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.iBsTR.\cT.-Fractionation and chromatography of the anti-tumor chloroforni 
portion of the ethanol extract of Isoconin wrigiiiii  led to  the isolation of the familj- of 
benzofurans: tosol (2S, 3R-2-isopropen~-l-3-h~-droxy-5-acet~-l-2~3-dihydrobenzo~i1ra~i~ 
f4 ) :  toq-1 angelate ( 6  I : tremetone i2~-isopropenyl-5-acet~-l-2,3-dihydrobenzo~~iran~ 
(lj : tiehydrcitremetone (31 : 2,5-diacetj-lbenzofuran ( 5 )  and tosethol J2F-isopropenyl- 
3R-h:,-drosy-5-1(1 ‘-ethosyethyl1-2,3-dih~-drobenzofuranj (i j . In  addition, a number of 
steroids, triterpenes, sesquiterpenes, monoterpenes, and hydrocarbons --ere isolated. 
The relative and absolute configurations of the natural 2,3-dihydrobenzofurans have 
been determined by chemical correlations, nmr analysis of the C-2, C-3 proton cou- 
pling constants, and an X-ray analysis of racemic cis-2-isoprop>-l-3-hydrox~--5-bromo- 
2,3-dihydrobenzofuran. The isomeric racemic irans-2-isopropyl-3-hydrosy-5-bromo- 
2,3-dih>-drobenzofuran was converted into racemic dihydrotosol. Racemic cis and 
t r a n s  2-methyl, 2-et hyl, and 2-n-prop~-1-3-h~-droxy-j-bromo-2,3-dih~-drobenzofuran n-ere 
synthesized and their ‘H nmr spectra, .particularly the C-2, C-3 coupling constants, 
are discussed. Toxethol was synthesized from toxol, and saponification of tosyl 
angelate gave tosol. Ozonolysis of cis and frans-2-isoproyl-3-h~-droxy-5-bromo-2,3- 
dihydrobenzofuran gave, respectively, fhreo and er~/iiro-2,3-dihydroxy-i-meth>-l- 
pentanoic acid: which were stereo-specifically synthesized. 

‘ h X l k  qickness.” a disease dreaded in the nineteenth century, n-as shon n to he 
due to the animal’s ingestion of Eupatorium rxgosum and Isocoma v r i g k i i  (1. 2 ) .  
The toxic principle was reported to be tremetol. an unsaturated alcohol (2-5). 
It nas  later found (6) that tremetol was not a pure substance but a mixture com- 
posed of a sterol fraction and a ketone fraction (7 ) .  Only the ketone fraction 
gave Couch’s ( 5 )  characteristic sulfuric acid color test for ”tremetol.” The ketone 
fraction n-as .eparated into three new benzofurans: tremetone (l), hydroxpe -  
metone (2), and dehydrotremetone (3). h t  about the same time. we reinvesti- 
gated ”rayless goldenrod tremetol” (5) and isolated from it a ketone fraction con- 
taining dehydrotrenietone (3) and a new benzofuran, toxol (4). The isolation of 
“tremetol” involves an intensive alkaline saponification, and we have nox  found 
that the non-saponified hexane and alcoholic extracts of rayless goldenrod con- 
tain the related benzofurani 2,S-diacetylbenzofuran (3), toxyl angelate (6), and 
toxethol (7) .6 Careful chromatographic techniques have revealed that rayless 
goldenrod also contains tremetone (1). 

~~ 

‘This plant was formerly known as Hoplopappus (Ap lopappus ) .  heterophyl lus .  See D. S. 
Correll and hI. C.  Johnston, “Manual of T-ascular Plants of Texas, ’ Texas Research Founda- 
tion, Renner, Texas, 1970. 

*Preliminary accounts of some of this work n-ere presented as follows: L. H. Zalkow, J. R .  
Sovak,  *Jr., B .  Ekpo and R .  S.  Harris, 111,28th Southeast Regional Meeting, hmerican Chemi- 
cal Society, Gatlinburg, Tenn., Oct. 27-29, 1976. L. H .  Zalkow, J. R .  Sovak ,  Jr . ,  B. Ekpo 
and R.  S.  Harris, 111, 18th Annual Meeting, American Society of Pharmacognosy, Seattle, 
Washington, August 11-13, 1977. 

3;1 portion of this work appeared in a preliminary communication (39). 
iTo whom inquiries should be made. 
jTaken in part  ironi: J .  R .  Sovak,  Jr . ,  Ph .D.  Dissertation, Georgia Institute of Technology, 

Atlanta, Georgia, 1977; E. Keinan, Master’s Thesis, Ben-Gurion University of the Segev, 
Beer-Sheva, Israel, 1972; L .  T .  Ranming, Master‘s Thesis, Oklahoma State Universit?-, Still- 
water, Oklahoma, 1963. 

W e  have coined the trivial name toxethol for T to maintain consistency with the trivial 
name toxol for 4.  
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13 
(1) R = H  (3)R=CH2, R ' = H  (4) R = H  
12) R = O H  ( 5 )  R = O , R ' = H  (6) R =  0 

(8 )  R=CHg, R ' = O H  I 1  
= l 4 / C H 3  

" 
(9) R=COCHs 

( 7 )  R = H ,  R ' = C H * C H $  
(10) R=COCHs, R ' = H  
(11) R=COCH-,  R ' = C H % C H j  

While none of the above-mentioned benzofurans have been implicated as the 
causative agents of "trembles" in higher animals, some of them show biological 
activity. Toxol (4) and dehj-drotremetone (3) are bacteriostitic against a number 
of bacteria (8) : and tremetone (l), dehydrotremetone (3) ,  and hydroxytremetone 
(2) are toxic to goldfish (7). A recent investigation shon-ed that "v-liite snake- 
root tremetol" causes ketoacidosis in chicks (9). The chloroform fraction of the 
chloroform-water partition of the ethanol extract of rayless goldenrod s h o ~ ~ s  anti- 
tumor activity against P3S8 lymphocytic leukemia tumors.5 Toxol (4) and tox? 1 
angelate (6) show n eak antitumor activity in this 

Until recently. benzofurans comprised a very s up of natural product.. 
The first member of this group to be reported was euparin (8) ,  (G-hydroxyde- 
hydrotremetone) from ~ p a t o r i u m  purpi~rem (10). A recent compendium of 
natural products (11) cl fied these simple benzofurans into tu-o separate groups : 
the C6Cz compounds ( iniate derived) i.e. tremetone (l), dehydrotremetone 
(3), and toxol (4) and the phloroglucinols (polyketide derired) i.e. euparin (8) and 
11)-droxytremetone (2). This divicion appears to be unjustified since the only 
biosynthetic study of this family thus far reported ha. shou-n that the acetophenone 
moiety of dehydrotremetone was derived from acetate via the polyacetate pathway 
(12). expected. the furan ring and its side chain v-ere formed from an iqo- 
prenoid compound. Recently. benzofurans of this type u-ere found to  occur more 
commonly than preriously suspected in the Conipositae family, and approximatel>- 
forty buch compoundG are now linon n (13-31). 

S) nthesis of the benzofurans such as deli>-drotremetone (3) which contain a 
double bond at C-2, C-3 has not posed much difficulty (32-34). Synthesis of 
2.~3-dihydrobenzofuraii~ such as tremetone (1) a1.o seems to be readily accom- 

'Screening by S C I  of the Sa t iona l  Institutes of Health.  
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plished (35, 36). On the other hand, .ynthesis of 2.3-dihydrobenzofurans con- 
taining an oxygen substituent at C-3, such as tosol (4), has not appeared in the 
literature. HOTT ever, the cloqely related cis and traizs dihydrotoxols have been 
synthesized (3'7). Relative stereochemical abqignments in the 2-oxygenated benzo- 
furans of the tosol (4) group have been largely based on examination of the C-2. 
C-3 proton coupling conitants in their nnir spectra (13-31). The absolute con- 
figuration of tremetone (1) and tosol (4) at C-2 is based on chemical correlations 
n i th  rotenone and methyl D(+)  malate (%), vhile the abqolute configuration of 
tosol (3)  at C-3 1s based on an X-ray analJsis and a chemical degradation of a 
synthetic intermediate (39). Further details of the>e ztereochemical assignments 
are discussed later in this paper. S o  other independent absolute configurational 
Studieq of thi. family of benzofuranq have been reported. 

Rayle-- goldenrod ( I .  i, rightii)  ha- been an unusually rich .ource of -econdar!- 
plant metabolite. of diver-e structures. Tliuz, in addition to the abore mentioned 
benzofuran<, the novel yteroids 3oc-aiidroatane-3~.lGcu.lTcu-triol (40) arid stigmasta- 
\(]A) .2-dien-38-ol (41) n ere iqolated, and n e have n o ~ i  identified stigmasta-5.2- 
dien-39-ol arid stigmasta-S(l-l)-en-&3-o1. From the hexane extract, 11-e have 
identified the triTerpene< friedelin, friedelan-;3~~-ol(42). friedelan-3/3-01. and squalene 
and the diterpene phj-tol. I n  the .equiterpene family n e  have found the rela- 
tively conimori $-car? ophj Ilene and $-carj-opliyllene oxide and the highly unuqual 
i-oconiene (12) (4.3). modhephene 113) (44).  and the tetraliydronaphthalene 14 (45 1 .  

I,?:oconiene and modlieplie~ie repre+iit iie\T- se~quiterpenoid ekeleta. n-hile 14 i.5 li 
norc1rim:ine se-quiterpene (C',,). .Iniong the monoterpenes. n-e hare  identified 
i +) limonene, ( - ) carvone: ( - )  borneol. arid bornyl acetate (45). The hexane 
extract of ra\-leas goldenrod J-ielded a complex 11)-drocarbon fraction. Aftrr 
chromatography non:~co.-ane, Iieiiitriacontane. and tritriacontane n-ere isolated. 
m d  sevmd other. n-ere tentativelj- identified by glc. -4rnong the fatty acids. 
.stearic acid was isolated. Hexanoic. octanoic, lauric. myristic. palmitic. t m r l  
linoleic :tcid were identified b ~ .  glc of their niethj-1 e.?ters. Finally. a famil!. or 
fatty alco1iol.s has been isolated but not >-et completely characterized. 

DISC' P SS IO S 
The benzofuraii. deli\-drotreiiirtoiie (3 ) .  toxyl aiigelate (6): 3.5-diacet!-lbeiizi.J- 

flll8.11 (5, , toserliol ( 7 ) .  and toxol (4) were i d n t e d ,  in tlie order given. bj- elironxi- 
I ogrnphy of tlie acid-free aqueou- nietliaiiol fraction on acid-wslied aluniin:t 
, activitj- grade 111). Tlii. fraction n ' a i  obtained as follon-5: The dried leave? 
:inc1 f lowx-  of I .  x'rigiiiii n-ere clefattcd wirh hexane. then extracted with 9 5 C ;  
r~tlianol. The lnrter extract. after removal of .solvent. n-a; partititoned betn-eeii 
chloroform and nater .  The cliloroforni fraction. after removal of solvent,. was 
I'urther partitioned between aqueou nietlianol (1 9) and hexane. The aclueou- 
nietlianol fraction. after removal o t h e  solvent, n-as disolved in ether. Thi- 
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solution was nashed n i th  cold 5% sodium hydroxide solution. Glc indicated, in 
addition to the above mentioned benzofurans (3-73, the presence of tremetone (1). 
Tremetone n-as isolated by the follo7ving procedure. The ethanol extract of the 
above-ground plant material, after initial defatting with hexane, was saponified 
with potassium hydroxide (-10%) in aqueous methanol (1 :I). The ether- 
soluble portion of thi. mixture ua. a “red jelly” analogous to  the original rayless 
goldenrod “tremetol” of Couch ( 5 ) .  

This “red jelly” n-as separated into ketone and non-ketone fractions using 
Girard’s T reagent. Glc of the ketone fraction showed three major components of 
increasing retention time in the ratios of 1.3:1:5.3. These components were iso- 
lated by chromatography on silica gel and identified as dehydrotremetone (3), 
tremetone (1) and toxol (4), respectively. Toxyl angelate (6) n-as most readily 
isolated from the original hexane extract of the above-ground plant material as 
follon-s. The hexane extract w i q  steam distilled and the ether-soluble nonvolatile 
residue was distributed between benzene and aqueous ethanol. The benzene 
fraction was washed u-ith a cold 5% sodium hydroxide solution and chromato- 
graphed on alumina (activity grade 11) and then silica gel to give toxyl angelate (6). 

The structure of toxyl angelate (6) mis surmised from analysis of ‘H and 
nnir spectra and its mass spectrum (see tables 1, 2 and 3) and confirmed by its 

TABLE 1. lH-Xmr data of the zsolated benzofurans.a - __ 

C ___ 
1 

3 

4 
5 
6 

S 
9 

10 
11 
12 
13 
14 

I 

(3) 

- 
6.6i ( 8 )  

8 . l i  (d,  2.0) 

i .93  fdd, 2.0, S . i )  
i.43 (d,  8.7) 

- 

- 

- 

2.22 (s) 

130  (3) 
a)  5.23 (bs) 
b )  5.83 (bs) 

- 

(5) 

- 
i .5 i  (E) 

8.35 (d, 1.7) 

8.13 idd, 1.7,g.O) 
i.62 (d,  9.0) 

- 

- 

5.27 (t ,  9.0) 
a )  3.08 f m )  
b )  3.36 (m) 
7.84 f m )  

7.84 :m) 
6.81 Id, 9.0) 

- 

- 
- 
- 

2 53 i d )  

1.76 (be) 
a )  5.09 (bs) 
b )  5.18 (bs) 

- 

I 5.05 (d, 3. i )  

1 8.02 id, 2.0) 

i -  6.88 (d ,  8.5) 
i . 8 8  fdd, 2.0, 8.5: 

- 
- 
- 

2.51 is:  

1.73 1s) 
a)  4.93 (b3) 
br 5 O H  (bs) 

- 

5.00 (d, 2.5) 
6.l i  (d, 2.5) 

8.04 (d.  2.0) 

7.93 (dd, 2.0, 8.5, 
6.89 (d, 8 . 5 )  

- 

- 

- 
2.4i (61  

1.i1 i s )  

- 

a )  4.90 (d, 1.0) 
b )  5.03 (d, 1.0) 
R =angeloyl 
1.98 fdq , i .3 ,  1.5) 
6.06 (qq ,  i.3,1.51 
l . i i  (dq. 1.5, 1.51 

5.09 (m) 
4.88 (m)  

7.32 ( m )  

7.24 (dd, 2.0. 8.5) 
6.84 id, 8 . 5 )  

- 

- 
4.40 (q,  6.5) 
1.40 (d, 6.5) 

1.76 i s )  
a)  5.09 f m )  
b )  4.88 (m)  
15) 3.32 iq, 7.0)  
16) 1.17 (t ,  7.0) 

- 

‘Spectra were run a t  99.95 MHz in CDCL solution using a JEOL PFT-100 instrument in FT  mode: chemical shift values 
are expressed in 6 values (PP31) relative to TMS. 

hydrolysis to the known toxol (4). Likewise, the structure of toxethol ( 7 ) ,  par- 
tially suggested from its spectral properties, \?-as firmly established, except for the 
configuration at  C-10, by its synthesis from toxol (4) as follows. Acetylation gave 
toxyl acetate (9), which on careful reduction m-ith KaBHA gave the hydroxj-acetate 
10. I n  turn, 10 was ethylated n-ith ethyl iodide and silver oxide to  give 11. 
Finally, saponification of the latter gave synthetic toxethol (7 )  identical by nmr 
and ir spectra ivith the natural material and having a similar plain negative ord 
curve. The structure of 2,5-diacetylbenzofuran (3) \vas readily arrived a t  when 
it was first isolated in 1963 by comparison of it. lH nmr and ir spectra with those 



7 
3 
4 

G 

- 
a 
- 
f: 
9 

10 
11 
12 
13 
14 

1% 4 ( s i c  
110 2 (di 
124 5 ( d ) "  
131 G ( S I  
121 4 (d) t  
102 5 id)  
128 4 i s )  
l5T 5 i s ) "  
196 3 i s )  
26 4 (4) 

131 9 i s )  
19 0 (q'i 

113 A ( t )  

152 8 i s ,  
113 1 (dr 

126 4 (s i  
124 3 (d)b 
111 8 (d)  
132 8 ( s i  
156 7 i s )  
195 4 i s )  

186 7 ( s i  

12; 5 (di'. 

26 5 (9)" 

26 3 (q)c 
~ 

9 4 . 3  (d)  
75.3 (d) 

131.7 i d ) h  
128.5 (si 
126.3 idIh  
109 4 (d)  
130 1 i s )  
163 5 i s i  

90.9 (d) 
76 3 ( d )  

132 5 id jb  

26 1 (9) 
139 G i s )  
1T G iq )  

113 1 i t )  

33.9 
130.31' 
1% 9 
124 8' 
108 3 
129 9 
163 3 
195 3 
26 1 

142 G 
1T 0 

111.9 

128 0 (dr 
109 3 Id, 
130 2 (sic 
158 6 (si 
77 l h  
23 0 (q 

141 1 i s  
1.i 2. 

"hpectra were run a t  25 hlHz in CDC1, solution using a JEOL PFT-100 instrument in FT 
b, e ,  d, e, as- mode; chemical shift values are expressed in 6 values (PPM) relative to ThIS. 

signmenrs may be reversed. 

of samples prepared by oxidation of dehydrotremetone (3). toxol (4). and toxol 
acetate (9). It was also synthesized from synthetic tremetone (1) prepared ac- 
cording to Bonner (36) by hydroxylation of the double bond and oxidative cleavage 
to give the diketone (38) and, finally, dehydrogenation n-ith 5% Pd on carbon. 
We n-ere surprised to  find that samples of isolated dehydrotremetone (3) standing 
under normal conditions in vial3 in the laboratory were oxidized to 2,6-diacetyl- 
benzofuran ( 5 ) .  This surprising result may arise from dehydrotremetone's acting 
as its own photosensitizer leading t o  a light-catalyzed ( 2 + 2 )  cycloaddition of 
singlet oxygen to  the isopropenyl double bond of dehydrotremetone and, finally. 
cleavage of this four-membered intermediate to give 2.6-diacetylbenzofuran and 
formaldehyde. 

TABLE 3. Major  peaks from the m a s s  spectra of the isolaled~ben-.ofitrans. 

1 
Compound 1 31-m e ~ Jl isr .  1 [JI--CH3] ~ 'MA-(CH3-C=O)] 1 [CH,-C=O-] 

218 (2SC:)  ~ m e 5 
187 55 

( 6 )  ~ 300 13%) 

I 
(7 J 248 (20Cc) 

185 14 ~. ~. 

163 34 
162 50 

m ' e  200 (3)e  
1 0 0 5  
m e 83 angeloyl 
9 0 5  
m e215 
i24c;;) 

m e 185 

m /  e 203 
(32CC I 

m l e  200-CH3 I m e 200- m e 4 3  
t i l  e 185 I CH,-C=O (585 I 
(80% 1 I m e 1 5 7  

IlRC,) 
m e 1200) 

1 (1005) , 
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In  table 1 we have tabulated the 'H nmr spectral data on the benzofurans iso- 
lated from I .  wrightii, and in table 2 we have tabulated the I3C nmr data on these 
compounds. These 'H data of these benzofurans are consistent n i th  those re- 
ported by Bohlmann et al.  (13-21) for related structures and, together, provide a 
rather complete set of data for these naturally-occurring benzofurans. The I3C 
nmr data in table 2 is the first such report. I n  table 3 we have tabulated the 
major fragments observed in the mass spectra of the isolated benzofurans. I n  
every case, except that of toxol, the parent ion or 1\I+-CH3 is the base peak or, a t  
least, a very large peak. The nis of toxol is thus unusual, and n e  are uncertain 
of the cause of the peaks a t  nzle 187 and 185. The base peak (m, e 200) in toxyl 
angelate (6) corresponds to the loss of angelic acid, as expected. 

Toxol (4) was originally assigned to 2S,3S configuration and, as mentioned pre- 
viously, the configurational assignment at C-2 was correlated n ith several com- 
pounds of knonn absolute configuration. The assignment a t  C-3 was based on a 
single experimental observation, namely, the ozonolysis of toxol to yield, sup- 
posedly, (+) tartaric acid (35).  A number of years ago TI-e reported the synthesis 
of racemic trails and cis-2-isopropyl-3-hydroxy-5-acety1-2,3-dihydrobenzofuran ( 3 7 ) .  
The isomer TT hich n as spectrally identical 17-ith dihydrotoxol n as assigned a cis 
relationship at C-2. C-3 based on the aboi-e-mentioned ozonolysis of toxol to (+) 
tartaric acid. This assignment led to an unexpected consequence. I n  synthetic 
dihydrotoxol and all of its precursors, the coupling constant for the vicinal C-2, 
C-3 protons \vas consistently smaller (J=3-4.5 vs 5-6 Hz) than in the isomeric 
trails beries, in apparent violation of the IZarplus equation. This anomaly led 
us to  reinvestigate tlie configuration of toxol a t  C-3. In a preliminary report (39), 
we presented the conclusion that the absolute configuration of toxol n a s  in fact 
ZS, 3R and. therefore. iraizs rather than cis a5 previously assumed. and there 71-as, 
therefore, no violation of the Iiarplus equation. This preliminary report was 
based on the X-rav analysis of the synthetic 2-isopropyl-3-hydroxy-5-bromo-2.3- 
dihydrotoxol (nip 112-113') (E) belonging to the series not related to toxol. At 
that time (19'72)), tlie X-ra? data n a s  not ne11 refined. K e  have non repeated 
the X-raJ- anal) sis using more sophisticated nieans as follon s. 

E p o x ~  cement \\-as used to  mount a cqs ta l  of (15) n i th  the appioxiniate di- 
nien.ions .45 x .45 s 23 nim on a glass fiber so that the longest crystal dimension 
n as approximately parallel to tlie fiber axis. The crystal n a. coated with epox) 
cement since an unprotected crj  sta1 decomposed in the atmosphere. Unit cell 
parameters and the orientation matrix nere determined on a Syntex P21 four 
circle diff ractometer equipped n ith a graphite monochroniator uqing M o K a  radia- 
tion. Unit cell parameters obtained nere a = 12.808(S)L$. a =  104.35(5)", andY= 
18C12(a)~$. The calculated densitj- of 1 3 s  g em-' for six formula units per unit 
cell agrees Jt-ith the experimental densit!- of 1.33 g cm-l measured by the flotation 
method using aqueouq zinc chloride. The crystal belonged to the rhombohedral 

Succesyful refinement 
of the structure confirmed t h i z  choice. Intensit! data were collected using e-20 
scan. 11 ith S-rai-  qource and monochroniator yettingq identical to those uqed 
tor the determination of the unit cell parameter\. From a total of 2121 unique 
reflections collected out to 28=50°. 193 were accepted a- <tatisticall\ above back- 
ground on the ba.is that F \\a. greater than 5 a(T). Computations TTere per- 
formed using standard programs (47). For structure factor calculations the 
Ycattering factor. \I ere taken from Cromer and Manii's tabulation (48). The 
agreement factorq n ere defined in the usual 11-ay as 

, tem. and space group R3 ( S o .  148) (46) ua'  assumed. 
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R= (Z FoI-1Fc1 I )  (Z ) 

R, = [Z (  F, -IFci)(~~12)  Z(lFo )(w")] 
and 
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In all least-squares refinements, the quantity minimized was if-( iF,1-lF,~)2. -4 
neighting scheme based on counting statistics v-= 1.00 (u(F)?+.O1 F2) was eni- 
ployed for calculating R, in the least-squares refinement. The structure \vas 
solved using the automatic centrosymmetric direct methods section of SHELX-76. 
The E-map generated b>- this program contained all non-hydrogen atoms except 
the isopropyl group. The carbons in the isopropyl group were located from a sub- 
sequent difference Fourier synthesis. Hydrogen positions were calculated using 
the capabilities of the SHELX-76 program. Carbon-hydrogen bond lengths 
nere fixed at  l .oSx,  the hydrogen temperature factors were varied. and the hy-- 
drogen positions were recalculated before each cycle of refinement. The final 
parameters varied included an overall wale factor, positional parameters for the 
oxygens and carbons, anisotropic thermal parameter, for the oxygens, and bro- 
mine and isotropic thermal parameters for the carbons and hydrogens (SO vari- 
ables; 793 observations). The final R factor \vas .lo2 and R, = .113, full-matrix 
least-squares refinement. 

Table 4 shows the coordinates of the oxygen, carbon, and hydrogen atoms. 
Figure 1 shon-q a computer-generated picture of the molecule, clearly indicating 
that thi. material (m.p. 112-113") is cis-2-isopropyl-3-hydrox~--5-bromo-2,3-di- 

TABLE 4.  Coordinates of the a toms  (standard detzatzons are zndicated in  
parentheszs and refer to the last decimal place) .  

Atom S c 2 2  1 c 3 3  

BR 
01 
02 

Atom x T 1 2 L- 

HClO 
c11. .  
H C l l  
H C l l  
H C l l  
Cl?  
HC12 
HC12 
HC12 

I 
U23 1 L13 ~ U12 

0 2 6 ( 2 )  1 .015(1) ,06312) 
032 5 )  039i6) 025f5) 
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ducts tcixol (4). toxj-1 angelate (6) and toxethol ( 7 ) ,  and their derivatives (9). 
(10) and (11). Unfortunately in the cafe of tosethol ( 7 )  the chemical *hift of one 
of the olefinic protons overlapped that of the C-2 proton, while the other olefinic 
proton overlapped that of the C-3 proton in a way that n-e could not unequivocally 
determine J213 from our spectra. However, we could estimate a maximum value 
of Jl13-3  Hz. and the correqponding acetate (11) and derivative (10) clearly 
showed values of We a1.o prepared a serie. of 2-alk;\-1-3-liydroxy-.5- 
bromo-2.3-dihydrobenzofurans (22-27). AS can be seen from table 5 ,  all of the 
cis and traizs isomers are clearly distinguishable in each caqe by their difference. in 

On this basis the natural products toxol (4), toxyl angelate (6) and tosethol 
(7) 11-ere determined to  be trans.  

Chemical bupport was obtained for the btereochenlical assignments of the 
synthetic isomeric racemic 2-isopropy1-3-h~-drosy-~-bron~o-2,3-dih~-drobenzofurans 
1.5 and 16 as follons (see figure 2 ) .  Ozonolysis of the isomer of mp 112-113" (15) 
yielded threo-2,3-dihydroxy-4-metliylpentanoic acid (28), n hereas ozonolysis of 
the isomer of mp 44.5-45' (16) gave the corresponding evythro acid (29). The 
nmr spectra of the crude ozonolysis products from isomeric 15 and 16 clearly 
showed that in the former case only threo 28 n a.; produced while in the latter case 

of 3 Hz. 

Os04, A&104 T oso4,  A&104 T 
H H 

(2) 

(30) 
FIG. 2. Relatice cori.i'igiirations of the 2-isopropyl-6li~drox~-5-bromo-d,S-dih~drobe~ie~f~~rans. 
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only erytlaro 29 was formed by adding the isomer not produced in the ozonolysis to 
the nmr tube to  show that it could be detected in small amounts, Glc analysis also 
showed that each ozonolysis produced a single acid product. The authentic 
samples of racemic tizreo (28) and erythro-2,3-dihydrox~--4-methylpentanoic (29) 
acids were prepared by stereospecific cis hydroxylation of trans-Pmethyl-2- 
pentenoic acid (30) and cis-4-methy1-2-pentenoic acid (31), respectively, as illus- 
trated in figure 2 .  While tlweo and erythro 2,3-dihydroxy-4-methylpentanoic acids 

F02CH3 

f H 2  
Me0 4 HO-C-H I 

C02CH3 

0 0  

'0 
tremetone (1) methyl D- (+)-malate Rotenone 

(- )dihydrotremetone toxol (4) toxyl angelate (6) 

dihydrotoxol toxethol (7) 

racemic (16) (15) X-ray analysis 
of racemic 

FIG. 3. T h e  absolute configuration of toxol and i t s  congeners. 
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ivere prepared b\. stereospecific syitliweu, their iimr spectra further confirmed the 
configurational assignments. Thus. the averaged spectrum (in D20) of 28 (pre- 
ferred conformer indicated in figure 2 )  showed J2,3=2 Hz while that of 29 (pre- 
ferred conformer indicated in figure 2 )  showed Jz,3=5.5 H Z  at' room temperature 
as expected for the threo and e r y t h o  isomers, respectively. 

The one final inconsistency in this story of the configuration of toxol and re- 
lated substances at  C-3 remains the reported isolation of (+) tartaric acid in the 
ozonolysis of toxol (38). We recently attempted to repeat this experiment, but, 
due to the short supply of natural toxol, we began with the more abundant toxyl 
angelate (2 .5  g), which was hydrolyzed to give toxol (1.8 gj. The toxol was then 
ozonized as previously described (36) .  This time: we could detect no tartaric 
acid in the ozonolysis product based on nmr and hplc analysis by comparison with 
an authentic sample. I n  addition, 11-e could not detect the presence of any of 
the possible precursor 2-keto-3,4-dihydroxypentanoic acid. Thus, we must con- 
sider the original report of the formation of (+) tartaric acid as an unexplained 
erroneous result. Figure 3 summarizes the absolute configurational relationship 
of toxol and its congeners. 

EXPER131ESTAL8 
ISOLATIOS OF DEHTDROTREMETOSE (3),  TOXTL ASGELATE (6), ~,~-DIACETTLBEKZOFURAS ( 5 ) ,  

TOXETHOL : 7 ) ,  ASD TOXOL (4) .-The above-ground parts of rayless goldenrod ( Isocoma wrightii 
(Gray) Rydb.j  were collected in the vicinity of Artesia, Xew Mexico, in October 1968. The 
material was air dried, ground, and stored in sealed bags until extracted in 1974. Twelve kilo- 
grams of the plant material were extracted with 19 liters of hexane in Soshlets for 2 days. 
Removal of the hexane with a rotary evaporator gave 250 g of extract (fraction A ) .  Extraction 
of the marc in a similar manner n-ith 95% ethanol gave 275 g of ethanol extract (fraction B) .  
Fraction €3 n-as partitioned between chloroform and x a t e r  ( 2  liters each). The chloroform 
layer was washed with a saturated brine solution then dried over anhydrous sodium sulfate. 
The chloroform m s  then removed in ituciio to give a greenish-brown t a r  residue (205 g) desig- 
nated fraciion C.  Fraction C was partitioned between two liters each of hexane and aqueous 
methanol :1:9). The hexane layer vas concentrated to  a green syrup 135 g)  and designated 
fraction D. The aqueous methanol layer was concentrated to 0.5 liter and then one liter of 
water was added. A4fter the addition of salt t o  prevent an emulsion, the mixture n-as extracted 
n-ith two liters of chloroform. The chloroform extractive %-as dried over anhydrous sodium 
sulfate, filtered and then evaporated vacuo to give 163 g of a dark brown t a r  designated frac- 
tion E. Fraction E was dissolved in 1.5 liters of ether, and the resulting solution was extracted 
with three 300 ml portions of ice cold 5yc sodium hydroxide solution and then with a like amount 
of distilled water. The ether solution was dried over anhydrous sodium sulfate and filtered. 
After the ether was removed, there remained a viscous greenish-brown s?-rup (23.5 g) (fraction 
F). Glc (I?', 5s SE-30 column at 175') indicated fraction F contained dihydrotremetone (3),  
tosyl angelate (61, 2,5-diacetylbenzof~iran (51, toxethol ( 7 ) ,  tosol (4), possibly tremetone (l), 
and a number of unknown constituents. 

Chromatography of fraction F (22.1 g) on 1680 g of acid-n-ashed alumina (activity grade 111) 
gave in the hexane-benzene (2:3) eluent, first, 0.57 g dehydrotremetone (3) and then 0.28 g 
toxyl angelate (6) (physical and spectral properties are given below). Elution with hexane- 
ether (1:l) gave 1.1 g of a red-brown solid. The glc of this solid showed a 1:l ratio of 2 , s  
diacetylbenzofuran ( 5 )  and tosethol (7). These two substances (t5 and 5 )  were separated by 
further chromatography on 100 g of acid-nashed alumina (activity grade 11). Elution with 
chloroform gave 0.32 g of >95Tpnre 2,5-diacetylbenzofuran ( 5 ) .  Further elution with chloro- 
form gave 0.31 g of tosethol ( 7 ) .  Elution of the original column of acid-washed alumina (ac- 
tivity grade 111) with chloroform-ethyl acetate (9:l) gave 4.65 g of a brown oil. The glc of the 
oil indicated two components in a ratio of 85:15. On rechromatograph?- of this fraction on 500 
g acid-wished alumina (activity grade 11), both components were again eluted together with 
hexane-ethyl acetate (4 : l ) .  After the minor, more volatile, component was removed by short  
path distillation at 110-120') 0.18 mm, almost pure (90-95s by glc) tosol (4)  remained. 

jh1 .p . '~  &-ere taken on a Kofler hot stage and are uncorrected. I r  spectra were recorded 
with a Perkin Elmer 237 B spectrophotometer. 'H nmr spectra were obtained with a T-arian 
.I-GOD or TGO spectrometer, except where otherwise indicated, with MerSi as an internal stand- 
ard (6 0 ) :  l3C nmr spectra n-ere run on a JOEL-PFT-100 F t  spectrometer. Mass spectra were 
run on a Hitachi RlIT--i spectrometer: gas chromatography was done with a F t l l  Biomedical 
gas Chromatograph, model 402; and ord spectra M-ere recorded using a Jasco ORDCV-5  
instrument. 
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DEHYDROTREhlETOiXE (3).--Mp 84-85' (from hexane); rpt. mp 87.5-88.5" (7); glC 1<t=5,3 mill, 
GI x 5yo SE-30 glass column a t  170"; vKBr 2955, 2925, 1675, 1595, 1565, 1370, 1310, 1275, 1245, 
1165, 925, 840, 820 cm-I; A95'5 EtOH 254 (4.57), 282 (4.261, 285 (4.22), 294 (4.15), 310 nm (log 
€3.67);  'H nmr-see table 1; I3C nmr-see table 2 ;  mass spec-see table 3. 

TOXYL ANGELATE (6).-Bp 120-130"jO.l mm (air bath) ,  sample purified by hplc on a size B 
EM Reagents silica gel GO column; HI 0.86, tlc on Eastman chromatogram 13181 silica gel sheet 
developed with ethyl acetate-hexane (1:l); glc Rt=24 min, G' x %I1 5yG SE 30 column a t  170"; 
Calc. for CI6H2oOa: C, 71.98, H, 6.71. Found: C, 72.38, 72.31, 72 .25;  H, 7.08, 7.07, 7.09; vfilm 
1715, lG80, 1645, 1610, 1300, 1295, 1265, 1230, 11% cm-l; ord (C, 2.31; CHCls): [@]5ss=-311.7, 
[+];b~= -363.6, -467.3, ;p].ijo= -675.3, [9j400= -961.0, [$]:ja= -1506.5; [~r]W-114.7 (C, 
4.62, CHCls), by polarimeter; 'H nmr-see table 1; 

Saponification of toxyl angelate with 8% ethanolic potassium hydroxide gave toxol in the 
neutral fraction, identical by glc, ir, nmr, ord with an authentic sample. 

6.6 min (same conditions as listed for dehydrotremetone); vCHC1, 1680, 1630, 1570, 1365, 1305, 
1280, 1160 cm-'; XEtOH 253 (4.61), 286 nm (log e4.28); 'H nmr-see table 1. nmr-see table 2 .  
Mass spectrum-see table 3. 

Salicylaldehyde was converted into 
2-acetylbenzofuran, as previously described (49): yield 45Fo, mp TO-Tl", rpt. mp 72-73" (49). 
Treatment of 2-acetylbenzofuran with methyl magnesiuni iodide, as described by Bonner et ui. 
(35j, yielded 2-benzofury1-2-propano1, R-hich %-as then hydrogenated with W-2 Haney nickel 
catalyst to  give 2-(2,3-dihydrobenzofur~-l)-2-propanol. The la t ter  was acj-lated with acetic 
acid and trifuoroacet,ic anhydride to  give 2-(2,3-dihydro-~acetylbenzofuryl)-2-propyl acetate, 
mp 95', rpt. mp 95-90' (35), in overall yield of 30%. The la t ter  acetate was pyrolyzed at 330' 
according to  Bonner's procedure (36) to give racemic tremetone in quantitat,ive yield. Syn- 
thetic racemic tremetone was converted, as previously described (38), into 2,&diacety1-2,3- 
dihydrobenzofuran with 40% yield. Ai mixture of 0.176 g of 2,&diacetyl-2,3-dihydrobenzofuran 
and 0.35 g of 5% P d  on carbon was sealed, under vacuum, in a heavy walled tube m-hich was 
heated a t  215-220" for 1.5 hr. After cooling, the contents of the tube were dissolved in acetone, 
and the catalyst was removed bl- filtration. Evaporation gave 0.085 g (50% yield) of a solid 
which, after recrystallization from methanol, was ident,ical w-ith natural 2,5-diacetylbenzofuran. 

nmr-see table 2 ;  mass spec-see table 3. 

2,j-DIaCETnLBE~ZOFURaS ( 5 )  .-hip 139-140" (from AIeOH), rpt mp 139-10" (8); glC R,= 

2,5-Diacetylbenzofuran %-as synthesized as follows. 

TOXETHOL (7).-Bp 11&125"/0.1 mni (air bath) ;  H,=5.5 min, 6 '  x %I' 3% 01 -17 glass col- 
umn a t  175"; Calc. for CloH2C03:  C, 72.55;  H, 8.12. Found. C, 72 .25 ,  H, 8.52; vfilni 3375, 1615, 
1485, 1240, 1100, 1065, 1020, 900, 820, 760 cni-1; A9& EtOH 291 (3.31), 285 (3.36), 229 nm (log 
t 3.78). ord (C, 1.32, CHCld:  Idloss= -47", IQ].~O= -66", Idla~0=-94", Idlr0o=-132", r d l r a b =  . .  , .. . 
-2076,'[+]3b0= -443";'" nmr-see table 1; I3C-see table 2 ;  mass spec-see'tab-le 3. 

Toxol acetate (9) was prepared 
from toxol (4), as previousli- described, (8) with 96% yield. I t  had the follox-ing physical 
properties: vfilm 1740, 1680,"1610, 1225-1275 (br); h(CDC1S): 1.77 (3 H,s) ,  2.11 (3 H,s) ,  2.56 
(3 H,s) ;  mass spec nz/e  200 (Al-, -lye), 200 (33%), 185 (44y0), 157 (lGYo), 43 (100%). 

The 
reaction mixture a a s  stirred a t  0" for 1 hr and then n-orked up in the usual n-ay. The nmr of 
the resulting 470 mg of a colorless oil indicated >95yo of t,he desired hydroxyacetate 10. Rp 
125-130"/0.12 mm (air bath) ;  glc R t = 4 . 3  min, 6 ' s  XI1 5% SE-30 column a t  200"; vfilm 3400, 
1740, 1615, 1490, 1235, 1020, 825 crn-'; A95Cj, EtOH 292 (3.50), 285 (3.58), 220 nm (log E 3.87); 
G(CDC13): 1.47 (d, 3 H,  J = 7  Hz) ,  1.75 (s, 3H),  2.10 (s, 3 H),  5.01 (m, 3 H) ,  6.13 (d, 1 H,  J =  
3 Hz);  mass spec ni l e  262 (?l+! lo%), 202 .(GIYo), 187 (5l%), 184 (487,), 43 (1>0%). 

A mixture of freshly distilled ethyl iodide (2 .5  ml), hydroxyacetate (a0 gm), and silver 
oxide (132 mg) was stirred a t  65' for 3 days. The mixture was cooled and chloroform (5  nil) 
was added. The solut,ion %-as t,hen filtered, washed successively with aqueous sodium thio- 
sulfate and water, and dried over magnesium sulfate. \F7hen evaporated, this solution yielded 
a pale yellow oil (53 mg).  The 'H nmr of the oil indicated a mixture of desired ether 11 and 
starting materia! 10 in a ratio of 3:2. Chromatography on silica gel gave the desired 11 in the 
hexane-ether (13:2j eluent. I t  had the follom-ing physical properties: vfilm 1740, 1620, 1235, 
1115, 1025, 825 cni-1; 6(CDC13) 1.18 (3 H, t ,  J = i  Hz),  1.41 (3 H, d, J=7  Hzj,  1.79 (3 H,  bs), 
3.37 ( 2  H, q, J=7 Hz),  4.38 (1 H, q, J=7  Hz) ,  5.03 (1 H, bni), 6.18 (1 H, d, J = 3  Ilz); exact 
mass Calc. for Cl;Il,pOa: 290.152, found: 290.153; nt/e 290 (AI+, ls,), 230 (SO%), 215 (91%), 185 

Hydroxy acetate 11 (61 nig) rras added to  a solution of methanol (2 ml) and 3 s  sodium 
hydroxide (0.25 ml). The entire solution was heated a t  reflux for 1 hr, cooled to  room tem- 
perature, diluted with brine (10 ml) and then extracted with ether. When q-ashed Ti th  brine, 
dried over magnesium sulfate and evaporated, the solution yielded a pale yelloB- oil (52 mg) ; 
the iH nnir of the oil indicated it was -957, pure toxethol (7). Distillation gave 50 mg of 
synthetic toxethol, bp 113-120"/0.12 mni (air bath) .  The iH nmr and ir spectra of The synthetic 
and natural toxethol w-ere essentially indistinguishable and the mass spectra and ord curves 
of the tn-o were similar but different in relative magnitudes. The la t ter  differences coiild be 

Toxethol (7 )  was synthesized from toxol (4) as follows. 

To 467 mg of toxol acetate in 5 ml of methanol a t  0' was added 34 mg of NaBH4. 

(49%), 43 (100%). 
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due to inst rrimeii'al variation or, more probablr.  t o  the presence in the synthetic tovethol of 
the dla9tereomer, which differed from the natural iwnier in configiiration a t  the chiral center 
bearing the ethoxyl grolip. 

TmoL 14~.-1Ip 52-53' (from ether-petroleum ether):  hp 110"~0.05 mm: glc R,=8.6 min, 
6 '  x ;in 5 5 ;  SE-30 glass column a t  170': vCHCI, 3150, 1670: 1660,1610 cm-1: ord (C, 2.41, EtOH) :  
'&jig= -50.0". TC;,,-,= -63.6', T&lanr,= -90.8", '&!:jo= -110.8', [4],:~=254.4', [@]160=449.7~: 'H 
nnir=see table 1;13C nnir=see'table 2: niass'spec-see tahle 3. 

(TREMETOL) ASD ISOL.\TIOS OF TREMETOSE (1) .-The 
ethanol plsnt extract (193 g)  fraction B, n-as dissolved in l..5 liters of 50% aqueous methanol 
containing 105 g of potassium hydroxide. .Ifter the solution was refluxed for 48 hrs., most of 
the nietlianol R-as removed with the water aspirator. The resulting solution was diluted with 
1 liter of water and then continuously extracted with ether for 48 hrs.  Drying over anhydrous 
sodium siilfste and evaporation of the solvent gave 7.4 g of "red jelly." The "red jelly", (4.5 g) 
was dissolved in 50 ml of methanol containing 4 g of Girard's T Reagent and 1 ml of acetic acid. 
This solution n-as refluxed for 1 hr.  .Ifter heing cooled, the solution was poured into 10% 
sodium carbonate f50 ml) and then extracted v-ith ether. After drying, the  ether layer gave 
3.fi g of the non-ketone fraction on evaporation. Scidification of the aqueous layer t o  pH2, 
extraction n i t h  ether, drying, and evaporation gave 0.9 g of the ketone fraction. Glc analysis 
fG '  x ?i" 5'; SE-30 glass column a t  170') shon-ed three major components a t  R t  5.3, 6.3, and 8.6 
niin in a ratio of 1.3:1:5.3, Chromatography of the  ketone fraction on silica gel gave the com- 
pound of Itt=5.3 min in 10% ether in benzene eluent. It n-as identified as dehydrotremetone 
13). Further elution n-ith this solvent gave the component of l?,=6.3 niin which was identified 
as trenietone (1') (see belom- for properties). Finally elution R-ith 30% ether in benzene gave 
the component of R,=8.6  min, n-hich  as identified as toxol. 

TREMETOSE (1: .-Alp 38-39' (from ether-benzene) : Calc. for CllHI402: C, 77.20; H, 6.98: 
Funnd: C, 77.15: H, 7.01: glc R t=6 .3  min (conditions above): vCC1, 1672. 1605) 1265, 1230, 905 
?:I-': AEtOH 226 13.941, 279 13.90), 286 nm (log e 3.90): ord (C, 0.89: E tOH) :  [ @ ] j g ~ = - 7 6 ~ ,  

= -126', [+]:o= -172", [plr:i ,= - 2 8 i c ,  [+]w= -609": 1H nmr-see tahle 1; 
: mass spec-see table 3. 

PREPARlTIOS O F  THE "RED JELLY" 

THE SOS-KETOSE FR.iCTIOS. ISoL.%TIOS OF PHYTOL, HESTRI.lCOST.\SE, SQTALESE, STIGJIISTA- 
8( l i i ,22-DIES-33-OL, 8TIC , \ l .~~T .~-5 ,22 -n IES-33-OL,  STIs\f.%sT.~-8il4)-ES-3B-oI~.--A temperature- 
programmed glc study of the non-ketone fraction of the "red jelly" indicated tha t  i t  was a 
complex mixture separable into low and high hoiling components. The non-ketone fraction 
134 g1  as chromatographed on 1Ierck acid-m-ashed alumina (activity grade I, 380 g). The 
benzene eliient (1.1 g )  was shown by glc to contain predominantly one component. Rehcro- 
matograph>- on 1Ierck acid-n-ashed alumina (activity grade I )  gave phytol in the benzene 
eluent n i t h  the same spectral properties as previonsl5- described 150). Glc Rt=11.5 min (4' x 
fi" 3 7  SE-30 on 100 120 Gas Chrom Q. Program of hold a t  150' for 8 min, programmed to rise 
a t  20" 'min to 245' and hold a t  245' I :  vCHC1, 3100; 2935, 1650, 1460, 1380, 980 cm-'; B(CDCI3) 
0.83 13 H.  d. J = i  H Z I ,  0.84 16 H .  d, 1.30 (18 H. b) .  1.65 (3 H ,  s) ,  2.00 14 H: m ) ,  1.19 (2 H ,  bd),  
5.13 i l  H, m ) :  niass spec 172 ' e  296 N L j  l%'i, i1 11005). 

The hexane eluent from the chromatograph>- of the non-ketone fraction gave a 2 g fraction. 
Glc fccilunin and program as mentioned ahove.1 of the fraction indicated the presence of three 
niajor components v-ith Rt=15,6: 16.5 and 19 min. respectively. Fiechromatography on hlerck 
acid n-ashid alumina (activity grade I ~ gave the two components of R ,  16.5 and 19 min in the 
first hexane eluent. Rechromatography on the same type of alumina (ratio of alumina to 
material 255:l) gave the component of lonpwt R ,  in one of the hexane eluents. -4 final chro- 
niatoerauhr n-ith a ratio of alumina t o  siihstrate of 515:l rielded this material analvticallv 
pure 1; <-as identified as hentriacontane bx- the follon-ing spectral and physical prbperties 
(51 glc E 1 = a . 4  niin (GI x li". 3 5  01- 17 glass column a t  290". mp 66-68". rpt. mp 67" (52): 
vcc1, 2950. 2'430. 2850. 1460. 1255, 1095 and 1015 em-' mass spec n7'e 136 (?\Ic, 4 5 ) ,  57 (100%). 
1Iass spectral and glc studies were used t o  confirm the str<ictnre of hentriacont'ane iCs~Haa) 
using authentic samples i.Ipplied Sciences Lahoratory 8: Cheni. Sample Co.) of triacontane 
IC:,HF?J and dotriacontane IC:?HrP). Tae of mixed injections shon-ed tha t  hentriacontane 
fell between the two unknon-ns in R t .  The mass spectra comparisons clearly showed tha t  the 
iiiiknom was a straight chain hydrocarbon containing one more CH, group than triacontane 
and one less than dotriacontane. 

Fnrther elution with hexane from fhe  column which yielded hentriacontane gave the  com- 
ponent wiih the original R+= 15.6 miii. .liter rechromatography on alumina, this material 
wgs obtained piire 1glc) and was identified as sqnalene hy coniparison of i ts  spectral properties 
w t h  those reported ( 5 3 .  Thej- --ere RS follon-s: 6:CDCI;): 1.60 124 H, E,  methyls), 1.98 (20 
H. hs,  niethylenesi: 5.10 16 H, bni: olefin pro tons) :  niass spec: 717 'e 110 (AI+, 2$),'81 (100%). 

THE STEROL FR icTIos . -Th?  cliloroforrn eliient of the aliiniina chromatography of the 
ilriginal non-ketone fraction was foiind h>- glc to  contain three major high molecular weight 
compounds 1R,=19.i, 20.4 and 21.4 min, 6' x 1;" 5s SE-30 column a t  285"). Rechromatog- 
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raphy on Rlerck acid-R-ashed alumina (100:lj gave, in the chloroform eluent, the unseparated 
three high molecular n-eight compounds free of low molecular weight contaminants. Further 
chromatography of the latter on (activity grade 111) Merck acid-washed alumina (1OO:l) 
gave t'he component of Rt=20 rnin in the benzene eluent. I t  was identified as stigmast-8(14), 
22-dien-36-01 bv the following physical and spectral properties (41): glc Rt=20.4 min (column 
above), 6.3 m h  (5 'x  %", 1.5% Or-101 column a t  285"); mp 164-1155', rpt mp 16&166 (41j: 
uCHC1, 3600, 2950, 2865, 1460, 1375, 1145, 975 cm-l; 6(CDC13j 0.55 (3 H, SI, 0.80 (3 H, s), 3.62 
(1 H, bm), 5.09 (2 H, m ) :  mass spec 412 (MA, 3%j, 43 (10070). 

The other two high molecular compounds were not separable by chromatography on 
alumina, silica gel, or silica gel impregnated with silver nitrate. A fraction which showed the 
three components by glc on the 5% SE-30 column mentioned above showed four components on 
a 6' x W "  3Y0 OV-17 column a t  290" with Rt=14.0, 16.3, 18.4 and 20.1 min. The component 
with R t =  16.3 min was identified as the above-mentioned stigmasta-8(14),22-dien-3P-01. Prepa- 
rative glc on the last-mentioned column gave the components of R,=14.0 min and 18.4 min, but 
the component of Rt=20.1 could not be obtained in sufficient quantity for good spectral an- 
alysis. The component of Rt=14 min was identified as stigmasta-5,22-dien-3B-ol by com- 
parison with an authentic sample (Aldrich Chemical Co. 5440-9). It had the following physical 
properties: mp 168-170; mp of authentic sample 170", mixed mp 168-170"; uCHC1, 3600, 2965, 
2875, 1460, 1380, 1030, 974 ern-]; B(CDCla), 0.70 (3 H, s) ,  1.01 (3 H, ,s) ,  5.09 (2 H, b),  5.35 (1, H, 
b ) ;  m/e  412 @I+, 177,), 55 (l00%r,). The component of R,=18.4 min was identical by phzsical 
and spectral properties to those reported for stigmasta-8(14j-en-3p-ol ( 5 4 ) :  mp 109-111 , rpt 
mp 108-111 (54): vCC1, 3600, 2945, 2855; 1455, 1375, 1035 em-'; 6(CDC13) 0.54 (3 H ,  s), 0.80 (3 
H ,  s); mle 414 (loo%), 255 (45%). 

THE BESzoFCR.iKs.-The original hexane extract of rayless golden 
rod contains a large variety of compounds including benzofurans, sesquiterpenes, triterpenes, 
sterols, hydrocarbons and long chain alcohols. In  a future publication we will discuss this 
extract in more detail. R e  present here only the isolation of toxyl angelate and i ts  congeners. 

Steam distillation of the hexane extract (400 g) gave an ether soluble non-volatile frac- 
tion (360 g) which was partitioned bet,n-een benzene, ethanol, and water (3:0.75:0.25). The 
benzene layer was washed with cold 5% sodium hydroxide solution to  yield 90 g of a neutral 
fraction. Chromatography (20 g)  on RIerck neutral alumina (activity grade 11) (50:l) gave, 
in the hexane-benzene eluent ( l : l ) ,  3.8 g of material. Concentration of the solvent precipi- 
tated a mixture of friedelin, friedelin-3a-01, and friedelin-38-01. After chromatography on 
Merck neutral alumina (activity grade 11) the mother liquor gave toxyl angelate, whirh was 
obtained analytically pure after hplc chromatography on silica gel. The hexane-benzene 
eluent (1:4) of the original column deposited crystalline 2,5-diacetylbenzofuran, R-hile the 
chlorsform eluent gave toxol. 

plant material (6 kg) was extracted with 20 liters of methanol for 72 hr.  Removal of the 
methanol with a water aspirator gave 1 kg of tarry residue, which was taken up in an equal 
volume of chloroform and then extracted with water. The solvent was removed from the 
chloroform portion. After 
filtration, the homogeneous solution %-as diluted with water until the solution was 30Yc ethanol. 
The latter solution was filtered and the filtrate evaporated to give 53 g of residue. This resi- 
due was taken up in benzene, and the benzene soluble portion was chromatographed on Merck 
acid-washed alumina (activity grade I ) .  The ether-benzene (3:2) eluent deposited 4.5 g of 
2,5-diacetylbenzofuran, mp 139-140". 

A stream of ozone in oxygen (4.5co).was bubbled, a t  room temperature, through a solution 
prepared by dissolving 2 g of cis-2-isopropyl-3-hydroxy-5-bromo-2,3-dehydrobenzofuran (mp 
105-106"; 1 2 , a  5.5 Hz) ,  prepared as previously described (37), in 30 ml of acetic acid for 24 hr.  
Hydrogen peroxide (8 ml of 30c0j was added and the solution stirred a t  room temperature for 
an additional 24 hr ;  whereupon, palladium on charcoal was added and the solution stirred an 
additional 2 hr.  The nmr spectrum 
of a portion of this crude product showed the presence of only threo-2,3-dihydroxy-4-methyl- 
pentanoic acid (29).  There were no peaks present from the isomeric erythro acid 28 (see 
below for synthesis of 28 and 29). When some of the synthetic threo acid was added to  the nmr 
tube, intensification of the already present peaks resulted. Addition of a small amount of the 
erq'thro acid resulted in the clear detection of i ts  characteristic peaks in the spectrum. Glc 
(37,07--17 column at  136") of the silanized ( ( C H B ) ~  SiClj product showed only a peak with the 
same retention time as the s)-nthetic threo acid and a different retention time from the synthetic 
erythro isomer. Finally the f h r e o  acid obtained by ozonolysis was isolated by preparative tlc 
on Rlerck Kieselgel PFzjr using a solvent system of ethanol-water-257, aqueous ",OH (10:15: 
100). Under these conditions the ery f i i ro  isomer gave Iif 0.58, while the fhreo  isomer showed a 
11 i 0.53 by detection with iodine or Khln04. In  a similar manner trans-2-isoprop~-l-3-h~-droxy- 
5-bromo-2,3-dih~-drobenzofuran (mp 43-44": 1 2 . 3  4.2 Hz j on ozonolysis gave exclusively erythro- 
2,3-dihydroxy-4-methylpentanoic acid, identified and characterized as described above. 

THE HEX.\SE EXTRACT. 

THE MODIFIED COUCH PROCEDURE ( 5 ) .  ISoLATIOX OF 2,5-DI.~CETYLBESZOFuR.~S.-The ground 

The resulting residue was dissolved in 507, aqueous et,hanol. 

OZOSOLYSIS O F  Cis . IKD f ~ U ~ S - ~ - I ~ ~ P R O P Y L - ~ - H Y D R O X Y - ~ B R O b l ~ ~ , ~ - D I H Y D R O B E ~ Z ~ F ~ R . ~ ~ . ~  

Filtration and evaporation gave 1.1 g of an oily product. 
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STEREOSPECIFIC STSTHESES OF er j fhr0 . i S D  f ~ l r ~ 0 - 2 , 3 - D I H ~ ~ D R O ~ ~ - ~ - M E T H r L P E S T . \ S O I C  .\CIL)d. 
--1,3-Dibromo-4-methyl-2-pentanone ibp 95-97': 10 mm n2jd= 1.5099) --as prepared by bromi- 
nation of methylisobutyl ketone and then submitted to the Favorskv reaction to give, in 8 0 5  
yield, cis-4-methyl-2-pentanoic acid (31) according to the previouslybdescribed procedure ( 5 5 ) .  
I t  had the folloR-ing physical properties: mp 15.5-17.5': n2jd=1.4420: S(CC1,) 1.20 13 H ,  d ,  J =  
7 Hz) ,  1.28 (3H, d ,  J = 7  Hz), 3.78 fl H, m) ,  5.78 (1 H,  d,  J = l l . 5  Hz) ,  6.22 (1 H,  dd, J = l l . 5 ,  
9.5 Hz) ,  11.91 f l  H ) .  Cis-4-niethyl-2-pentanoic acid 131) was stereospecificall>- c is  hydroxylated 
as follom. To 4.45 g of the cis acid in a solution of 150 ml of water, 100 nil of dioxane and 5 ml 
of a 15 solution o f  OS04 in an ice bath,  was added 3 g of ;igClOa in K g portions over a period 
of 3 days, in the dark. The silver chloride precipitate n-as removed by filtration, and it was 
washed with dilute HCl. Hydrogen sulfide was bubbled through the filtrate for 0.5 hr, then 
the solution was neutralized with a sodium hydroxide solution. Evaporation of the solution 
gave a heavy syrup which was crystallized from ethyl acetate tn give erythro-2,3-dihydrosy-4- 
methylpentanoic acid (29): mp 127": Calc. for CsHlaO,: C, 48.64: H ,  8.16. Found: C, 48.68: H,  
8.00: uKBr 3250, 1680, 1390, 1355, 1290, 1230, 1130, 1095, 1020, 920, 840, 760 cm-l; S(D20): 0.94 
(6 H,  d, J = 6 . 7 5  Hz), 1.92 (1 H,  m):  3.53 (1 H,  dd, J = 6 ,  5.5 Hz) ,  4.29 (1 H ,  d ,  J=5.5 Hz).  

Malonic acid 
(83.2 g) was dissolved in a solution of 300 ml of pyridine and 4 nil of piperidine, then 57.6 g of 
isobutyraldehyde vias added and the solution n-as refluxed for 24 hr. Removal of the water 
and pyridine at  atmospheric pressure gave a crude product which vias distilled t o  give 47.5 g 
(52cc) of trans-4-methylpentanoic acid (30), bp 54-55Y0.15 nim, rpt. bp 100"!6 min (56): nd 
1.4481, rpt nd 1.4487 (56): 6(CDCl,): 1.06 (6 H ,  d ,  J = 7  Hz), 2.45 (1 H ,  m) ,  5.74 (1 H,  dd, J =  
15.5, 1.5 Hzi, 7.00 (1 H,  dd, J= l5 .5 ,  7 Hz), 12.45 (1 H ) .  Cis hydrosylation of frclns-4-meth>-l- 
pentanoic acid (4.4 g) ,  as described above, gave 3.1 g f 5 5 5 )  of !hreo-2,3-dihydrox~---l-methyl- 
pentanoic acid (28):  mp 111-112" (from ethyl acetate);  Calc. for C6H1204: C, 48.64: H ,  8.16. 
Found: C, 4E.80: H ,  8.05: vKBr 3250-3400, 1680, 1370, 1275, 1240, 1130, 1080, 1050, 1030, 915, 
840, 785 ern-': SiD20): 0.98 (6 H ,  d ,  J=G.5 Hz) ,  1.83 (1 H,  m) ,  3.54 (1 H, dd, J = 9 . 2  Hz),  4.42 
(1 H,  d, J = 2  H Z J .  

Threo-2,3-Dihydrosy-4-rnethylpentanoic acid (28) was prepared as follows. 

Pl-STHESES OF C i s  . l S D  ~ Y U ~ S - ~ - M E T H T L ,  ?-ETHYL, 2-n-PROPl~L-3-HI-DROXY-.!j-BRO>lO-2,3-DI- 
szoFvRas.-Following the procedure previonsly described for the synthesis of 2'- 
2,5'-dibromo-3-methylbiit~-rophenone (371, 2'-h~-drox~--2,5'-dibromopropiophenone 2'- 
2,5'-dihroniobut yrophenone and 2'-h~-drosy-2,5'-dibroniovalerophenone were prepared. 

2'-Hjdrox~-&,6'dibron20propiophenol2e.-It exhibited the following physical properties: mp 98- 
99" (from EtOH); Calc. for CgHSOtBr2: C, 35.10: H ,  2.62:  Br, 51.89. Found: C, 35.14: H,  2.i9: 
Br, 52.00: 6(CC14i: 1.87 (3 H, d,  J=6.5  Hz) ,  5.16 (1 H,  q, 5.16 Hz),  6.85 (1 H,  d, J = 9  Hz) ,  7.49 
(1 H, dd, J=9.2 Hz), 7 .82  (1 H ,  d, J = 2  Hz).  
2'-Hydroxy-2,6'dibromob1~~yrophenone.-It exhibited the following properties: mp 56-57" (from 
EtOH);  Calc. for C10H1002Br2: C, 37.30; H,  3.13: Br, 49.63. Found: C, 36.91; H, 2.94: Br,  49.20; 
6iCClr): 1.10 (3 H ,  t ,  J=7 .5  Hz) ,  2.12 ( 2  H, ml ,  5.92 (1 H,  t ,  J = 7  Hz), 6.84 (1 H,  d ,  J = 9  Hz) ,  
7.48 (1 H,  dd,  J = 9 . 2  Hz) ,  7.79 (1 H,  d ,  J = 2 H z ) .  
2'Hydroxg-,2'6dibron20aalerophe)io}ie.-The folloxing properties were observed: mp 55-56" (from 
EtOH); Calc. for CllHl20?Br2: C, 39.31: H,  3.60; Br,  47.56. Found: C, 38.84: H ,  3.87: Br, 46.94: 
6(CCla): 1.02 13 H, t ,  J=7.5 Hz),  1.50 (2 H, m) ,  2.08 12 H,  nil, 5.98 (1 H,  t ,  J = 7  Hz),  6.85 (1 H, 
d, J = 9  Hz) ,  i .48  (1 H, dd, J = 9 . 2  Hz) ,  7.78 i l  H, d ,  J = 2  Hz).  

Following the procedures previously described (37 )  for the preparation of cis and frens-2- 
isoprop~-l-3-h~-drc~xy-~bromo-2,3-dih~-drobenzofuran, respectively, cis and f rons  2-methyl, 
2-ethyl and 2-n-propyl-3-hydrosy-2,3-dihydrobenzofurans were prepared. The compounds 
xere  only characterized by their 1H nmr spectra, which are given below. 
f r ~ i n s - 2 - l l f a f i i g l - ~ - h g d ~ o ~ j - 5 - b r o m o - 2 , 3 - d i h y d r o b e n ~ o ~ ~ i ~ ~ ~ i  (23) .--6(CCl:, D20 1 :  1.24 (3 H ,  d ,  J =  
G.5 Hz),  4.40 (1 H,  m),  4.59 (1 H,  d, J=3.5 Hz,, 6.57 (1 H,  d, J=8.5 Hz),  7.21 (lH, dd, J=8.5 ,  
2 Hz) ,  7.30 i l  H ,  d, J = 2  Hz). 
cis-2-JlefhjG3-hydrosj-6-bronzo-2,S-diiipdrobenzo~icran (22).--6iCC14, D20): 1.35 13 H, d,  J=6.5 
Hz),  4.43 (1 H, m ) ,  4.68 (1 H, d, J=5.5 Hz),  6.55 (1 H,  d, J=8.5 Hz), 7.19 (1 H,  dd, J=8.5,  2 
Hz), 7.30 (1 H,  d ,  J = 2  Hz) .  
!rans-~-E!iiyl-3-iiydroxy-6-bronio-2,3-di~i~drohen_qflLran (25) .---61CC14, D2O): 1.05 13 H, t ,  J = i  
Hzj,  1.57 ( 2  H, m),  4.29 (1 H,  m), 4.80 (1 H,  d ,  J = 3 . 5  H z ) :  6.59 (1 H, d,  J=9  Hz),  7 . 2 2  (1 H,  
dd, J = 9 . 2  H z ) ,  7.35 (1 H, d, J = 2  Hz).  
c is-2- E f ii jl-3-11 j d  Y oxy-6- b rom 0-2 ,J-diiiyd ro benzofura n (24 1 .--6 (C C14, 1 1 2 0  ) : 1.08 (3 H , t , J = 7 Hz ), 
1.5-1.8 ( 2  H, ni), 4.20 (1 H,  m!, 4.76 i l  H,  d ,  J=G Hz),  6.56 (1 H, d,  J = 9  Hz) ,  7.20 i l  H ,  dd, 
J = 9 2  Hz) ,  7 .32  (1 H,  d ,  J = 2  Hz) .  
trans-2-Pr gpgl-3-hydroxy-6- b romo-8,3-diiijd y o  benzofit mn (27 .-6 (CC14, D 2 0 )  : 1.12 13 H ,  t , J = 7 
TTz), 1.51 (4 H, m i ,  4.32 i l  H,  m ) ,  4.i4 (1 H, d,  J=3.7  Hzi,  0.58 i l  H, d ,  .T=8.5 Hz), 7 . 2 2  11 H, 
(Id, J=8.5 ,  2 Hzi! 7 . 3 2  (1 IT,  d, J = 2  Hz).  
c i . r - 2 - P r o p j i - . 3 - l i j d ~ o x g - 6 - ~ r ~ ~ ~ ~ ~ o - 2 , 3 - d i / i j d r o h e ~ i ; ~ ~ ~ ~ t ~ ~ ~ ~ i  126) .- -61CC11, 1 1 2 0 ) :  1.13 13 13, i ,  .T=7 IIz j ,  
1.51 ( 4  € I ,  nil, i .31 (1 H ,  mi ,  4.82 i l  H,  d ,  J = 5 . 5  Hz) ,  6.58 i l  H j  d ,  J=8.5  Hzj,  7 . 2 3  (1 H,  dd, 
J ~ 8 . 5 ,  2 H z ) ,  .32 (1 H, d, J = 2  Hz).  



218 JOURSAL OF NATURAL PRODUCTS [VOL. 42, so. 2 

ACKKOWLEDGMEKTS 
We express our sincere appreciation to the National Cancer Institute, NIH.  for support of 

this work (C4-18819). We also thank Dr. C. Dickinson, Dr.  M. Gordon, and hIs. 5. Bonetti 
for performing various individual experiments related to  this work. The FOFC tables have 
been deposited with the Editor. 

Received 16 October 1978. 

LITERATURE C I T E D  

2. 
3. 
4. 

5. 

6. 

7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 

38. 

39. 

40. 
41. 
42. 
43. 

44. 
45. 
46. 

47. 

1. 
2a. L.  FURBEE and W. D.  SNIVELY, JR,. J .  Hist .  Medicine,  23, 276 (1968). 

L. H.  Zalkon-, R .  N.  Harris, I11 andN. I. Burke, J .  X a t .  Prod. ,  42,96 (1979). 

W. I .  CHRISTESSES, Econ .  Bo tany ,  19, 293 (1965). 
W. D.  SSIYELY, JR., Jfinn. Medicine,  50, 469 (1967). 
A. F. HARTMANK, SR. ,  11. C. PURKERSON and 31. E. WESLEY. J .  A m .  i t f ed .  Assoc . ,  185, 7OG 
(1963). 
J .  F. COUCH, J .  A g r i c .  R e s .  35, 547 (1927); J. Am.  Chen7. Soc., 31, 3G17 (1929); J. Agrqc. 
Res. .  40. A19 (1920). 

I - - ,  -~~ , - - - - /  

C. A. LATHROP, Master’s thesis, Oklahoma State University, Stillwater, Okla., 1939; 
R .  CLEVERDOS, hlaster’s thesis, Oklahoma State Universitv, 1939. 
W. A. BONNER and J .  E .  DE GRAW, JR., Tetrahedron, 18, 1925 (1962). 
L. H. ZILKOX-, N .  BURKE, G. CABAT and E. A. GRULA, J .  Jled.  Cheni., 5, 1342 (1962). 
c. w. \vu, K. F. L.ufPE and T. J .  hIENDE, Biochem. Pha.rmacologg, 22, 2835 (1973). 
B. KAMTHONG and A. ROBERTSOS, J .  Chem.  Soc . ,  923, 933 (1939). 
T. K .  DEVOK and A. I .  SCOTT, “Handbook of Natural Products-1-olume 1,” Academic 
Press, Inc. ,  S e w  York, S.  Y., 1975. 
T-J. LIS, E .  RAMSTAD and P .  HEISSTEIK, Phytochemistry ,  13, 1809 (1974). 

, et a l . ,  Phytochemistry ,  16, 1973 (1977). 
and C. ZDERO, Phytochemistry ,  16, 1583 (1977). 
and N-L. T-As, Phytochemistry ,  16, 1304 (1977). 
, et e l . ,  Phgtochemistry ,  16, 965 (1977). 

F. BOHLMANS and A. SUWITA, Phytochemistry ,  16, 783 (1977). 
F. BOHLMANS, C. ZDERO and hl.  GRENZ, Chem. B e r . ,  110, 1034 (1977). 
F. BoHLxIKN and C. ZDERO, Chem.  Ber . ,  110, 295 (1977). 
F. BOHLifANK, ,J. JAKL-POI-IC and hl.  LOSITZ, Chem.  Ber., 110, 301 (1977). 
F. BOHLMANK and C. ZDERO, Chem.  Ber . ,  109, 1450 (1977). 
W. HERZ and I .  WAHLBERG, Phytochemistry ,  12, 429 (1973). 
S. T’. LOPEZ and B. R.  GOSZALEZ, A n a l .  Quint. ,  67, 879 (1971). 
F. BOHLXAYS and hl.  GRESZ, Chem.  Ber . ,  109, 90 (1970). 
F. BoHLnfANs and C. ZDERO, Tefrahedron Le t t e r s ,  3575 (1970). 
R. D .  ALLAX, R.  J. WELLS and J. K. hIAcLEoD, Tetrahedron Le t t e r s ,  3945 (1970). 
T. AKTHONSOS and S. CHASTH.iRASIKUL, A c t a  Chem. Scand., 24, 721 (1970). 
R.  D.  ALLAN, R .  L. CORRELL and R .  J. WELLS, Tetrahedron Le t t e r s ,  4673 (1969). 
L. F. BJELDAXES and T. A. GEISSMAK, Phytochemisirp,  8, 1293 (1969). 
T. MURAE, Y. TANAH.ISHI and T .  TAK.IH.ISHI, Tetrahedron, 24, 2177 (1968). 
F. BOHLMASX, et al., Phytochemistry ,  17, 471 (1978). 
F. G. SCHREIBER and R .  STEVESOS, J.C.S. P e r k i n  I, 90 (1977). 
J. A. ELIX, Aus t ra l .  J .  Chem.,  24, 93 (1971). 
P .  K. RAM.ICHhSDR.AS, T. CHEKG and W. J. HORTOS, J .  Ory .  Chenz., 28, 2744 (1963). 
J. I. DE GRAW, JR.,  D .  31. BOXT-ES and W. A. BOSNER, Tetrahedron, 19, 19 (1963). 
D.  hf. BOKEX, J .  I .  DE GRATY., I-. R .  SHAH and U’. A. BOKNER, J .  X e d .  Chem., 6,315 (1963). 
L. H.  ZALKOIT- and 11. GHOSAL, J .  Org. Chem.,  34, 1646 (1969). See reference 39 for stereo- 
chemical corrections of this paper. 
W. A. BOKSER, S.  I. BURKE, W. E .  FLECK, R .  K.  HILL, J .  A. JOCLE, B. SJOBERG and L. H .  
ZALKOTT-, Tetrahedron, 20, 1419 (1964). The absolute configuration of toxol at  C-3 re- 
ported in this paper should be inverted. 
L. H. Z~LKOV-, E. KEINAK, S. STEIKDEL, S. K.ALY.AN.IR.II~.AK and J. A. BERTRASD, Tetru-  

See the present paper and refernce 39. 

hedron Le t t e r s ,  2873 (1972). 
L. H. ZALKOW, N. I .  BURKE and G. KEES, Tetrahedron Le t t e r s ,  217 (1961). 
L. H. ZALKOW. G. C. CHETTP. 11. GHOS.IL and G .  KEEK. Tetrahedron Let ters .  5727 (1968). 
L. H. ZALKOW~ B. A .  EKPO and N. I. BCRKE. Phvtochemistrv. 16. 1610 11977) 
L. H. Z A L K O J ~ ,  R .  N.  HARRIS, 111, D. 17.1s D E R ~ T E E R  and j .  -4. BERTRISD, J.C.S. Chem. 
Comm., 456 (1977). 
L. H. Z~LKOTT-,  R .  N.  HIRRIS, I11 and D. 1-AN DERVEER, J.C.S. Chem. Comm. ,  420 (1978). 
L.  H. ZLLKOTV, R .  N .  HIRRIS, 111 and N. I .  BURKE, J .  -\-at. Products ( L l o y d q a ) ,  in press. 
“International Tables for X-ray crystal lo graph^ Yol ,  I, Kynsrh Press, Birmingham, 
England, 1952. 
Programs utilized were Sheldrick‘s SHELS- i F  program and Johnson‘s Ol?TEP-II 
program. 



"Internatiunal Tables fur X-ray Crystallography," 1-01. IT, Kynsch Press, Birmingham, 
England, 1974, pp 99 and 119. 
J .  DEGR.A\Y, JR. and W. -4. BOSSEK, Teirahedvon, 18, 1311 (1963). 
J .  G.  GROSSELLI, editor, "CRC Atlas of Spectral D a t a  and Physical Constants for Organir 
Compounds,'' CRC Press, Cleveland, Atlas = p 527 (1973). 
See reference 50, Atlas r h  38. 

See reference 50, Atlas = S BO.-- 
W. SVCROTI-: Chem. B E T . ,  99, 30.39 (1966). 
C. 13.iPPE and R.  AUESTROJI, d c i a  Chenr. Stand., 19, 383 (1965). 
-4. -\. GOLDBERG and R .  P. LIXSTEAD, J .  Chem. Soc., 130, 2343 119281. 

.%. L I O S D O S  and U. PCH\V.lRZV.AIER, Chenl. Ber.,  108, 925 (1975). 


