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-ABSTR.xT.-.An ethanolic extract of Psorosperniiiitr febrzyuguni was fractionated 
with antileukemic activity in riro in the P388 lymphocytic leukemia in mice and in 
~si t ro  in the KB cell culture system used as a guide. The ne%- antileukemic xanthone 
psorospermin 1 was isolated, and its structure was elucidated. The chlorohydrin of 
U-methylpsorospermin 2 was also isolated after treatment of the fraction containing 
psorospermin chlorohydrin 6 with diazomethane. Psorospermin 1 was demonstrated 
t o  have significant antitumor activity in the P388 i i i  w i o  system as well as cytotoxicity 
against the KB i j i  x’iro system. 

P s o r o s p e r i n w n  f e b r i f u g u i n  Sprach. (Guttiferae) is a n-oody plant of tropical 
4frica 11-hich has been used as a febrifuge, a leprosy treatment, a poison antidote, 
and a purgative (1. 2). The only previous chemical studies on P s o r o s p e r m u n z  
species resulted in the isolation of an anthraquinone pigment from P. guiizeeinse 
( 3 ) .  ;in ethanolic extract of P. f e b r i f u g u i n  n-as found to exhibit significant actiritJ- 
in ziizio against the P-388 lymphocytic leukemia (3PS) in mice and in zi tro against 
a cell culture derived from a human epideriiioid carcinoma of the nasopharynx 
(9KB) (4). Consequently, an investigation, guided by biological activity, xr-as 
undertaken to isolate and characterize the antileukemic compounds of P. 
f e  bri f  rig u i ~ .  

The 
resulting gum 1%-as partitioned betn-een chloroform and n-ater n-it11 the activity 
beiig concentrated i:i the chloroform layer. The chloroform soluble material 
n-as then partitioned betir-een petroleum ether and aqueous methanol (C&OH- 
H p O ,  9: l ) .  The biologically active inethanol fraction n-as subjected to column 
chromatograph!- on Silic-AR CC-’7 and eluted v-ith chloroform folloir-ed by chloro- 
form containing increasing amounts of methanol. The activity was concentrated 
in a fraction eluted xi th  27, methanol in chloroform. This material i\-as subjected 
to low-pressure liquid chromatography on silica gel and eluted n-ith benzene con- 
taining increasing amounts of ethyl acetate,. The active fraction which eluted 
n-ith GO%‘, ethyl acetate in benzene n-as crystallized from ethanol and acetone- 
hexane to prodcce the lien- antileukemic xanthone, psorospermin 1. 

9nalysis of the fraction eluted from the SilicAR column immediately follon-ing 
1 by tlc suggested that it contained a compound related to psorospermin 1. Low- 
pressure liquid chromatography of this fraction on silica gel with acetone in hexane 
as ehent partially purified the material: but isolation n-as difficult due to the 
fraction’s very limited solubility. Thus the. decision was made to isolate this 
material as its methyl ether. Methylation of the partially purified fraction n-ith 
diazometliane in ether, follon-ed by preparative tlc; first on silica gel developed 
n-itli methanol-chloroforn. then on Chrom,AR n-ith ethyl acetate-dichlorometliane 
as eluent, gave, after crystallization from ethyl acetate: compound 2. 

The dried ground roots of P.  f e b r i j u g u m  n-ere extracted with ethanol. 
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Elemental analysis and high resolution mass spectrometry established a molecu- 
lar formula of C&606 for psorospermin 1. A strong band at 1635 cm-' in the 
infrared spectrum together with the ultraviolet spectrum [ A  max ( E )  24 i  nm (40,900), 
310 (l i ,200)] of 1 suggested that 1 n-as a xanthone. The nmr spectrum of 1 con- 

0 OCH3 

5' CH2CI 

tained signals for four protons in the aromatic region, a low field doublet of doublets 
( J = 2 . 3  and T.0 Hz) at 6 7 . i9 ,  a two proton multiplet at ca. 6 i . 2 ,  and a high-field, 
one proton singlet at 6 6.26. The nmr data confirmed the xanthonic nature of 1 
and indicated that oxygenation was at C-1. C-3. and C-5, a common oxygenation 
pattern among the xanthones. The high field singlet  as assigned to a proton on 
the electron-rich phloroglucinol ring. This ring. therefore, had to contain an alkyl 
substituent at C-4 or C-2 in order for this signal to appear as a singlet. The low 
field doublet of doublets was attributed to the C-S hydrogen w!iich is deshielded 
by the xanthone carbonyl ( 5 ) .  In  the nmr spectrum of 1 obtained in pyridine-d:, 
the C-G and C-7 protons, which were unresolved in deuterochloroform, n-ere re- 
solved into separate resonances. clearly demonstrating the presence of three vicinal 
aromatic protons. This data may be accounted for by partial structure A. 

0 
A 

The nmr mectrum of 1 also contained a doublet of doublets i J=i .O and 9.3 
Hz) at b 4.5:. coupled to  a tno-proton multiplet centered at 63.37, forming an 
ABX pattern (J.kB = 15.0 Hz) and peaks corresponding to an aromatic methoxyl 
(6 3.92), a methyl singlet at 6 1.39, and a pair of doublets ( J=4 .5  Hz) at 6 2.G8 and 
6 2.93. The latter signals are characteristic of the geminal protons of an o x -  
disubstituted epoxide. This data plus the requirements of structure A could be 
accounred for by combining the R group and one oxygen in a dihydrofuran ring as 
in partial structure B. 
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Since two of the three oxygen substituents on the xanthone nucleus had been 
accounted for (one in the dihydrofuran ring and one as a methoxyl) and all of the 
carbons were accounted for, the remaining oxygen had to be present as a hydroxyl. 
Methylation of 1 with ethereal diazomethane gave a monomethyl ether 3, establish- 
ing that the hydroxyl group was not at  C-1, since hydroxyl groups at  this position 
are unreactive toward diazomethane due to hydrogen bonding to the xanthone 
carbonyl (5). Treatment of psorospermin 1 with pyridine-acetic anhydride gave 
the acetate, 4. A coniparison of the nmr spectra of 1 and 4 revealed that the C-8 
hydrogen signal of 4 had shifted to lower field by ca. 0.4 ppm. This paramagnetic 
shift indicated that acetylation had occurred in the same ring as C-8 and, there- 
fore, allowed the unambiguous assignment of the free hydroxyl group in 1 to C-5 (6). 

The relative positions of the methoxyl and the dihydrofuran ring m-ere deter- 
mined from studies of the nuclear Overhauser effect (SOE). SOE has been used 
to distinguish linear and angular pyranoxanthones ( 7 ) .  I n  the latter case, ir- 
radiation of the C-1 methoxj-1 causes a 31% enhancement in the singlet assigned 
to  the C-2 proton; Tvhile in the former case only a 10% enhancement in the C-1' 
doublet is seen. I n  the present case, irradiation of the methoxyl signal of a degassed 
deuterochloroform sample of psorospermin acetate 4 resulted in a 30y0 enhancement 
of the aromatic singlet a t  6 6.37. Thus, this singlet could be unambiguously as- 
signed to  a proton at  C-2 and, as a consequence, the dihydrofuran ring must be 
at  C-3 and C-4, which means that psorospermin must have structure 1. 

I t  now remained to establish the relationship betxT-een 1 and 2. Elemental 
analysis and high resolution mass spectrometry revealed the presence of chlorine 
in 2 and established a molecular formula of C20H1906C1. The aromatic region 
of the nmr spectrum of 2 was very similar to that of 1, shom-ing a doublet of doub- 
lets ( J = 2 . 7  and 7.0 Hz) at  6 7.82, a tu-0-proton multiplet at  6 7 .2 ,  and a one- 
proton singlet at  6 (3.21. I n  addition, the nmr spectrum contained signals for two 
methoxyl groups (6 3.86 and 3.93), a tertiary methyl (6 1.37), and a one-proton 
triplet ( J =  9 Hz) at 6 5.08 coupled to a two-proton doublet at  6 3.38. The signals 
due to  the epoxide proton of 1 were missing, however, and n-ere replaced with a 
two-proton AB pattern ( J = 8 . 2  Hz) at  6 3.67 and 3.74. Consideration of the 
above spectral data led to the conclusion that 2 was the chlorohydrin of psoro- 
spermin methyl ether 3. This was demonstrated by the conversion of 2 to 3 
by treatment with base. The readily accomplished conversion of 2 to 3 and the 
resistance of 2 toward acetylation ruled out an alternate structure in which the 
hydroxyl and chlorine would be transposed. The reverse reaction, the conversion 
of 3 to the chlorohydrin 2, was very facile and could be accomplished under a 
variety of acidic conditions. Partial conversion was even observed after pro- 
longed treatment of 3 with chloroform. This raises the possibility that the parent 
compound from which 2 was derived was not a true natural product, but rather an 
artifact of the isolation process. This question has been investigated previously in 
relation to the sesquiterpene expoxide, euparotin, and its chlorohydrin eupachlorin 
(8), but similar studies were not carried out in the present case. 

I n  order to establish the position of the methoxyl groups, 2 was treated with 
boron trichloride, Boron trichloride is knon-n to selectively demethylate methoxyl 
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groups which are ortho to a carbonyl function (9). A C-1 methoxyl of a xanthone 
meets this requirement, and demethylation proceeds readily, leaving other methoxyl 
groups untouched (7, 9). The reaction of 2 with boron trichloride proceeded 
smoothly to give a product, 5, which was shown by high resolution mass spectrom- 
etry and elemental analysis to  be monodemethylated. The nmr spectrum of 5 
confirmed that only demethylation had taken place. The spectrum was very 
similar to  that of 2, the only difference being that one of the methoxyl signals of 2 
had disappeared and was replaced with a sharp one-proton singlet at 6 12.97, 
characteristic of the hydrogen bound hydroxyl proton of 1-hydroxyxanthones (10). 
Furthermore, 5 gave a strong positive ferric chloride test and showed a batho- 
chromic shift in its ultraviolet spectrum upon addition of aluminum chloride, both 
diagnostic for 1-hydroxyxanthones. Chlorohydrin 2 was demonstrated, there- 
fore, to contain a methoxyl group at  C-1, and, owing to the interconversion of 
psorospermin 1 and 2, confirms the conclusion that psorospermin 1 also contains 
a C-1 methoxyl. Consequently, 2 must be 0-methylpsorospermin chlorohydrin 
and the compound from which 2 \vas derived by methylation must be psorospermin 
chlorohydrin 6. 

Chemical 
methods were precluded by lack of sufficient quantities of material, and a suitable 
crystal could not be obtained for X-ray crystallographic determination of the 
stereochemiqtry. 

Psorosperniin 1 is one the fen- naturally occuring xanthones to show significant 
antileukemic activity. It demonstrated P-388 activity (e.g. T C l?jS7c at 8 

at dose< ranging from S to 0.1 nig kg and some cytotoxicity against the 
KB cell culture (EDao=1O-l pg ml). It also was found to inhibit mitosis in sea 
urchin eggs at lop6 11. 

The qtereochemistry of psorospermin 1 has not been determined. 

EXPER111ESTAL4 
PLL\T iriTERI.iLs.-Dried roots of Psorospernlztnf febrzjfcgum Sprach. (B 676297, PR- 

40806), collected in October, 1973, in Tanzania, were supplied by the Medicinal Plant Resources 
Laboratory, USDA, Beltsville, Maryland, where voucher specimens are preserved. 

EXTRLCTIOS .%SD PRELI \ I ITIRT F R l C T I O S  irIos.-The dried ground roots of P. febrifugum 
(5 kg) were extracted F i th  95cc ethanol in a Soxhlet extractor, and the ethanol extract was 
evaporated under reduced pressure to  > ield a dark brown gum (-2, 1160 9) .  Fraction A was 
partitioned be tmen  water (2.5 liters) and chloroform (2.5 liters, 3 x 1.5 liters), and the chloro- 
form layer B-as evaporated to  give fraction B (406 9) .  Partitioning of Fraction B between 
petroleum ether (6 x 2 liters) and 1 0 5  aqueous methanol (2 liters) afforded, after evaporation, 
fractions C (225 ,g) and D (105 g) ,  respectively. Fraction D wis subjected to  column chro- 
matography iSilic..iR CC-i, 2.3 kg) with chloroform follom-ed by chloroform containing in- 
creasing amounts of methanol as eluent. Elution with 2 5  methanol in chloroform gave frac- 
tion E (4.6 g) followed by fraction F 13.1 g) .  

Welting points Fere determined on a Mettler model FP2 hot stage and are uncorrected. 
Ultraviolet absorption spectra were determined on a Beckman model DK-2.2 recording spec- 
trophotometer. Infrared spectra were determined on Perkin-Elmer model 257 and model 337 
recording spectrophotometers. Suclear magnetic resonance spectra were determined on a 
JEOL PS-100 p F T S M R  spectrometer interfaced to  a Texas Instrument JEOL 9801 computer 
with tetramethylsilane as an internal standard. Mass spectra --ere determined on Hitachi 
Perkin-Elmer model RllU-GE and -4EI Model LIS-902 spectrometers. 1-alues of [a] D --ere 
determined on a Perkin-Elmer model 141 automatic polarimeter. Microanal?-ses were carried 
out by Spang lIicroanalytica1 Laboratory, Ann ..irbor, JIichigan, and Atlantic Microlab, Inc., 
.Itlanta, Georgia. Silic..iR CC-7 illallinckrodt) and silica gel 10 iE1I Reagent) were used 
for column chromatography. Chrom-lR 7GF (i\lallinckrodt) and silica gel 60 F254 (EM Re- 
agent) prepared plates were used for preparative t lc .  The P388 lymphocytic leukemia zn iizo 
assays were performed at  Raltech Associates, ?\ladison, Wisconsin, and the 9KB cytotoxicity 
assays were performed at .Irthur D. Little, Inc. ,  Cambridge, Massachusetts. 
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ISOL.ATION OF PSOROSPERMIS l.-Low pressure liquid chromatography of fraction E (Silica 

Gel 40,200 g) with ethyl acetate in benzene a s  eluent, afforded fractions G (0.3 g) and H (0.15 g) 
upon elution with 60% ethyl acetate-benzene. Fraction G was crystallized from ethanol, com- 
bined with material from preparative tlc (silica gel, 5y0 methanol-chloroform; of fraction H ,  
and recrystallized from acetone-hexane to  give psorospermin 1, 0.2 g, 0.004%: mp 280-282" 
(227-228" from ethanol); [ ~ ~ ] ~ ~ D - 7 1 . 3 '  (c 0.32, acetone); uv max (EtOH) X it) 340 nin (sh), 310 
(17,200), 300 (sh), 247 (40,900), 240 (sh) ;  ir  (KBr) 3500 (br),  2950, 1635, 1585, 1485, 1150, 1380, 
1340,1285,1225,1130, 1090,1076,1020,970,860,810,770 cm-'; nmr (CDC1,) 6 1.39 (3H, s ,  5I-H), 
2.68, 2.93 (ea 1 H,  d, J = 4 . 5  Hz, 4'-H), 3.24 (lH, dd, J = 1 5  and 7 Hz, l'-H), 3.49 ( lH,  dd,  J =  
15 and 9.3 Hz, lI-H), 3.92 (3H, s, -OCH,), 4.87 (lH, dd, J = 7  and 9.3 Hz, 2'-H), 6.29 ( l H ,  s, 
2-H), 7.2 (2H, m, 6- and 7-H), 7.79 (lH, dd, J=2 .3  and 7.0 Hz, 8-H); mass spectrum 340.0943 
(AI-, calcd for C19H1606, 340.0947). 

4 n a l .  Calcd for C19H1606.1.5 H,O: C, G2.12; H, 5.21. 

I~OL.~TIOS OF CHLOROHYDRIS 2.-Fraction F was subjected to  low pressure column chro- 
matography (Silica Gel 40,200 g) with acetone in hexane as eluent. Elution with 35YG acetone- 
hexane yielded fraction I (0.4 g) ,  which --as stirred in excess ethereal diazomethane for 16 hr. 
Evaporation of the solvent, followed by preparative tlc, first on silica gel with 5% methanol- 
chloroform as  eluent, then on ChromAR, developed with MyG ethyl acetate-dichloromethane, 
afforded a residue, which was crystallized from ethyl acetate t o  give 2, 0.053 g, 0 .01%:  mp 
218-220"; [ ~ r ] ~ ~ o - 1 3 2 ~  (c 0.268, EtOH);  uv max (EtOH) X ( E )  310 nm (18,600), 300 (sh),  246 
(44,500), 239 (37,100); ir (KBr) 3430, 1645, 1595 ern-'; nmr (CDC13) 6 1.37 (3H, s, 5 ' -H),  3.38 
(2H, d ,  J = 9  Hz, lI-H), 3.67, 3.74 (2H, ABq, J=8.2 Hz, 4'-H), 3.86, 3.93 (each 3H; s ,  -OCH8), 
5.08 ( lH ,  t ,  J = 9  Hz, 2'-H), 6.21 ( l H ,  s, 2-H), 7.2 (2H, m, 6- and 7-H), 7.82 ( lH ,  dd, J=2 .7  and 
7.0 Hz, 8-H); mass spectrum (chemical ionization: methane reagent gas) 391.0948 (hl++I, 
calcd for C20H1906C1+H, 391.0948). 

Anal. Calcd for C2&90&1: C, 61.47; H ,  4.90; C1, 9.07. Found: C, 61.39; H ,  4.813; C1, 8.98. 

METHYLITIOS or PsoRosPERhiIs  1.--A suspension of 32 mg of psorospermin 1 in 2 ml of 
ethereal diazomethane was stirred at room temperature for 16 hr .  The solvent &-as evaporated, 
and the residue was subjected to preparative tlc on silica gel, developed with 5% methanol- 
chloroform. Elution of the major band, which had a bright blue fluorescense w d e r  long-wave 
uv light, gave a colorless glass (28 mg),  which was crystallized from ethanol t o  afford 3: mp 
253-254"; [ c ~ ] ~ ~ o - i 7 . 3 ~  (c 0.194, CHCla); 11v malt (EtOII) X (E) 339 nm (6300), 309 (19,600), 246 
(47,600), 240 (sh) (41,700); ir (KBr) 1655,1635,1595, cm-l: nmr (CDC13) 6 1.41 (3H, s, <5-H), 2.69, 
2.94 (ea IH,  d ,  J = 4 . 4  Hz, 4I-€i j ,  3.29 ( IH ,  dd, J=7.6 and 15.0 Hz, lI-H), 3.54 i lH, dd, J=9 .3  
and 15.0 Hz, lI-H), 3.94, 3.97 (ea 3H, s, -OCH,), 4.84 ( lH ,  dd, J=7.6 and 9.3 H:! 2'-H), 6.36 
(lH, s, 2-H), 7.2 (2H, m, 6- and 7-H), 7.88 i lH ,  dd, J = 2 . 7  and 6.9 Hz, 8-H); mass spectrum 
(chemical ionization: methane reagent gas) 355.1177 (M-+I, calcd for CZOHISO~+H,  356.1182). 

Found: C, 62.22; H, 5.04. 

Anizl. Calcd for CZ0HIFO6: C, 67.79; H ,  5.12. 

ACETI-LATIOS or PSOROSPERWX l . -A solution of 33 mg of psorospermin 1 in 0.5 ml pyridine 
containing 5 drops of acetic anhydride was allowed to  stand a t  room temperature for 2.5 hr. 
The solvent was evaporated, and the residue was crystallized from acetone t o  give psorospermin 
acetate 4:  mp 190-192": [ ( ~ ] ~ ~ 0 - 9 3 "  (c 0.25, CHCl,); uv max (EtOH) X ( E )  339 nm (7100), 367 
(14,900), 287 (9000), 254 (21,800), 237 (34,600); ir  (CHCI,) 3010, 2935, 2860, 1765, 1650, 1635, 
1595; nmr (CDC1,) 6 1.44 (3H, s, 5I-H), 2.43 (3H, s, -Ode), 2.17, 2.97 (ea l H ,  d ,  J=4.8 Hz, 
4l-H), 2.83 ( lH ,  dd, J = 8  and 15.5 Hz, lI-H), 3.08 ( lH ,  dd, J = 1 0  and 15.5 Hz, II-H), 3.97 (3H, 
s, -OCH,), 4.88 ( lH ,  dd, J = 8  and 10 Hz, 2'-H), 6.37 ( lH ,  s, 2-H), 7.3 (2H, m, G- and 7-H), 
8.17 (IH,  dd, J=2.0 and 6.3 Hz, 8-H); mass spectrum (chemical ionization: methane reagent 
gas) 383.1133 (M-+l, Calcd for CzlH:sO;+H, 383.1131). 

Found: C, 67.66; H ,  5.12. 

Anal. Calcd for CZ1HISO~: C, 65.97: H ,  4.74. 

DEMETHYLATIOS OF 2.-To a solution of 2 (28 mg) in 1.5 ml of dichloromethane, was added 
1 ml of a 1 ?*I solution of boron trichloride in dichloromethane. The reaction mixture turned 
orange immediately. After stirring a t  room temperature for 20 min, the reaction mixture was 
poured into 20 ml of water and extracted with 15 ml of chloroform. The chloroform layer was 
washed q-ith water, evaporated, and subjected to preparative tlc on silica gel, developed with 
3% methanol-chloroform. Elution of the ferric chloride-active band gave a yellom- glass (19 mg), 
which %-as crvstallized from methanol t o  give 5 :  mD 180-182': T c ~ l ~ ~ ~ ~ 8 8 9 . 3 ~  i c  0.101. CHClq,: 

Found: C, 65.93; H ,  4.75. 

uv may (EtOH) X (e) 319 nm (11,400), 257 (u6,800), 224 (21,800), 2i8 (20,400); +AlCl,; 338, 324, 
278, 270, 248 (sh), 240 (sh), 231; ir (KBr) 3530, 3460, 1655, 1610, 1575 cm-l; nmr (CDC1,) 6 1.37 
(3H, S ,  5I-H), 3.37 (2H, d ,  J = 9  Hz, lI-H), 3.70 (2H, s, 4'-H), 3.97 (3H, s, -OCH3), 5.09 ( lH ,  t ,  
J = 9  Hz, 2I-H), 6.23 ( l H ,  s, 2-H), 7.2 (ZH, m, 6- and 7-H), 7.79 ( l H ,  dd, J = 3  and 6.5 Hz,  8-H), 
12.97 ( l H ,  s, 1-OH): mass spectrum (chemical ionization: methane reagent gas) 377.0787 (AI-+l, 
calcd for CisH1706CliH,  377.0792). 

A n d  Calcd for ClsHliOsC1: C, 60.57; H,  4.55. Found: C, 6 0 . 3 ;  H, 4.57. 



MAR-APR 19801 KUPCHAS ET .4L. : PSOROSPERMIX 30 1 

COSVERSIOS OF 2 TO 3.-A mixture of dhlorohydrin 2 (5  mg) and potassium tert-butoxide 
(3.8 mg) were stirred in dry tetrahydrofuran (1 ml) a t  room temperature for 1 hr. B few 
drops of methanol were added, and the suspension was filtered through a small column of silica 
gel packed in 10% methanol-ethyl acetate. The chlumn was washed with additional methanol- 
ethyl acetate, and the combined filtrates n-ere evaporated to  give 3 (3.7 mg, 82C,), which was 
identical (tlc behavior, nmr, ir , and mass spectra) n-ith psorospermin methyl ether 3 obtained 
from methylation of psorospermin 1. 

=1CKSOWLEDGJIESTR 
This investigation n a s  supported by a contract (SO-1-CAI-67002) and a grant (CA-lli l8) 

from the Xational Cancer Institute. The authors thank Dr .  L. I .  Rebhun and 11s. R. J. Wang, 
Department of Biology, University of T irginia, for performing the sea urchin egg mitosis in- 
hibition assays. 

Recen ed 30 T o t  ember 1979. 

I,ITEP,.ATL-TRE CITED 
1 .  

2 .  

3. 
4. 

D. 

6. 

7 .  
8. 

9. 

10. 

7. c'. Th. Uphof, "Dictionar!. of Economic Plants," 2nd ed., Strechert-Hafner Service 
Agency, Inc. ,  Sen-  Tork ,  S.T., 1968, p. :34. 
J .  11. Watt and 11. G .  Breyer-BrnndM-ijk, 'The Medicinal and Poisonous Plants of Southern 
and Eastern ..ifrica," 2nd ed., E and R .  Livingstone Ltd. ,  Edinburgh, 1962, pp. 494-500. 
0. Planche, d n n .  Ph(irn7. Fr. ,  6 ,  546 (1918): Chein.  dbstr.,  43, 8101i 11949). 
R .  I .  Geran. S .  H.  Greenberg. AI. 11. McDonald. A. 11. Schumacher and B. J. Abbott, 
Cancer Chenio!her. Reb . .  Part  i: 3. 1 11972) 
0. 11. Gottlieb, 51. ?.'<lagalhaes, i1. 0: S. Pereira, A .  A. L. Jlesquita, D .  B. Correa 
and G .  G. DeOliveira, Tetrahedron, 24, 1601 (19G8). 
0. R .  Gottlieb, 11. T. JIagalhaes, 31. Came>-, A .  -4. L. Jfesquita and D. B. Correa, Tetrii- 
hedro i i ,  22, 1777 (1966). 
H. D. Locksley, .A. J .  Quillinan and F. Scheinmann, J .  Chem.  Soc., Sect. C ,  3804 (1971). 
R .  11. Kupchan, J .  E .  Kelsey, 11. Jlarnyama, .J. 11. Cassady, J .  C. Hemingwaj- and .J. R .  
Knc,s: J .  Org.  Chem. ,  3), 3876 (1969). 
F. 11. Dean, J .  Goodchild, L .  E .  Houghton, .J. A. Martin, B. B. Morton, B. Parton, B .  W. 
Price and S .  Somvichien, Tefrahedrotz Left., 1153 (1966). 
P. .\rends and P. Helboe, A c ! ~  Chew. Sron. !  26, 1180 (1972). 


