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(240 "C) showed two peaks 4.35 and 4.65 min in the ratio of about 
96:6. Anal. Calcd for C20H3402Si: C, 71.85; H, 10.17. Found: 
C, 71.81; H, 9.83. 

trans -2,3-Dimethyl-3-[2-( tert  -butyldimethylsiloxy)-4- 
methylphenyl]cyclopentanone (12). A solution of alcohol 11 
(100 mg, 0.29 mmol) in DMF (1 mL) was vigorously stirred with 
pyridinium dichromate (225 mg, 0.6 mmol) for 4 h at ambient 
temperature. At this time TLC indicated that the oxidation was 
complete. The mixture was diluted with water and extracted with 
ether. The combined extracts were washed with 10% aqueous 
NaOH, water, and brine, dried with anhydrous MgS04, and 
concentrated. The crude product was chromatographed on a silica 
gel preparative plate developed with 10% ether in petroleum ether 
to afford 94 mg of 12 (94% yield): IR 2975-2875,1740 (C=O), 
1620, 1500, 1275, 850 cm-'; NMR b 7.3-6.7 (3 H, m), 2.8-1.9 (4 
H, m), 2.2 (CH,, s), 1.25 (CH3, s), 1.0 (9 H, s), 0.75 (3 H, d, J = 
7 Hz), 0.3 (6 H, 8) .  Anal. Calcd for C&3202Si: C, 72.28; H, 9.63. 
Found: C, 72.41; H, 10.02. 

trans -2,3-Dimethyl-3-[5-bromo-2-( tert -butyldimet hylsil- 
oxy)-4-methylphenyl]cyclopentanone (14). Bromine (13 pL, 
0.25 "01) was added to a solution of the ketone 12 (85 mg, 0.25 
mmol) in propylene oxide (2 mL). After 5 min the entire reaction 
mixture was chromatographed on a silica gel preparative plate 
developed with 13% ether in petroleum ether to afford 102 mg 
of 14 (80% yield) as a viscous liquid. We were unable to induce 
this material to crystallize. 14 IR 2990-2860,1740 (M), 1600, 
1500, 1400, 1310, 850; NMR b 7.15 (1 H, s), 6.55 (1 H, s), 2.3-1.9 
(4 H, m), 2.2 (CH,, s), 1.25 (CH,, s), 1.0 (9 H, s), 0.72 (3 H, d), 
J = 7 Hz), 0.3 (6 H, 8).  Anal. Calcd for C&31Br02Si: C, 58.39; 
H, 7.54. Found: C, 58.16; H, 7.41. 

Allolaurinterol tert-Butyldimethylsilyl Ether (16). The 
methylenation procedure of Nozaki" was employed. To a sus- 
pension of powdered zinc (81 mg, 1.25 "01) in THF (1 mL) was 
added CH2Br2 (88 p L ,  1.25 "01) and T i c 4  (137 p L ,  1.25 "01). 
A vigorous, exothermic reaction took place with formation of a 
dark-blue color. After 20 min the bromo ketone 14 (100 mg, 0.25 
mmol) was added in 2 mL THF. The reaction was allowed to 
proceed for 6 h and then poured into water and extracted with 
ether. The combined extracts were washed with 10% aqueous 
NaOH, water and brine, dried with anhydrous Na2S04, and 
concentrated. The crude product was chromatographed on a silica 
gel preparative plate developed with 1 % ether in petroleum ether 
to afford 85 mg of 16 (84% yield) as a pale-yellow oil): IR 
3080-2850,1650,1600,1350,1250,870,840 cm-'; NMR 6 7.25 (1 

(CH,, s), 1.0 (H, s), 0.72 (3 H, d, J = 7 Hz), 0.3 (6 H, 8). 
(A)-Allolaurinterol (1). The silyl ether of 16 (85 mg, 0.20 

"01) was cleaved by treatment with a solution of n-Bu4NF (431 
rL, 1 M, 0.43 mmol) in THF (1 mL) for 2 min at room temper- 
ature. The reaction mixture was then diluted with water and 
extracted with ether. The combined extracts were washed with 
water and brine, dried with anhydrous Na2S04, and concentrated. 
The crude product was chromatographed on a silica gel prepa- 
rative plate developed with 8% ether in petroleum ether to afford 
57 mg of 1 (93% yield): IR 3550,30580-2880,1655, 1618, 1495, 
1450, 1255, 1075, 880 cm-'; NMR d 7.25 (1 H, s), 6.5 (1 H, s), 4.95 
(1 H, s), 4.85 (1 H, s), 4.6 (1 H, s), 2.95 (1 H, q), 2.5-1.8 (4 H, m), 
2.22 (CH,, s), 1.18 (CH,, s), 0.72 (3 H, d, J = 7 Hz). Anal. Calcd 
for Cl6Hl8BrO: C, 61.01; H, 6.44. Found C, 60.85; H, 6.47. This 
material was spectrally identical with (-)-allolaurinterol.' 
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Neighboring group participation long has been consid- 
ered a basic tenet of organic chemistry.2 Demonstration 
of anchimeric assistance during the course of a reaction 
has come from rearrangement, rate acceleration, and ste- 
reochemical studies. Today a substantial number of groups 
and atoms are known to serve as important neighboring 
groups. For example, in a now classic publication Winstein 
et  aL3 invoked halogen participation and concomitant 
halonium ion formation to explain the rates of solvolysis 
of cis- and trans-2-halocyclohexyl esters. Like most in- 
vestigations which followed, these authors examined the 
bridging capabilities of the individual halogens using sim- 
ilar but separate compounds containing iodine, bromine, 
or chlorine. Subsequently, it was necessary to show that 
the overall rate enhancement was a function of partici- 
pation while allowing for the elements of induction, solvent 
influence, and the way the carbocation center was gener- 
ated. For example, in Winstein's system the inductive 
effects of halogen was shown by calculation to  result in 
substantial rate deceleration by as much as 10000.4 

Recent investigationss in our laboratories directed to- 
ward the rearrangement of aryldihalopropanols have uti- 
lized a similar approach. In previous experiments, NMR 
kinetic studies were conducted with 2,2-dichloro- and 
2,2-dibromo-l-(o-chlorophenyl)-l-propyl trifluoroacetates 
in a trifluoroacetic acid-sulfuric acid mixture under 
identical conditions. A comparison of this type revealed 
a significant rate acceleration owing to halogen partici- 
pation when the bromine-containing compound was com- 
pared with the analogous chloro derivative. This, as well 
as leaving group effects, implicated a halonium ion in- 
termediate in the rearrangement of 1 to an a-halo ketone 
2 (eq 1). 

U 

l a ,  X =  X' = C1 
b, X = X' = Br 
c ,  X = Br, X' = C1 

2a, X =  c1 
b, X =  Br 

In our most recent system, the rearrangement of 140- 
chlorophenyl)-2-bromo-2-chloro- 1-propyl trifluoroacetate 

(1) Taken, in part, from a thesis by J. Jewett-Bronson in partial ful- 
fillment of the requirements for the M.S. degree in organic chemistry, 
University of Maine at Orono, Orono, ME. 

(2) (a) J. M. Harris and C. C. Wamser, "Fundamentals of Organic 
Reaction Mechanisms", Wiley, New York, 1976, pp 16C-179; (b) J. M. 
Harris, h o g .  Phys. Org. Chem., 11, 90 (1974); (c) T. H. Lowry and K. 
S. Richardson, "Mechanism and Theory in Organic Chemistry", 2nd ed, 
Harper & Row, New York, 1981, Chapter 5. 

(3) S. Winatein, E. Grunwald, and L. L. Ingraham, J. Am. Chem. SOC., 
70, 821 (1948); 73, 5458 (1951). 

(4) A. Streitwieser, J. Am. Chem. SOC. 78, 4935 (1956). 
(5) (a) B. L. Jensen and P. E. Peterson, J. Org. Chem. 42,4052 (1977); 

(b) B. L. Jensen, S. E. Burke, and S. E. Thomas, Tetrahedron 34,1627 
(1978); (c) B. L. Jensen, S. E. Burke, S. E. Thomas, and W. H. Klaus- 
meier, Tetrahedron Lett., 2639 (1977); (d) B. L. Jensen and R. E. 
Counsell, J. Org. Chem., 38, 835 (1973). 
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by this unusual mechanism offered a unique model to 
study several aspects of anchimerically assisted rear- 
rangements involving halogen. First, solvolysis of IC 
conceivably could lead to a direct internal competition for 
participation between chlorine and bromine. While it has 
long been recognized that bridging by bromine is more 
facile than for chlorine, few studies have been conducted 
where two different halogens can compete for an adjacent 
carbocationic center by neighboring group participation? 
Secondly, kinetic data from the solvolysis of la-c could 
provide information on the extent of inductive influence 
that chlorine and/or bromine has on the rate of reaction. 
Finally, i t  could be possible to probe the steric and ste- 
reochemical influences which occur during the course of 
rearrangement by following the rate of reaction for the two 
pair of diastereomers that make up IC. We report here 
the findings of our most recent study. 

Results and Discussion 
l-(o-Chlorophenyl)-2-bromo-2-chloro-l-propanol was 

prepared from 1-(0-chloropheny1)-1-propanone (3) in a 
three-step sequence. Monochlorination of 3 was carried 
out in methylene chloride with an equimolar amount of 
chlorine. The reaction was monitored via NMR and upon 
appearance of a singlet a t  2.3 ppm the reaction was 
quenched. Traces of starting material and the dichloro 
ketone were removed by spinning-band distillation. 
Preparation of the bromo chloro ketone was accomplished 
by treating the monochloro ketone with N-bromosuccin- 
imide in refluxing carbon tetrachloride under illumination 
from a 300-W tungsten lamp. NMR and analytical data 
confirmed the authenticity of this compound. Conversion 
to 4 was completed by electrophilic reduction of the bromo 
chloro ketone with diisobutylaluminum hydride in hexane. 
For purposes of solvolysis, 4 was converted to its tri- 
fluoroacetate ester by reaction with trifluoroacetic anhy- 
dride in anhydrous ether (eq 2). 

GHCI 

Notes 

Kinetic studies were carried out by following the course 
of reaction with proton magnetic resonance spectroscopy. 
Rate constants were determined as the negative slope of 
plots of In (1 - A,/A,) vs. time, where A, and A, are areas 
for the methyl singlets (or benzylic hydrogens) of the 
product and the total area (product plus reactant). Good 
first-order plots were obtained for all compounds up to 3-4 
half-lives, using the methyl group singlets. However, the 
signal-to-noise ratio in the benzylic region of the NMR 
substantially reduced the accuracy of the measurements. 
Solvolysis products were identified by comparison of their 
NMR spectra and GLC chromatograms with those of au- 
thentic samples that had been prepared previ~usly.~ 

Solvolysis of IC was performed with 0.2 M samples in 
0.46 M sulfuric acid dissolved in trifluoroacetic acid at  57 
"C. From the onset of reaction it was clearly apparent that 
the set of enantiomers with benzylic protons a t  6.86 ppm 
and methyl protons a t  2.35 ppm was undergoing rear- 
rangement more rapidly than the pair of enantiomers 
having a benzylic absorption a t  7.00 ppm and a methyl 
peak at  2.30 ppm. After 5 h, the nearly completed reaction 
showed only a single benzylic absorption a t  6.10 ppm and 

(6) P. B. D. de la Mare, P. G. Naylor, and D. L. H. Williams, J. Chem. 
SOC., 443 (1962). 

[ :p 
/ 

C l  
CH: C l  OTFA 

Figure 1. 

Ar$:H3 CI  

~ T F A  

B r  

ATFA 
Figure 2. 

a single methyl absorption at  2.45 ppm. The reaction was 
allowed to proceed for 22 h to insure total conversion of 
both pairs of diastereomers. At this time the reaction was 
quenched with water and the product extracted into 
methylene chloride. In turn, the extract was subjected to 
capillary gas chromatography, using a fused silica column. 
Both NMR and GLC analyses confirmed that the bromo 
ketone 2b was the exclusive product of rearrangement with 
the chloro ketone 2a being found in only trace amounts.' 

Of the several contributing factors which could most 
readily influence this reaction, intergroup interactions in 
the reactant and transition state appear to play a major 
role. Examination of three-dimensional models revealed 
that of the six pairs of intergroup interactions in the two 
sets of conformers that make up IC, the aryl-methyl in- 
teraction may be the dominant factor. ks shown in Figure 
1, when the bromine atom and trifluoroacetate group as- 
sume an antiperiplanar arrangement prior to neighboring 
group participation by bromine in the R,S conformer (and 
S,R conformer), the terminal methyl group projects away 
from the aromatic moiety. Furthermore, dipole and steric 
factors appear to be minimized since the o-chlorophenyl, 
halogens, and trifluoroacetate groups occupy rather spa- 
cious positions. Only a small unfavorable ortho hydrogen 
interaction can arise in these conformations. In contrast, 
an appreciable interaction develops between the methyl 
group and aromatic ring in the R,R and S,S conformers 
(Figure 2). 

That severe intergroup interactions can play a major role 
in this reaction and obscure smaller contributions, such 
as differential inductive effects, is also evidenced by a 
comparison of the rates of reaction for the sets of diaste- 
reomers of IC, the dichloro trifluoroacetate la, and the 
dibromo trifluoroacetate lb. Under identical conditions, 
la  solvolyzed very slowly a t  a rate of 1.8 X loT5 s-l with 
an approximate half-life of 690 min. In contrast, the di- 
bromo analogue lb solvolyzed rapidly a t  a rate of 2.4 X 

s-l with a half-life of about 48 min. The solvolysis 
rates for the separate diastereomers of IC were distinctly 
different, as would be expected on the basis of the vastly 
different group interactions. The R,S conformer (and 
enantiomer) reacted at  nearly the same rate as the dibromo 
compound with a rate of approximately 1.7 X s-l and 
a half-life of 60-80 min. The R,R conformer (and enan- 
tiomer) reacted about 3 times more slowly than the other 
set of diastereomers with a rate of approximately 5.8 X 10" 

and a half-life of 180-210 min. A slightly lower rate 
of reaction for IC compared to that of lb is to be expected 

(7) The small amount of 2a found in the rearrangement mixture is 
within experimental limits of the purification procedures used to remove 
the dichloro ketone from the first step of the reaction sequence and is 
less than 2 % . 
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ducted from a single batch of TFA-H2S04 with a capillary of 
MelSi as the standard. All other NMR spectra were taken in 
CDC13 with Me4Si as an internal standard. Infrared spectra were 
determined on a Perkin-Elmer 457 spectrophotometer. Distil- 
lations were performed with a Biichi/Brinkman Kugelrohrofen 
microdistillation oven or with a B/R Instrument Corp. Model 
800 spinning-band distillation unit and boiling points were un- 
corrected. Vapor phase chromatography was done by using a 
Hewelett-Packard 5731A instrument with a 25-m SE-30 capillary 
column. Microanalyses were performed by Galbraith Laboratories, 
Knoxville, TN. 
l-(o-Chlorophenyl)-2-chloro-l-propanone. 1-(0-Chloro- 

phenyl)-l-propanone" (27.0 g, 0.16 mol) was dissolved in meth- 
ylene chloride (400 mL) and cooled in an ice bath. Chlorine (12.8 
g, 0.18 mol), dissolved in ice-cold methylene chloride (200 mL), 
was added dropwise with stirring over a period of 1 h. After the 
addition, hydrogen chloride gas was bubbled through the solution 
for 15 s. The mixture was allowed to warm to room temperature 
and stirring was continued overnight. During this period the 
reaction was monitored by NMR spectroscopy and upon the 
appearance of a singlet at 2.30 ppm the mixture was poured into 
cold water. The solvent layer was washed with water, 5% aqueous 
sodium bicarbonate, and water before drying over sodium sulfate. 
Evaporation of the solvent and spinning-band distillation of the 
residue afforded 31.0 g (94%) of the monochloro ketone as a 
light-yellow liquid: bp 77-79 "C (0.25 mm); IR (film) 3080,3000, 
1710,1590,1470,1200 cm-'; NMR (CDC13) 6 7.35 (m, 4, Ar H), 

1-( o-Chlorophenyl)-2-bromo-2-chloro-l-propanone. The 
monochloro ketone (18.3 g, 90 mmol) and N-bromosuccinimide 
(16.0 g, 90 "01) were refluxed in carbon tetrachloride (200 mL) 
under illumination from a 300-W tungsten lamp. The reaction 
was complete after 6 h, when the orange color of the solution had 
disappeared. The solution was filtered, and the solvent evapo- 
rated. Spinning-band distillation of the residue gave 21.0 g (84%) 
of the product: bp 80-85 "C (0.2 mm); IR (film) 3080,3000,1720, 
1590,1220,1050,750 cm-'; NMR (CDCl,) 6 7.35 (m, 4, Ar H), 2.48 
(8, 3, CHs). 

Anal. Calcd for C9H7C12BrO: C, 38.34; H, 2.50; Br, 28.34. 
Found: C, 38.65; H, 2.76; Br, 28.70. 

1-( o-Chlorophenyl)-2-bromo-2-chloro- 1-propanol (4). To 
a solution of the bromo chloro ketone (2.1 g, 7.5 mmol), under 
a nitrogen atmosphere and in dry hexane (30 mL), was added fresh 
diisobutylaluminum hydride (10 mL, 20% in hexane) dropwise 
via syringe over a period of 5 min. The solution was stirred at 
room temperature for 2 h and then cooled to 0 "C in an ice bath. 
Water (10 mL) was added dropwise and the resulting precipitate 
was removed by filtration. The precipitate was washed with 
hexane. The hexane layers were combined, washed with brine, 
and dried over sodium sulfate. The solvent was evaporated to 
afford 1.9 g (90%) of 4 as a pure colorless liquid. Distillation was 
carried out at 120-121 "C (0.1 mm). 4: IR (film) 3450,1050 cm-' 
(acetate, IR (film) 1750, 1220 cm-'); NMR (CDC13) 6 7.3 (m, 4, 
Ar H), 5.45 (d, 1/2, CH), 5.60 (d, 1/2, CH), 3.80 (d, 1, OH), 2.20 
(8, 3, CH&. 

Anal. Calcd for C9HBC12BrO: C, 38.06; H, 3.19. Found: C, 
38.47; H, 3.42. 

l-(o-Chlorophenyl)-2-bromo-2-chloro-l-propanol Tri- 
fluoroacetate (IC). To a solution of 4 (0.8 g, 2.8 mmol) in 
anhydrous ether (50 mL) was added trifluoroacetic anhydride (2 
mL) in ether (2 mL). The solution was stirred at room tem- 
perature for 18 h and then cooled to 0 "C. Ice water (10 mL) was 
added dropwise and the aqueous layer separated. The ethereal 
layer was washed with water, 5% aqueous sodium bicarbonate, 
and water before drying over sodium sulfate. Evaporation of the 
solvent afforded IC as a colorless heabsensitive liquid 1.1 g (99%); 
IR (film) 1800,1150 cm-'; NMR (CDC13) 6 7.60 (m, 4, Ar H), 6.90 

Kinetic Procedures. Reaction rates were determined by 
NMR spectroscopy. Solutions (0.20-0.21 M) were prepared with 
a single batch of trifluoroacetic acid-sulfuric acid. Rate deter- 
minations were based on relative peak heights of the methyl group 
singlets and benzylic hydrogen singlets. First-order rate constants 

5.15 (4, 1, CH), 1.70 (d, 3, CH3). 

(8, 1/2, CH), 6.76 (8, 1/2, CH), 2.32 (s, 3, CH3). 

Scheme I 

I ,. H S+ 

0' 

6-2 c-1 
X = C1 or Br. 

on the basis of differing inductive influences by chlorine 
and bromine. During the transition state leading to the 
formation of the three-membered ring halonium ion, the 
developing positive charge acquired by carbon-1 will be 
influenced by the groups remaining at carbon-2.8 For IC, 
the remaining halogen is chlorine and for lb the remaining 
halogen is bromine. Because the inductive electron-with- 
drawing ability of chlorine (aI = 0.47) is slightly greater 
than for bromine (aI = 0.45): the transition state leading 
to the bromonium ion intermediate is slightly destabilized 
for IC in comparison to lb. Accordingly, the overall rate 
of reaction for IC is slower than lb (Scheme I). However, 
any inductive effect which is operative here must apply 
to both sets of compounds making up IC. Consequently, 
the fact that the rates of reaction are considerably different 
for each set of diastereomers means that the interactions 
between groups are the major force controlling the course 
of reaction. 

The formation of less than 2% of chlorine shift product 
is somewhat surprising since the reaction of IC would be 
expected to  yield approximately 10% of 2a, based on the 
dichloro and dibromo trifluoroacetate rates of solvolysis. 
However, intergroup interactions and the noncompetitive 
nature of the chlorine atom would explain this result. In 
order for chlorine to participate in this reaction, it would 
be necessary for the R,R conformer (and S,S conformer) 
shown in Figure 2 to undergo carbon-carbon bond rotation 
of 120° to bring the chlorine atom and trifluoroacetate 
group into a trans coplanar arrangement. While the 
methyl-aryl interaction is relieved, this same rotation 
brings the bulky bromine atom into an  unfavorable jux- 
taposition with the aromatic ring. In fact, there would be 
little, if any, steric relief provided by such a rotation since 
the bromine atom and methyl group are of approximately 
equal size.'O Thus it  would appear that while the con- 
formation shown in Figure 2 is not an  ideal arrangement 
of groups, i t  is better than the analogous one having a 
chlorine anti to  the trifluoroacetate function. Moreover, 
our finding that chlorine competes to a nearly insignificant 
degree with bromine is consistent with the results of de 
la Mare et a1.6 These authors found that when hypo- 
bromous acid was added to allyl chloride, no greater than 
0.8% of the product distribution arose by chlorine com- 
peting with bromine for an adjacent electron-deficient 
carbon. 

Experimental Section 
Melting points were obtained with a Thomas-Hoover apparatus 

and are uncorrected. Quantitative analyses of the kinetic runs 
and additional NMR spectra were recorded on a Hitachi Per- 
kin-Elmer R20-B spectrometer. Kinetic experiments were con- 

(8) P. E. Peterson, Ace. Chem. Res., 4 ,  407 (1971). 
(9) (a) R. W. Taft and I. C. Lewis, J. Am. Chem. SOC., 80,2436 (1958); 

81, 5343 (1959); (b) C. D. Ritchie and W. F. Sager, Prog. Phys. Org. 
Chem., 2, 337 (1964). 

(10) R. W. Taft, "Steric Effects in Organic Chemistry", M. S. Newman, 
Ed., Wiley, New York, 1956, Chapter 13. (11) Reference 5b, p 1629. 
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were determined as the negative slope of plots of In (1 - A,/AJ 
vs. time, where A, and At are areas of the product and total area, 
respectively. Good first-order rate plots were obtained to 75% 
reaction using the methyl groups and are comparable in quality 
to those of earlier studiss. The data taken from the benzylic region 
of the NMR was subject to greater experimental error because 
of the signal-to-noise ratio. However, the data are representative 
of the gross overall changes which occurred during the reaction. 
Products were identified by comparison of their NMR spectra 
and GLC retention times with those of authentic materials pre- 
viously ~repared .~  
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At the time of their discovery2 the heliangolides goy- 
azensolide and 15-deoxygoyazensolide were assigned for- 
mulas la and lb (Chart I) rather than 2a and 2b for two 
reasons. (1) Chemical shifts and coupling constants in- 
volving H-6, H-7, H-8, and H-9 differed significantly from 
those exhibited by calaxin? ciliarin? and budlein A4 which 
were then believed to  possess structures 2b, 2g, and 2c, 
respectively. (2) H-8 near 4.5 ppm was identified with the 
hydrogen on carbon carrying the lactone oxygen and H-6 
near 5.3 ppm with the hydrogen on carbon carrying the 
ester group since lactone hydrogens at C-6 or C-8 of ses- 
quiterpene lactones generally resonate a t  higher fields than 
C-6 or C-8 hydrogens under ester moieties. 

In the interval the first of these arguments has been 
rendered invalid by the demonstration5i6 that calaxin, 
ciliarin, and budlein A actually possess structures 3a-c.' 
Moreover, goyazensolide, 15-deoxygoyazensolide, and 
several similar compounds to which structures lc-f were 

(1) Supported in part by a grant (CA-13121) from the US. Public 
Health Service through the National Cancer Institute. 

(2) Vichnewski, W.; Sarti, S. J.; Gilbert, B.; Hen, W. Phytochemistry 
1976,15,191. Vichnewski, W.; Lopes, J. N. C.; Filho, D. D. S.; Herz, W. 
Ibid. 1976, 15, 1775. 

(3) Romo de Vivar, A.; Guerrero, C.; Diaz, E.; Ortega, A. Tetrahedron 
1970,20, 1657. 
(4) Guerrero, C.; Santana, M.; Romo, J. Rev. Latinoam. Quim. 1976, 

7,41. Romo de Vivar, A.; Guerrero, C.; Diaz, E.; Bratoeff, E. A.; Jimenez, 
L. Phytochemistry 1976,15,525. 

(5) B a r d ,  N. C.; Sharma, R. P.; Medhwadanan, K. P.; Thyagarajan, 
G.; Herz, W.; Murari, R. J.  Org. Chem. 1979,44,1831. Chowdhury, P. 
K.; Sharma, R. P.; Thyagarajan, G.; Herz, W.; Govindan, S. Ibid. 1980, 
45,4993. 

(6) Roche, P.; Roeas, N.; Taboada, J.; Diddi, M. G.; Tellez, J. Rev. 
Latinoam. Quim. 1979,10,145 (1979). 
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Chart I 

la, R = OH; R = MeAcr 
b, R = H; R' = MeAcr 
c, R = OH; R' = Ang 
d, R = H; R' = Ang 
e, R = H; R' = Epoxymg 
f, R = H; R' = Tigl 

2a, R = OH; R' = M ~ A ~ ~  
b, R = H; R' = MeAcr 
c, R = OH; R = Ang 
d, R = H; R' = Ang 
e, R = H; R' = Epoxymg 
f, R = H; R' = Tigl 

g , R = H ; R ' = i - B u  g, R = H ; R ' = i - B u  

3a, R = H; R' = MeAcr 4a, R = i-Pr b, R = H; R' = i-Bu 
C, R = OH; R' = Ang V C H C H 5  

b, R =  *h 
CH3 

5 

6 

7 

8 

assigned by analogy have since been isolated from other 
plant sources where they are generally accompanied by 
substances whose lactone ring is invariably closed toward 
C-6.8 In particular, goyazensolide and its analogues are 
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