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akBBTR.ICT.--k sl-stematic fractionation of the antifeeding ethanolic residue of 
Kaln i ia  Zatifolia leaves gave ten grayanoid diterpenes. Four of these, lyonio1-.4 (31, 
grayanotosin-XTIII (4) , -11 C ) ,  and -111 (11) are known compounds but not previously 
reported from this source. The other six --ere nem- natural products and were given 
the names kalmitosin-I ( lo) ,  -11 ( 5 ) ,  -111 (9), -IT (6) ,  -1- (2), and -TI ( 8 ) .  Char- 
acterization was by spectral and chemical methods. Based on the concentrati!n of 
these constituents, kalniitosin-I is the major antifeedant, with kalmitorin-IT and 
grayanotosin-I11 also appearing significantly deterrent a t  the levels present. 

As part of a program designed to uncover posjible new control measures for 
the g>-psj- moth larvae (Lyiitantria dispar L.)-a serious defoliator established in 
the northeastern EL4-a search for feeding deterrents from plant sources \vas 
undertaken. Laboratory studies of the larval feeding characteristic3 led to the 
development of a screening test n hich allon-ed classification of plant extracts into 
four categories (1). Briefly. the test consisted of measuring the extent of feeding 
by third-instar insects on a diet composed of the ethanolic plant extract residue 
admixed with celluloqe, agar, and Ti-ater. The extracts that  gave diets acceptable 
to the insects correqponded to ho-t plant material. For example, red oak (Querczbs 
rzrbra L.) leaves. n hich are readily fed on in the field, gave acceptable extracts. 
Residues yielding unaccepted diet- could be divided into three distinct groups on 
the basis of the feeding response observed when the extract n-as tested in com- 
bination 11-ith the red oak diet. Those that did not inhibit feeding were classified 
as neutral and parentheticall>- indicated the reyuirenleilt of feeding stimulant; for 
the insect. ified as inhibitory or deterrent, 
d i l e  the third group d ~ i c h  produced an increaqe in diet consumption aboi-e the 
red oak response were called synergistic. 

The leaves of the mountain laurel, Kalmia latijolia L. (Ericaceae), from field 
studies are reported not t o  be a favorite food of the gyps-  moth larvae ( 2 ,  3).  
Extracts from collections made in Connecticut and Ohio were reproducibly de- 
terrent in the laboratory test and a study 71-as undertaken T O  isolate the active 
constituents. This report is on the isolation of ten grayanotoxin-type diterpenes 
from one fraction of the ethanolic extract knoxvn as the ethyl acetate solubles. 
Six of these constituent; are new natural products; the others are knoTm com- 
pounds but not previously isolated from this source. In  fact, there is no literatiire 
report to our knowledge on the isolation of any single ivell-characterized grayanoid 
from Kalmia latifolia. In  1 9 5 i .  grayanotoxin I (1) (andromedotoxin or 

Extract. that  reduced feeding were cl 

____ 
1Taken in part  from the Ph.D.  dissertation of S.F.E., m-hich was accepted by  Ohio State  

2To whom inquiries should be addressed. 
University, June 1979. 
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acetylandromedol) was reported to be present from paper electrophoretic studies in 
sodium tetraborate solutions on the basis of migration similarities with a known 
sample (4). Tery recently, a similar identification n-as made by thin layer 
chromatograph?- ( 5 ) .  

RESULTS -AND DISCUSSIOS 
The residue (figure 1, Fraction A) from the percolation by ethanol of K .  Zati- 

Jolia leaves significantly reduced the feeding of gypsy moth larvae as shom-n in 
table 1; and is dose dependent. Partitioning the reqidue betn-een chloroform and 
water (figure 1) resulted in the distribution of activity into both phases (Fractions 
B and C) with the water solubles (Fraction B) considered more potent. Further 
partitioning of the water solubles betveen ethyl acetate and n-ater, follou-ed by 
extraction of the aqueous layer with 12-butanol yielded three fractions of JThich the 
ethyl acetate solubles (Fraction F) and the It-butanol solubles (Fraction E) were 
deterrent. Partitioning of the chloroform solubles (Fraction C) between hexane 
and 10% aqueous methanol divided the activity about equally between the two 
phases (Fraction G and H). Since the ethyl acetate solubles (Fraction F) repre- 
sented the largest fraction and n-as highly potent, it n-as examined first. Column 
chromatography on silicic acid provided dihydrochalcones, already reported from 
this source, and other phenolics (6) ; but none showed significant antifeeding 
activity. The activity appeared to reside with a minor fraction that lacked 
phenolic characteristics; and, as will be shoim, consisted of polar diterpenes. An 
efficient separation method was therefore required to yield the minor constituents. 

Kalmia l a t i f o l i a  l e a v e s  

(6 .6  kg) 

1. E t O H  p e r c o l a t i o n  

2 .  e v a p o r a t i o n  
I 

( A ,  1 . 4  kg) 
Residue 

C H C l j / H 2 0  
p a r t i t i o n i n g  

E t O A C  /HZ 0 
p a r t i t i o n i n g  

CHC1, ‘ s o l u b l e s  
( C ,  547 9 )  

hexane/>leOH-HzO (9: 1) 
p a r t i t i o n i n g  

H,O phase EtOAc s o l u b l e s  MeOH s o l u b l e s  hexane s o l u b l e s  
( F ,  4 0 3  g) (H,  203  8 )  

n-BuOH 
e x t r a c t i o n  

240 g on 
Sephadex LH-20 

H 2 0  s o l u b l e s  E-BuOH s o l u b l e s  column (MeOH) 
(D, 3 3 2  9)  ( E ,  18Q 9) 

Terpenes P h e n o l i c s  Residue 
(F-1, 1 6 . 2 g )  (F-2 ,  2 0 7 g )  ( F - 3 ,  15.3g)  

FIG. 1. Separation scheme for dividing the extract residue of K .  lait jolia leaves into fractions 
of similar polarity. 
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TIBLE 1. Ab3ivi ty  of fractions from K .  Infi foizi i  leaves in the gypsy moth larval feeding test.' 
I 

Concen- 
Fraction trationb i nig nil Mean 

.-I 0 25 

B 17 5 
A 1 25 0 

- -  C t a  
D 5 0  
E 5 0  
F ~ 1 0 0  
C T  2 5  
H 3 7 5  
F-1 2 25 

F-4 4 25 

1 38 
18 
8 

59 
100 
21 
11 
48 
53 
17 

~ 50 
1 101 

1 GO 
I 

Compound 
.Standard 

Error 

x-I (10) 
GI11 (11) 

Concen- 
tration 

2 :  - 
1 . 3  

20 0 
17 5 
30 0 
15 0 
45 0 
27 5 
60 0 
32 5 

Response in 5 

I Iean  Standard 
Error 

92 ' 3  
95 I 3 

121 I 4 

3Details of the bioassay are given in reference 1. 
bTest concentrations were chosen roughly on the basis of n-eight distribution into the vari- 

cThe feeding response was compared t o  the red oak control taken as 1005 n-ith the standard 
ous fractions. 

error ranging between 15 and 3 5  for different runs. 

The use of a Sephadex LH-20 column conveniently divided the phenolic con- 
stituents of the ethyl acetate qolubles (Fraction F) from the polar terpenic frac- 
tion. The terpenes 
(-GyG) appeared to  be little delayed by pa-sage through the column, d ie reas  the 
phenolic; TT ere effectively ad*orhed. -1 third fraction, F-3. still more strongly 
held. con.i.ted of a tarry residue. The column nash, Fraction F-4, T T ~ S  in Sub- 
5equent -eparations combined \T it11 Fraction F-3. Bioasqaj- yhox-ed the activity 
to be concentrated in the F-1 terpenic fraction. The phenolics IT ere 4gnificantly 
reduced in potency. nliile the remaining t n o  fraction.. F-3 and F-4 nere not 
inhibitory. n it11 F-4 powihly even -timulatorp. 

Chromatographj- of Fraction F-1 011 -ilicic acid provided three .ubfractions, 
F-CL F-1B. and F-1C. baped on dry neight determination and thin layer chro- 
matographic anal! 91- of effluent fraction. (.ee figure 2). Further resolution of 

T1ie.e nere de.ignated Fractions F-2 and F-1. reqpectiyely. 

... . 
.- 

Conditions: i ,  silicic acid collinin: ii? silica gel column: iii? silica gel-silver nitrate column; 
iv,  solvent B to  C :  v, solvent B: vi ,  solvent C :  vii, solvent D .  

FIG. 2 .  Summary of the isolation procedure for the grayanoid diterpenes froni the eth?-l 
acetate soluble fraction iF-1) of Ki i l i i i i u  Int<foIi/i leaves. 
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these fractions required chromatography in sequence on tn-o columns; the first 
was prepared with silica gel, and the second, x i th  silica gel containing 5% silver 
nitrate. Without silver nitrate, separation of the complex mixtures would not 
have been possible. Although the fractionation n-as still monitored by the feeding 
test, it was decided that development of a systematic separation scheme for the 
terpenes would not only yield the active ones, but others of more general interest, 
considering little 11-ork on these constituents has been reported from this source. 
The ten diterpenes obtained aq crystalline products are listed in order of ap- 
pearance from Fraction F-l : kalmitoxin-T7 (2), lyoniol-A (3), grayanotoxin-XVIII 
(4), kalmitoxin-I1 (3). -IT’ (61, grayanotoxin-I1 ( 7 ) ,  lialniitoxin-VI (8), -111 (9), 
-I (lo), and grayanotoxin-I11 (11). The general name kalmitoxin for the gray- 
anoids from Kalrnia Zatifolia was chosen in accord with the practice established by 
investigators of related compounds from other members of the Heath family. 

The four known compounds were identified by comparison of physical proper- 
ties with those reported in the literature. Lyoniol-A (lyoniatoxin) (3) was origi- 
nally obtained from Lyom’a ozlalifolia Drude var. elliptica Handel-Nazzetti and its 
properties (7, 8, 9) are in agreement with those of the Kalmia product. Grayano- 
toxin-XT’III was recently reported from Lezicothoe g r a y a m  (10) and our com- 
pound gave comparable phj-sical constants. The I3C-nmr peaks JJ-ere identical, 
and those reported from the ‘H-nmr and ir spectra Tvere also jn agreement. Prepa- 
ration of the diacetate derivative TT-ith physical properties as recorded (10) con- 

OH 20  

HO 

HO AcO 3H OR; bR2 
1 - 

5; - R= OH 

7 ; R = H  - 
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firmed the assignment. Grayanotoxin-I1 ( I )  was identified on the basis of com- 
parison of the ir spectrum and other physical data with those in the literature 
(11, 12 I .  as ~ 1 - m  grayanotoxin-111 (11) (13). Furthermore, direct comparison of 
the last two compounds TT-ith authentic samples confirmed their presence. 

The niass spectrum 
and elemental anal>-pes supported the molecular formula C?oH,:O;; and the I3C- 

nnir spectrum -1ion-ed absorption for tn-enty carbons divided rather cleanly into 
three sets. The set between 7 5  and S3  ppni-a region for tetrahedral carbons 
bearing an oxygen-contained qeven peaks, n hich under off-resonance decoupling 
conditions appeared as three singlets and four doublets. Since kalmitoxin-I (10) 
contains one additional oxygen than grapanotoxin-I11 (11) and lacks carbonyl 
absorption in tlie ir spectrum. a close relationship betn een the t n  o n as suspected. 
Comparison of tlieir nmr spectra was informative. For example, the 13C-ninr 
spectrum of grayanotoxin-I11 contained six pealis in the onygenated carbon region; 
and the expected off-resonance pattern TI-ould be three singlets and three doublets. 
Kalmitoxin-I with an additional doublet in this region was vieJyed as a grayano- 
toxin-111 with the seventh hydroxyl a secondary alcohol. Of the five po-ible 
po*itions to locate this hydroxyl. C-7 was choqen from analysis of the 'H-nmr 
spectrum. A clean AB quartet with 6~ 4.03 and 6~ 4.25 ( J  9.5 Hz) is present for 
kalniitosin-I, and Tyas assigned to H-6 and H-7, d ie reas  grayanotoxin-I11 con- 
tains a one-proton double doublet at  6 4.55 ( J  4 and 11 Hz) for H-6. Other relevant 
peaks (H-3, H-14, and the four methyls) did not differ greatly in the two spectra. 

Acetylation of kalmitoxin-I produced two products: the major one, a tetra- 
acetate. n-as formulated a4 12 on the basis that  the protons assigned to carbons 
bearing qecondary alcohols in the starting material all showed downfield shifts 
greater than 1 ppm in the lH-nmr spectrum (14). The minor product. a penta- 
acetate, gave a lH-nmr qpectrum similar to  12 but had one of the methyls associated 
n i t h  a tertiary alcohol shifted 0.2s ppm don-nfield. This supported placing the 
acetate at  C-10 or C-16, preferably the latter, since anchimeric as-istance from 
tlie C-14 functionality (acetate or hydroxyl) would be po-zible in it. formation. 
The pentaacetate is therefore formulated as 13. 

Treatment of kalmitoxiii-I IT ith acidic acetone gave a- homogeneous products 
t n  o isomeric cornpound<. dianhydrokalmitosin-I acetonide-A (14) and -B (15). 
Their structures were assigned from analysis of spectral data. Elimination of 
miter from the tu-o niethj-1-bearing tertiary alcohol centers is supported in the 
'H-nmr spectra by tlie presence of olefinic methylene peaks and an olefinic methyl. 
Location of the acetonide n as indicated from the lH-nmr spectrum of acetylated 
acetonide-B (15). Firzt. the formation of a diacetate rather than a triacetate 
eliminated tlie C-3. C-6 acetonide. leaving C-6. C-7 or C-'7. C-14 as tlie other 
posqibilities. Second. the A%B quartet for the H-6 and H-7 protons n a -  not af- 
fected 2ignificantlJ bj- acetylation (an upfield shift of 0.2 ppni occurred) but the 
H-3 and H-14 proton; mored don-nfield by a t  least 1 1 ppm. in accord n i th  the 
acylation qhift expected for -econdary alcohols (14). Thi- made the C-7. C-14 
acetonide untenable. and required tl int  acetonide-B hare structure 15. It follon s 
that  acetonide-d should h a w  structure 14. 

The accuiiiulated data supported structure 10 for kalmitosin-I, a nex- natural 
product but a knon-n heptaol obtained on alkaline hydrolysis of the grayanoid 
e.ters a-ebotosin-IT, -V, -1-1. arid -TI11 (15. 16). Coniparison of the ir and 
'H-nmr -pectra of deacetylasebotoxin-IT- n-ith those of lialmitoxin-I shon-ed them 
to be identical. and confirmed our Qpectral analyqis. 

The first new natural product was kalniitosin-I (10). 
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HO AcO I 

HO , I 
OAc ‘OH 

OAc bAc 

9; RI=AC, R*=OH - -  12; R =  H 

13; -- R AC IO; - -  RI= H, R*=OH 

- -  11; R ~ = R * = H  

R2 0 

8; R ~ = A C , R  2 =H - 
- -  17; R 1 = R 2 = H  

Kalmitoxin-I1 (5) m s  assigned a structure from analysis of spectral data, 
aided by comparison u-ith those of grayanotoxin-I1 (7 )  and kalmjtoxin-I (10). 
The highest mass peak at m/e 368 in the mass spectrum corresponds t o  formula 
C20H3206; and the ir spectrum contains peaks for hydroxyl and olefinic groups. 
The 13C-nnir spectrum contains absorption for h-en ty  carbons, six of which ap- 
pear in the region characteristic of oxygen-bearing tetrahedral carbons (i2-84 
ppm). I n  addition, an  exocyclic double bond x i s  indicated by the peaks at  112.3 
and 153.2 ppm; for grayanotoxin-I1 (7)  the values are 112.0 and 152.8 ppm. 
Assuming kalniitoxin-I1 ( 5 )  possesses the same A-uor-B-homo-ed-liaurane skeleton 
as the other diterpenes already considered, its structure is most likely a grayano- 
toxin-I1 with an additional hydroxyl or specifically 10,20-anh~-drokalmitoxin-I. 
The ‘H-nmr spectrum of kalmitoxin-I1 (5 )  with the expected major peaks for the  
proposed structure also contained a relevant two proton singlet at  4.48 ppm that 
changed to an AB quartet 6~ 4.39 and 6~ 4.46 ( J  8 Hz) on D20 exchange. This 
could be accommodated only by a t r a m  C-6, C-7 diol, and locates the sixth hy- 
droxyl at  C-7 on a grayanotoxin-I1 skeleton. Kalmitoxin-I1 has therefore struc- 
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ture 5.  The spectral properties of the tetraacetate derivative, in which all of the 
secondary hydroxyls are acetylated, are in accord with the proposed structure. 

Iialmitoxin-I11 (9) exhibited spectral properties that  suggested it n-as an 
acetate derivative of kalmitosin-I. The 'H-nmr spectrum contains a three-proton 
singlet at  2.20 ppm; and the ir spectrum shon-s carbonyl absorption. The chemical 
ionization mass spectrum slion-s a very weak quasimolecular ion peak that cor- 
responds to tlie molecular formula C22H360S, but the electron inipact mass spectrum 
shon-s only tlie 11-15 peal;. Alkaline hydro1 of kalmitosin-111 (9) afforded 
lialiiiitoxin-I (10) in excellent yield, thereby eat shing the nature of the alcoholic 
unit. Since i;almitosin-I11 gave a negative periodate te t (IT)-kalmitoxin-I n-as 
positive-the acetate function iiiust be at  C-6, and l d n i  Toxin-111 has structure 9. 

I<almitoxin-IT- (6). like knlmitoxin-I11 (9), is a monoacetate ex1iibiti;ig a 
three-protor, singlet at  2.14 ppni in the 'H-nmr spectrum and a itrorig carbonyl 
peal; in the ir spectrum. It Goes not give a molecular ion peak in the electron 
impact mass spectrum; but does slion- a quasimolecular ion peak in the chemical 
ioiiizntion mass spectrum. The difference of tu-o mass units betTT-een the molecular 
weight of kalniitosin-IT- (6) and 1;almitoxin-I11 (9) is neither due to the pre.5ence of 
an olefinic nor a carbonyl function! since the ir spectrum lacks characteristic double 
bond absorption and that of the hydrolj- product, deacetylkalniitoxin-IT- (16); 
is devoid of a carbonyl peal;. -In oxirane ring IT-ai suggested by the pair of one- 
proton doublets a t  3.25 and 3.52 ppni (I 3 Hz);  and double irradiation studies 
confirmed t!ieii. spin relationship. These peaks occur in tlie 'H-nmr spectrum of 
lyoniol-A (3) for H-2 and H-3 (S, 9) and in other eposide-containing gra>-anoids 
such a> rhodojaponin-I (li)! and pieristoxin-G (18). Lithium aluminum 11)-dride 
reduction of kalmitoxin-IV gave lialmitoxin-I (10). This established for de- 
acetj-lkalmitoxin-IIT (16) the carbon skeleton and oxygenation positions except 
for the second epoxide carbon. Tlie epoxide must be betn-een C-2 and C-3 and 
with $-stereochemistry (2S,  3R) to fit the spectral data and the nature of the 
reduction product. Location of the acetate in kalmitosin-ITT (6) a t  C-6 was 
made possible by the negative sodium metaperiodate test (19). 

Iialmitoxin-T (2), the least abundant of the isolated terpenes! exhibits spectral 
properties similar to kalmitoxin-IT- (6). There are four three-proton singlets in 
the 'H-nmr spectrum for methyls on quaternarJ- carbons, and a pair of doublets 
( J  3 Hz) for the epoxide protons H-2 and H-3. I n  addition, the two acetate 
methyls suggested that kalmitoxin-T- n-as likely an acetj-lkalmitoxin-IT-. This 
was confirnied when hydrolysis of kalmitoxin-T' (2) yielded deacetylkalmitoxin-IT 
(16). The presence of an  -\B quartet at  the low field positions of 5.25 and 5.44 
ppm for the C-6 and C-i  protoris in tlie 'H-nmr spectrum of kalniitoxin-1- (2) re- 
quires that  the acetates be located at  these positions. Therefore, lialmitosin-T' 
must have stiucture 2. 

I<almitoxin-T-I (8) has the forniula C2:H38010, supported by elemental analyes.  
Tlie mass spectrum does not shon- a molecular ion peak but one for I\I-H20 a t  
nz ' e  438. The chemical ionization mass spectrum liken-ise lacked the peak for 
tlie quasimolecular ion. The lH-iinir spectrum contained two acetate peaks and 
four methyl singlets as TI-ould he expected for a fully saturated graj-anoid. That 
ten ox:-gen-bearing carbons \\-ere present  as seen from the T - n m r  spectiurn. 
The tTyo acetate carbonyls appeared at  110.4 and 1i1.3 ppm. and eight peaks were 
located betn-een 7.5 and b i  ppni, the region for oxygen-bearing tetrahedrai carbons. 
Tlie 'H-iimr spectrum contained an h1IS pattern that n-a.5 also observed for bis- 
deacet~-lkalmitoxin-TTI (17) and n-as unraveled by double irradiation experiments. 
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The doublet at 3.27 ppm ( J  5.7) of kalmitoxin-VI (8) was coupled to a double 
doublet at 5.18 ppm ( J  5.7, 3) which in turn was coupled to  a doublet at 4.11 ppm 
( J  3). This relationship has been described for the trans-2,3-diols, rhodojaponin- 
VI (20) and -VI1 (21), and suggested the same diol structure for kalmitoxin-VI. 
Ring opening of the epoxide of kalmitoxin-IV (6) produced a compound that showed 
the same tlc mobility in four solvent systems as bis-deacetylkalmitoxin-VI (17), 
but insufficient quantities of material prevented a complete characterization. 

Location of the acetate functions in kalmitoxin-VI (8) was aided by comparison 
of 'H-nmr chemical shifts with those of the hydrolysis product 17. Two sig- 
nificant upfield shifts had occurred on deacetylation; the singlet a t  6.33 ppm as- 
signed to H-14 had moved to 5.11 ppm and the doublet (one-half of an AB quartet 
pattern at 5.73 ppm for H-6 or H-7 shifted to  4.41 ppm. These changes of 
over 1 ppni, as already stated, are expected for a-protons of secondary acetates on 
converaion to secondary alcohols (14). One acetate must be located a t  C-14; 
and the results from periodate cleavage of kalmitoxin-VI (8) require that the 
second acetate be placed at C-7. Kalmitoxin-VI consumed 1.7 times as much 
reagent as grayanotoxin-I11 (ll), a standard possessing only one susceptible diol. 
Apparently the 2,3-diol is cleaved much slower than the 5,6-diol of kalmitoxin-VI 
and accounts for the loiyer value obtained in the fixed time experiment. 

The antifeeding activity of the diterpenes as listed in table 1 n-as determined 
at a dose that reflects the relative concentration. Therefore, kalmitoxin-I (10) 
must be the constituent most responsible for the deterrency, while kalmitoxin-IV 
(6), grayanotoxin-I1 (7) and -111 (11) are also significantly active. It is of special 
note that the phenolic constituents (e.g. phoridzin) are not deterrent to  the gypsy 
moth larvae, yet are effective against host-unassociated aphids (23). For host- 
associated aphids, the phenolics act as probing stimulants (24). 

The toxic nature of members of the Ericaceae to livestock and man is well 
known (25), and the responsible constituents in those species that  have been 
studied were identified as grayanoids. However, Kalmia latifolia has not been 
systematically investigated prior to our work. Although insects were our test 
animals, we believe they indicate in a qualitative matter a t  least a toxic response 
that would be observed with laboratory mammals. A full pharmacological evalua- 
tion of these compounds in laboratory animals is planned, as well as the isolation 
of additional compounds from the other partition fractions. 

EXPERIMENTAL3 
PLAST mTERIaL.-The leaves of Kalniia latz'folza L. for large scale isolation were collected 

in September 1976 in Fairfield County, Ohio, and were dried in a forced draft oven a t  40", 
then pow-dered in a Wiley mill. 

The test con- 
sists of ten third-instar larvae ( L y i ~ u n i n a  d z s p u r  L.) placed in a petri dish containing diet pel- 
lets prepared from the plant extract (or fractions thereof), red oak leaf extract, cellulose, agar, 

Kmr spectra were determined in s ta ted solvents Kith 
tetramethylsilane as internal standard on a Bruker HX-9OE instrument (proton at  90 PlIHz 
and carbon at  22.63 MHz) equipped for pulse mode Fourier transform analysis. Chemical 
shifts (6) are reported in ppm and coupling constants ( J )  in Hz. I r  spectra m-ere taken in KBr 
pellets or in chloroform on a Becknian IR  1230 instrument. Uv spectra --ere taken in methanol 
on a Cary 15 or Becknian 52GO instrument. Mass spectra were obtained on AEI 11s-9 and 
DuPont 21-491 instruments by direct inlet probe a t  70 eT'. &Butane was used for chemical 
ionization. Optical rotations &-ere determined on a Perkin-Elmer 241 photoelectric polarimeter. 
Silica gel G for thin layer chromatograph>- and silica gel for column separations were from E. 
hlerck (Darmstadt) .  Silicic acid was from llall inckrodt Chemical Company (St. Louis), and 
Sephadex LH-20 was obtained from Pharmacia (PiscataTay, N.J.) .  

INSECT FEEDING BIoassiy.-The details of the bioassay are published (1). 

~ _ _  
Welting points are uncorrected. 
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and R-ater. After a 24- or 48-hour feeding period, the amount of frass produced is dried t o  
constant n-eight and weighed. The extent of feeding is reported as a percentage based on the  
frass produced from the control diet containing red oak leaf extract. Ten replicates are run 
and the standard error is recorded. B y  reporting the results in this manner, the lower the  
value, the greater the inhibition of feeding. 

EXTR.ICTIOS ASD P-~RTITIOSISG OF EXTRACT RESIDUE.--% 6.6 kg sample of powdered leaves 
was estracted by percolation with ethanol a t  room temperature. The percolate (about 150 
l i ters) was evaporated a t  reduced pressure and 40" to  give 1.4 kg (Fraction X I  of a dark viscous 
residue. The residue (1.3 kg) was partitioned (see figure 1) between 3 liters each of chloro- 
form and rrater. h f te r  separation of the layers, the aqueous phase was reestracted twice 
with chloroform. Evaporation of the combined chloroformic extract left 547 g of residue 
(Fraction C )  which was partitioned between 2 liters each of hexane (3 times) and methanol- 
water i 9 : l j .  Evaporation of the solvents left 325 g of methanol solubles (Fraction GI and 
203 g of hexane solubles (Fraction H) .  The  x-ater solubles (830 g,  Fraction B) from the chloro- 
forni,'naterpartitioningn-ere repartitioned between 3 liters each of ethyl acetate (3 times) and 
water. Evapora- 
tion of solvents gave the ethyl acetate solubles (-103 g, Fraction F), the n-butanol solubles 
(184 g, Fraction E) and the viater solubles (332 g, Fraction D ) .  

CHROUATOGRAPHIC SOL\-EST SYSTEMS ASD GPR.II XE.IGEKTS.--X spray reagent prepared from 
5 ml of p-anisaldehyde, 90 ml of ethanol and 5 ml of sulfuric acid, when applied t o  t lc plates 
followed by heating a t  110" for 5 min, gives red t o  dark brown colors for the terpene constit- 
uents. The solvent q-s tems (Ion-er phase only) employed n-ere prepared from chloroform- 
methanol-w-ater in the following ratios: -4. 60:15:4: B. 37:3:2: C. 17:3:1: and D. 35:5:2. Solvent 
systems E and F were prepared from benzene-ethyl acetate (1: l j  and (3:1), respectively. 

F).--A column of Sephadex LH-20 (100 g, 2.8 x 55 cm) m-as poured as a slurry in methanol. 
Ethyl  acetate solubles (Fraction Fj in 33 g quantities n-ere dissolved in 50 ml of methanol, 
passed into the column and eluted with methanol. Effluent fractions of 2.5 ml were collected 
and every fifth fraction was analyzed by tlc using solvent system A .  Fractions 1-80 (Fraction 
F-1) contained the terpenes, fractions 81-175 (Fraction F-2) the phenolics, and fractions 176- 
200 (Fraction F-3) a ta r ry  residue. A fourth fraction (Fraction F-4) was obtained as a final 
column wash with 2 liters of methanol. From a 240 g sample of ethyl acetate solubles the 
folloq-ing quantities were collected: 16.2 g of F-1, 207 g of F-2, and 15.3 g of combined F-3 and 
F-4. 

Passage of the terpenic fraction F-1 (21 g) through a short column (6.8 x 12.5 cm) of silicic 
acid (100 gm) containing 6 .55  x-ater and poured a s  a slurry in chloroform removed tarry ma- 
terials which improved subsequent separations. The sample was dissolved in 8 ml of methanol, 
mixed with 100 g of silicic acid containing 6 . 5 5  x-ater, and dried in a rotary evaporator a t  re- 
duced pressure. The  total  weight of the adsorbent plus sample was adjusted t o  121 g aTith 
water, mixed thoroughly and applied to  the top of the column. Elution with 5 liters of chloro- 
form removed 1 gm of a nonterpenic oil, then 5yc methanol in chloroform gave 10.7 g of mixed 
terpenes. A final wash with methanol yielded 8 g of a black tarry residue tha t  was not further 
investigated. 

CHROX~TOGRAPHT OF TERPESIC FRACTIOS F-l.-A column (6.5 x 89 cm) was prepared from 
1.45 kg of silicic acid activated a t  120" for 24 hours and poured as  a slurry in solvent system B. 
The clarified terpenic fraction F-1 (10.6 g )  was dissolved in 15 ml of methanol, mixed with 100 
g of silicic acid, and dried under reduced pressure for 3 hours in a rotary evaporator. The 
adsorbed misture was placed on top of the column and elution was s tar ted with solvent system 
B. The  polarity 
of the  solvent system was changed in five steps ( k 3  liters each) by increasing the ratio of 
methanol t o  chloroform but keeping the combined volume constant and the m t e r  proportion 
unchanged until the  composition of solvent system C --as reached. Effluent fractions %-ere 
evaporated to  dryness. The residues were neighed and analyzed by thin layer chromatog- 
raphy using solvent -4. Three major pooled fractions m-ere formed: F-1-1 (3.16 g) Kith two 
zones Ri 0.45 and 0.50, F-1B 13.59 g) also with tn-o zones Rr 0.30 and 0.35, and F-IC i5 i?  g)  
with focr  main spots, Rr 0.08, 0.10, 0.15 and 0.27. 

CHROX~TOGR.IPHT OF I'R.ICTIOS F-lA.-A sample (3.16 g) of Fraction F-1-1 was dissolved 
in 2.5 ml of methanol, diluted with 27.5 ml of chloroform and applied to  a column (4 .7 x 7 5  cni) 
of silica gel (500 g) poured a s  a slurrj- in solvent system B. The column was eluted -n-ith sol- 
vent B. Effluent fractions of 85 nil n-ere collected, evaporated t o  dryness, and the residue 
weights determined. From the  elution diagram and thin layer chromatographic analysis on 
silica gel C; containing 5% silver nitrate and solvent s>-steni B, three fractions m-ere formed. 
Fraction F-1A-1 (272 nigr showed three spots Ri 0.38, 0.57 and 0.0'2 (major). Without  silver 
nitrate and solvent -1, on15- one spot,, Ri 0.50 was observed.) Fraction F-1-1-2 1233 mg) ex- 
hibited four zones Ri 0.30 (major) ,  0.48, 0.50 and 0.52. (Without silver nitrate and solvent A, 

The aqueous phase was then extracted with 3 liters of n-butanol (3 times). 

SEP.iR.ITIOS OF THE TERPESIC COUPOSESTS r R O M  THE ETHTL ACETATE SOLUBLEG (FR.iCTION 

Bioassay results are found in table 1. 

Effluent fractions of 90 ml RTere collected after passage of the holdup volume. 
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one spot, Rr 0.45, was obtained.) Fraction F-1A-3 (1.13 g) contained two spots, R f  0.3 and 
0.5, also running as  a single zone (Rf 0.45) without silver nitrate. These fractions were re- 
solved by chromatography on a silver nitrate-impregnated silicic acid column as  follows. 

Silica gel 60 (120 g) was mixed with a solution of 6 g of silver nitrate in 50 ml of a-ater. 
The solvent was removed by evaporation in a rotary evaporator followed b y  heating a t  120" 
for one-half hour t o  reduce the n-eight t o  126 g. A column (2 .6  x 50 cm) m-as poured from this  
material as a slurry in solvent B .  Separations were performed with the same solvent, and 
effluent fractions of 17 ml were analyzed by thin layer chromatography as given above. Frac- 
tions were pooled according t o  t!iese results. Any contaminating silver nitrate was removed 
by dissolving the residue in methanol (20 ml) ,  adding 2 nil of saturated aqueous sodium chloride 
t o  form silver chloride as a flocculant precipitate, and centrifuging the mixture following the 
addition of 10 ml of chloroform. Removal of the supernatant, washing of the precipitate Kith 
methanol-chloroform (2:1), and evaporating the  combined extracts left the terpenes a s  clean 
foamy solids ready for crystallization. The same column could be used repeatedly after com- 
plete elution of the sample. 

Fraction F-1A-1 (272 mg) was dissolved in 0.75 ml of methanol, diluted n-ith 9.25 ml of 
chloroform and passed through the silica gel-silver nitrate column. Effluent fractions contain- 
ing R i  0.62 material yielded kalmitoxin-1- (2); Ri 0.57 fractions gave lyoniol-A (3); and RI 0.38 
fractions afforded grayanotoxin-X\-III (4). 

Fraction F-1A-2 (233 mg) n-as dissolved in 0.1 ml of niethauol diluted n-ith 14.9 ml of 
chloroform and passed into the silica gel-silver nitrate column. Fractions x i t h  R i  0.30 ma- 
terial gave kalmitoxin-I1 ( 5 ) .  

Fraction F-1A-3 (1.13 g) was dissolved in 1.5 ml of methanol, diluted with 18.5 ml of 
chloroform and separated on the silica gel-silver nitrate column. Fractions with Rr  0.5 ma- 
terial gave kalmitoxin-IV (6), while the R i  0.28 zone yielded grayanotoxin-I1 ( 5 ) .  

CHRORf.ITOGR.APHY OF FRACTIOS F-lB.-A sample (3.59 g)  of Fraction F-1B n-as separated 
on a column (1.7 x 73 em) of 500 g of silica gel Kith solvent system B. Addition t o  the column 
was as a solution in 2.3 ml of methanol diluted m-ith 27.5 ml of chloroform. The effluent frac- 
tions (85 ml) were evaporated to  dryness, and the residues were examined b y  thin layer chro- 
matography q-ith solvent system A .  Fractions F-1B-1 (689 mg) contained mainly material 
with R f  0.35, while Fractions F-1B-2 ( i10  mg) showed a major spot a t  Rr 0.30. 

Further Separation of Fraction F-1B-1 on a silica gel-silver nitrate column with solvent 
system B, as described above for the F-lA fractions, resulted in 358 mg of residue, RI 0.35, 
from which was obtained kalmitoxin-1-1 (8). 

Separation of Fraction F-1B-2 in a similar manner gave one fraction x i t h  Rf 0.35 from 
which kalmitosin-I11 (9) was obtained, and another with R i  0.28 which gave kalmitoxin-I (10). 

CHRO\f.ITOGRAPHY OF FRACTIOS F-lC.-A sample (5.8 g) of Fraction F-1C was chromato- 
graphed on a column (4.7 x 75 cm) of silica gel with solvent system B. The material was 
placed on the column as a solution in 4.5 ml of methanol and 55.5 ml of chloroform. Effluent 
fractions of 85 ml were collected and analyzed b y  thin layer Chromatography. After approxi- 
mately 700 ml was collected, solvent system C n-as used. Fraction F-1C-1 gave a zone a t  
R f  0.27 (1.7 g) on silver nitrate-impregnated thin layer plates and solvent system A. Other 
column fractions were not further studied. 

Chromatography of F-1C-1 on a silica gel-silver nitrate column as described for Fraction 
F-lA4 with solvent system D afforded t w o  zones. The first emerging zone gave grayanotoxin- 
I11 (11), the  second, a glycoside whose structure is not yet  established. 

LYOXIOL-.I (LTOSI.ATOXIN) (3) .-The R 1 0.57 material from separation of column Fraction 
F-1.4-1 was crystallized from acetone t o  give 38 mg of dried leaves) of lyoniol-A (3) a s  
tiny colorless prisms: mp 253-4"; [a]24D-34c (c 0.28, MeOH); i r  (KBr)  vmas 3490 (hydroxyl), 
1720 (acetate), 1375, 1255 and 1095 cm-l: 'H-nmr (pj-r-da) 6 1.27 and 1.51 (2s, 2 tertiary Me),  
1.G0 and 1.91 (2s, 2 tertiary Me on hydroxyl-bearing carbon), 2.18 (s, acetate Me),  2.92 (s, H-1), 
3.27 (d, H-3, J 3 ) ,  3.91 (br t ,  H-7, J -10, changing t o  doublet J 9 with D20) ,  4.22 (d, H-2, 
J 3 ) ,  5.71 (d,  H-6, J 91, n-ith three one-proton singlets a t  4.07, 5.12 and 5.92 ppm for tertiary 
hydroxyl, and a one-proton multiplet for secondary hydroxyl a t  5.45 ppm all exchanged n-ith 
D 2 0 :  and mass spectrum d e  410 (O.l%, RIP, CzzH340ij, 393 10.8), 374 (7),  356 ( 3 ) ,  332 (l5), 
311 (li), 289 (i), 271 (9), 258 (9),  248 (loo), 230 (18), 205 ( 2 3 ) ,  193 (18), lG9 ( 2 2 ) ,  163 (39), 148 
( j i ) ,  135 (38) and 116 (38). [Lit .  (7, 8, 9 )  values: mp 250-253"; [a]"D-41' ( J IeOH);  and 1H-nmr 
spectrum with peaks as  given above.] d negative result m-as obtained in a periodate tes t  for 

GR.A~-.ISOTOSIS-S~III ('%).-The Rf 0.38 material from Fraction F-LA-1 separated on the 

a-glycols. 

silver nitrate-containing column was crystallized from isopropyl e ther  t o  give glistening needles 
(147 mg, 3 I of dried leaves) of gra)-anotosin-XT-III (4): mp 182-3": : C U ; ~ * D - ~ ~ ~  (c 0.83, 
MeOH):  ir (KBr) v mas 3360, 1624, 1370, 1025 and 892 em-': 'H-nmr (CDCls) 6 1.02 and 1.25 
(2s, 2 Mej ,  1.38 (s, Me on carbon with hydroxyl), 3.00 (dd, H-1, J 8.3, 10.5), 3.60 (d, H-3 or 
H-6, J G.4), 3.77 (dd, H-6 or H-3, J 3.0, 10.13)~ 4.96 and 5.12 (2 br  s, H-20); (pyr-de, 90 NHz) 
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6 1.14, 1.57 and 1.59 (3s ,  3 hle) ,  3.18 (dd, H-1, J 11, 11), 3.95 (dd, H-3 or  H-6, J 2 ,  7 ) ,  4.20 [br 
d, H-6 or H-3, J 9), and 5.20 (br  s, H-201: (pyr-d:, D20  exchanged) 6 1.14 (s, Me),  1.58 (s, 2 
Me), 2.98 (dd, H-1, J 10, lo) ,  3.97 (dd, H-3 o; H-6, J 3, T ) ,  4.14 (br d ,  H-6 or H-3, J 9), 5.14 
and 5.20 ( 2  br s .  H-20) Dam: 13C-nmr (u\-r-d>) 6, 19.3. 24.2 (two carbons). 25 .5 ,  25.9, 36.5, 39.5, 
44.5,41.8,'46,8,iS.O, 50.6,*52.5, 62.6, 70.8,~79.6,'81~.3, 83:6, 112.4 and 153.1 ppm: andmassspectrum 
m;e 336 (3cI,, lf-, C2aH320a) ,  318 (-IT) ,  300 ( 5 6 ) ,  282 (30), 257 (351, 239 129), 203,(27), 174 (311, 
145 (421, 135 i i G ) ,  119 (5l), 109 (61), 107 (64), 93 (82)) 69 (100) and 55 ( 7 2 ) .  ]Lit. (10) values: 
mp 162-4', [a ]25~-6 ,81  (c 2.2,  MeOH).] The 1H and 13C-nmr spectra contain the same peaks 
as  reporred 110) for grayanotosin-XT'III. 

dcetylation of grayanotosin-SJ-111 (25  mg) R-ith acetic anhydride in pyridine gave a 
product that  crystallized from methanol as  tiny needles ( le  mg):  mp 112-3" [Li t .  (10) values: 
mp 120-122" (n-hexane-diethyl ether)]; :a]23~-13~ (c 0.26, MeOH), R f  0.26 on tlc with solvent 
E and spectral (ir and 1H-nmr) peaks as  reported (10). 

GR.XI.XSOTOXIS-II (i) .-Fraction F-1-4-3 af ter  separation on the silver nitrate-containing 
column gave a zone tha t  yielded 200 mg ( 2  x 10-35) of grayanotosin-I1 from acetone a s  large 
prisms: nip 199-200": [a]210-15~ (c 0.81, MeOH):  i r  (KBr) Y mas 3380, 1613, 1405, 1230, 1055, 
1025 and 890 cm-1: 1H-nmr (pj-r-d6-D20 exchanged) 6 1.07, 1.51 and 1.55 13s, 3 Me),  3.95 (br-dd, 
H-3, J 2 ,  i ) ,  4.31 (s, H-14, without D20 a doublet, J T ) ,  4.48 (br dd, H-6, J 3 ,  7 1 ,  5.19 and 0.12 
(2s, H-20, without D,O br s a t  5.20): 13C-nmr (pyr-d5) 6, 18.6, 23.9, 24.6 (3 carbons), 39.4, 42.0, 
45.7, 50.5 ( 2  carbons), 51.1, 54.2, 60.7, 69.5, 81.0, 81.22, 81.23, 83.8, 112.0, 152.8; and mass spec- 
t rum nz e 352 ( 6 5 ,  ?l-, C20H3205) ,  334 (321, 316 ( 7 5 ) ,  298 (88) ,  280 ( 2 3 ) ,  270 f43JL?55 (131, 241 
(39), 227 (il), 215 13a), 201 (461, 159 (68), 135 (69), 107 ,(58), 91 (84), 69 (loo), and 53 ( 7 8 ) .  , [Lit. 
(11) values: mp 198", [aj1%-433.] The i r  spectrum is comparable t o  tha t  illustrated in the 
literature (12), and the i r  and 1H-nmr spectra were identical to  those of an authentic sample. 

GR.XY.LSOTOXIS-III (ll).-Chromatography of Fraction F-lC-1 on a silica gel column con- 
taining silver nitrate gave effiuent material 15 x 10-35 yield) n-hich cr>-stallized from ethyl 
acetate as colorless prisms (180 m g ) :  mp 218-22" (di with final rapid decomposition a t  -255', 
r Lal- 194 D-10' i c  0.45, lfeOH), -13" (c 0.45, E t O H j :  ir (Sujol) v mas 3280, 1453, 1373, 1030, 870 
and 710 em-': 'H-nmr ipyr-d5, D 2 0  exchanged) 6 1.17, 1.51, 1.67 and 1.87 (4s: 4 Me), 3.20 1m, 
lHj ,  3.87 (br s ,  H-31 4.55 (br dd, H-6, J 1, 11) and 5.00 ( s ,  H-14) ppm: 13C-nmr (pyr-da) 6 ,  
19.7, 22.4, 23.3, 23.8 , 'h .O,  28.3, 35 .7 ,  44.2, 51.6, 51.7, 52.4, 55.1, 56.3, 60.3, 74.0, 78.1, 79.3, 79.8, 
82.6 and 84.6 ppm: and mass spectrum n ,  e 352 13 ,ll-H?O, C Z C ~ H S ~ O ~  requires 37O), 334 i 38 ) ,  
316 ( G i ) ,  298 ( 5 3 ) ,  273 f44), 205 f50), 163 i55), 137 1701, 119 (93) 93 ilOO),,G9 ' 7 9 )  and 55 (71). 
'Lit. (13) values: mp 218" id), [a;15~-12' (c 2.3, E tOH) . ]  The tlc mobility, ir and lH-nmr 
spectra n-ere identical rrith those of an authentic sample. 

K.ALMITOXIS-I (10) .-Chromatograph>- of Fraction F-lB-2 on a silica gel-silver nitrate 
column save R i  0.28 material that  cr?-stallized from acetone as  colorless needles (330 mg, 6 x 
10-37 yield) of kalmitosin-I: mp 245-6": [aj'2D-16c (c 0.25, l IeOH):  i r  (KBr)  Y mas 3120, 1420, 
1110 and 1038 cm-1: 'H-nmr (methanol-d?) 6 1.07, 1.26, 1.31 and 1.35 ( i s ,  1 Me), 2.68 (dd, H-1, 
J 5 ,  10).  3.17 (d, H-15, J 15j, 3.12 and 3.7G i l B q ,  H-6 and H-7, J 9 . 5 ) ,  3.58 (d,  H-3, 1 3 )  and 
1.54 ( s ,  H-14): (pyr-d5, D?O eschanged, 315'Ii) 6 1.17, 1.32, 1.69 and 1.80 i i s ,  4 Me), 3.20 (dd, 
H-1, J 6.4, 10.1~1, 3.65 id, H-15; J l5),4 3.85 idd, H-3, J 2 1 ,  4.05 and 4.25 i.lBq, H-6 and H T ~ ,  
J9.51 and 5.17 i s .  H-14): '3C-nmr (nx-r-d:i 21.2. 23.6. 24.6. 25.0. 27.7 .  29.6. 37.1. 53 .3 .  53.4 (hid- 
den,,'533, 55.0, 5i.1, 57:7 ,  78.9: 80.3','80.7;'81.2,'82~9~'84.O~~nd 8 i .5 :  (D20 &th methanol as s t d )  
19.0 (q) ,  21.G ( t  1 ,  22.6 i q ,  2 carhonsi, 25.8 f t J ,  27.1 iqj, 34.0 ( t ) :  50.0 i d ! ,  50.9 i t ) ,  51.9 (si, 52.9 
id),  5 5 . 0  i s ) ,  55.4 (d) ,  78.0 (d ) ,  78.4 is,, 78.6 (dj! 80.7 i s ) ,  81.0 Id): 82.8 id) and 83.5 ( s j :  and 
mass saectrum v? 'e 386 tic;, AI-. C2r8H::O:i. 3G8 i21, 354 i l  I .  341 f2J .  327 (0.71. 325 10.7). 279 
(51 ,  258 ( 2 2 ~ ~  165 (19), 149 i '26),  129 ? i l ) , ~ 9 i  ?13), 83'(18), 7 3  h 8 ) ,  69 (loo), GO i 5 i )  and 55 ( 7 6 ) .  

*4?1g/. Calcd for C,,,H,:O;: C,  62.15: H. 8.87. 
Comparison of the ir and 'H-nmr spectra of kalniitosin-I with those of deacetylasebotosin- 

IT- (15) shon-ed them to  be the same. 

AcEri--L.\rIos or mLmToxIs-I 110) .--k-almitosin-I 125 mgj m-as heated 3 honrs on the  
steam bath rritli 1 ml each ofpj-ridine and acetic anh>-dride, then treated with 1 ml of methanol. 
;Ifter 30 min, the mixture was evaporated to  dryness and the residue chromatographed on 6 g 
of silica gel with solvent s?-steni E. The major product i R i  0.1 on t lc n-ith solvent E) ,  kalmi- 

4This doublet rrith J-15 Hz is also present in the spectra of kalmitosin-11, I11 and 1-1, as  
%-ell as the parent alcohol of kalmitosin-T7. Double resonance studies n-ith kalmitoxin-I 
using the ISDOR technique and monitoring each peak of the doublet indicated onl>- tTvo 
other peaks, a t  1.81 and 1.99 ppni, as  par t  of an -1X spin s y t e m .  Irradiation a t  these posi- 
tions in a spin-tickling experiment confirmed the relationship, and irradiation a t  1.90 x i t h  
increased pon-er collapsed the doublet at  3.65 ppm t o  a singlet. The two protons a t  C-15 ap- 
peared to  he the most likely candidates for this pattern, with H-a (pro-R) placed a t  the down- 
field position, since the h>-dros!-ls at  C-7, C-14 and C-16 are properly located for deshielding. 

Found: C, 61.86: H ,  8 . 8 1 5 .  
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toxin-I tetraacetate (12, 17 mg) was crystallized from ether-hexane: mp 135-6"; [c~]*~D+61' 
(c 0.17, MeOH); ir (CHCI,) v mas 3575, 1747, 1375, 1210-1255,1032 and 908 cm-'; 1H-nmr (CDC13, 
DzO exchanged) 0.98, 1.03, 1.31, 1.35 (4s, 4 Me),  2.02, 2.05 (double intensity) and 2.21 (3s, 4 Ac), 
3.28 (dd, H-1, J 4, l l) ,  4.79 (d, H-3 J 8 ) ,  5.21 and 5.30 (ABq, H-6 and H-7, J 10) and 5.81 ppm 
(s, H-14): (py -d .  D20 exchanged) 6 1.19, 1.32, 1.43 and 1.82 (4s, 4 Me),  1.94, 2.10, 2.14 and 
2.30 (4s, 4 Ac), 3% (dd), H-1, J 6, lo), 5.01 (br  d, H-3, J 4),  5.71 and 5.87 (ABq, H-6 and 
H-7, J 9.5) and 6.45 (s, H-14): and mass spectrum m / e  554 (3%, M+, C ~ ~ H ~ Z O I I ) ,  536 (3), 521 
(i), 494 (3), 476 (14), 434 ( 2 5 ) ,  418 (i3),  374 (93), 356 ( 5 2 ) ,  314 (86), 296 (46), 213 (68), 162 (751, 
153 ( 8 2 ) ,  109 (100). 

A minor amorphous product (8 mg, l i i  0.4 on tlc n-ith solvent E) was also eluted from the 
column and was formulated as kalmitoxin-I pentaacetate (13) on the basis of the 'H-nmr spec- 
trum (CDCI,) 6 0.99, 1.03, 1.31 and 1.54 (4s, 4 hlej, 1.99, 2.02 and 2.05 (double intensity) and 
2.14 (4s,jAAc),3.33 ( d d , H - l , J 4 ,  l l ) , 4 . i 9  (d,H-3, J5) ,5 .26  (s,H-5andH-6) and5.69 (s ,H-l4) .  

ACETOXIDES FROM KALMITOXIN-I ( l O ) . - A  solution of kalmitoxin-I (50 mg) in 5 ml of dry 
acetone containing 5 pl of 60% perchloric acid vias allox-ed to  react for 30 min, then treated 
with 2 ml of saturated sodium bicarbonate. The mixture was filtered, and the filtrate was 
evaporated under vacuum. The residue was tri turated with benzene-ethyl acetate (3:l) t o  
give 60 mg of an acetonide mixture after evaporation of solvent. Chromatography of the 
product on a 24 g column of silica gel with solvent F with analysis of 1 ml effluent fraction 
gave in Fraction No. 31-35, 10 mg of a diacetonide mixture (1H-nmr results) which was not 
further studied. 

The residue from Fraction S o .  69-79 contained dianhydrokalmitoxin-I acetonide-A (14) 
which crystallized from acetone-hexane as large needles (10 mg) :  mp 203-4"; ir (CHCls) v max 
3480, 1655. 1638. 1383. 1370. 1200-1235. 1077. 895 and 883 em-1: 1H-nmr ICDCl,. Do0 exchanged) 
6 1.00, 1.20, 1.35 and'1.13 (4s, 4 Me),  3.25 (dt, unassigned, J 16, 2),  3.66 (dd,"H-j, J 2, 7),?.09 
(s, H-6 and H-i), 4.31 ( s ,  H-14), 5.02 (2H), 5.09 and 5.14 (3s, H-17 and H-20): and mass spec- 
trum m ' e  390 ( 4 5 ,  M+, Cz3H,,0,), 375 (lo),  332 (13, M-MetCO), 314 (52), 253 (23), 225 (25 ) ,  
199 (34), 157 (36), 145 (41), 129 (5lj ,  105 (61j, 91 (loo), 79 (64). 69 153) and 59 (72). . . .  , . , . , . , , ,  

The. residue from Fraction S o :  81-90 crystallized from acetone as needles (3 mg) of di- 
anhydrokalmitoxin-I acetonide-B (15): mp 165"; ir (CHCla) v max 3530, 1655, 1640, 1383, 1370, 
120j-1235, 1167, 1075, 995, 890 and 847 cm-1; 1H-nmr (CDC13, D20 exchanged) 1.08, 1.22, 1.36 
and 1.42 (is,  4 Me),  1.79 (d, Me-17, J 1.3), 3.65 (dd, H-3, J 2 ,  7 ) ,  4.01 and 4.24 (4Bq,  H-6 and 
H-7, J 9.3), 4.51 (s, H-l4), 4.99 and 5.06 (s, H-20), and 5.43 (m, wj4 4 Hz, H-15); and mass spec- 
trum nz/e  390 (505, )I-), 375 (21), 3i2 ( 8 ) ,  332 (15), 314 (loo), 297 (171, 285 (31), 267 (13), 91 
(31). and 59 (12). A 2 mg sample of the acetonide 15 n-as acetylated (acetic anhydride and 
pyridine) to a diacetate with Rf 0.66 on tlc and solvent F, and 'H-nmr spectrum 6 1.03, 1.13, 
1.34 and 1.40 (4s, 4 Me), 1 .77  (d, H-17, J 1.3), 2.07 (s, 2 Ac), 3.78 and 4.06 (ABq, H-6 and H-7, 
J 9.4), 4.9 (m obscured, H-3), 4.93 and 5.00 (s, H-20), 5.56 (br s, H-15) and 5.66 (8,  H-14). 

KALMITOXIN-I1 ( 5 )  .-The column fraction from separation of Fraction F-1-4-2 on silica 
gel-silver nitrate was crystallized from toluene-methanol to  give 95 mg (2 x lO-3% yield) of 
kalmitoxin-11: mp 187-8": Lcr]2z~-520 (c 0.43, RIeOH); ir (KBr)  v max 3240-3460, 1628, 1445, 
1408, 1045, 895 and 883 cm-1; 1H-nmr (pyr-d:) 6 1.21, 1.55 and 1.59 (3s, 3 Me),  3.27 (br s, l H ) ,  
3.29 (d, l H ,  J l 4 ) ,  3.8i (br t ,  H-1, JS.G),  3.99 (dd, H-3, J 2 ,  7 ) ,  4.48 (s, H-6 and H-7, after D20 
exchange an 4 B q ,  1.39 and 4.46, J 8),  4.62 (br d ,  H-14, J 4, becomes singlet on D20 exchange), 
5.17 and 5.24 (2s, H-20); 13C-nmr (pyr-dj) 19.0, 24.3 (2 carbons), 24.7, 25.6, 39.4, 45.1, 49.2, 51.1, 
54.1, 55.2 (2 carbons), 73.8, 78 .2 ,  80.i, 81.2, 82.4, 83.2, 112.3 and 153.2; and mass spectrum n / e  
368 (l%, AI-, C H3,Os), 350 (9), 332 (74), 314 (701, 296 (33), 285 (51), 268 (371, 267 (371, 245 
(33), 205 (37), 1% (43), 159 ( 5 5 ) ,  115 (62), 135 (581, 119 (GO) ,  105 (701, 91 ,(88), 69 (100) and 58 
(100). The chemical ionization (i-butane) mass spectrum showed a quasimolecular ion a t  m / e  
369 (0.7%, MH+) and base peak at  315 (100,31H-3H20). 

K.iLmToxIs-I1 TETRA.~CETATE.--X 27 mg sample of kalmitoxin-I1 ( 5 )  was mixed n i t h  1 ml 
each of acetic anhydride and pyridine, and kept a t  ambient temperature for 25 hrs. The 
residue remaining af ter  evaporation of the reaction mixture --as chromatographed on 5 g of 
silica gel with solvent s!-stem E. Crystallization from diethyl ether gave 28 mg of kalmitosin- 

2.20 (s, Ac),  3.26 (br s, l H ) ,  3.45 (br 

374 (38), 356 (98, AIL3 AcOH), 338 (72), 314 ( T i ) ,  296 (98. AI-4 AcOH). 278 184). : 
( G i ) ,  109 (65), 91 (72) and 69 (100). 

KiL\rIToxIx-III (9) .-The fraction from the silica gel-silver nitrate column separation of 
Fraction F-1B-2 which sho-n-ed tlc R r  0.35 was crystallized from acetone to  give colorless 
prisms (157 mg, 4 x l O P 5 )  of kalmitoxin-111 (9): mp 252-4"; [c~]*~~+f3"  (c 0 54, AIeOH); ir (Fujol)  
P max 3430, 1745, 1380, 1240, 1123, 1043 and 910 cm-l; 'H-nmr (pyr-d,) 6 l .Oi, l .58 (double inten- 
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si tyj ,  1.85 (3s, 4 Me),  2.20 (s, .Ac), 3.33 (dd, H-1, J 5 ,  l o ) ,  3.86 (d, J 14.7), 3.89 (br  d ,  H-3, J 
i), 4.27 i t ,  H-7, J 10, on DzO exchange changes to  doublet, J lo) ,  5.35 (d, H-14, J 6, with DzO 
becomes singlet), and 5.93 (d, H-6, J 9.5):  and mass spectrum m : e  410 (15, XI-HzO, CzzH3608 
needs 425), 392 (5), 374 ( l i) ,  358 (IS), 332 ( 5 2 ) ,  314 (100, AI-AcOH-3 H@), 296 (35j, 271 ( io) ,  
209 142); 191 (651, 171 (62), 109 (63), 91 (79) and 60 (91). The chemical ionization (i-butane) 
mass spectrum showed m e 429 (0 .25 ,  AIH) and base peak at  315 1100, MH-3 HZO-AcOH). 

HYDROLYSIS OF ILXLMITOXIS-111 (9) TO PALMITOXIS-I (10).--A solution of 11 mg of kalmi- 
toxin-I11 in 2 ml of 5cc methanolic sodium h?-droxide was allon-ed to  react for 5 hours a t  am- 
bient temperature. The residue remaining after evaporation of the solvent under vacuum 
was dissolved in 0.7 ml of methanol and diluted x-ith 9.3 ml of chloroform. The solution was 
added to a column of 2 g of silica gel and eluted with chloroform-methanol (93::). The eluted 
material (8.5 mg) crystallized from acetone as prisms, mp 245' [ c Y ] * ~ D - ~ ~ "  (c 0.5, 1IeOH);  
and gave i r  and 1H-nmr spectra superimposable n-ith those of kalmitosin-I (10). 

SODILX MET.LPERIOD.\TE TEST o s  LILJIITOXIS-I11 (9) ASD KALJIITOSIS-I (10) .-The test was 
based on the literature procedure of Wood e t  17 / . ,  (19). Kalmitoxin-I11 ( 1 . 5  nig) m-as dissolved 
in 0.3 nil 0.111 pH 4.7 sodium acetate-acetic acid buffer and treated with 0.3 ml of 0.111 sodium 
metaperiodate and left to stand for 1.5 hrs.  Evaporation of solvent under vacuum and analy- 
sis of the residue b>- tlc m-ith solvent -1 indicated no change in the start ing material. A 
similar test n-ith kalmitoxin-I (10) showed complete loss of start ing material. 

K.iLmToxIs-11- (61.-The fraction n-ith Ri 0.5 material from the silica eel-silver nitrate 
column separation of Fraction F-1.1-3 mas crystallized from methanol t o  give400 mg 110-2c.C) 
of large colorless needles of kalmitoxin-I\ 16). mp 231-3" jcu]?*o-33" (c 0.76, 1IeOH),  i r  (KBr)  
Y ma\ 3450, 1718, 1373, 1250, 1095, 1038, 897 and 855 cni-' 'H-nmrj (CDCl,, DzO exchanged) 
6 1.00, 1.27,  1.38 and 1.49 (4s, 1 Me), 2.14 is, AAc), 3.25 and 3.83 (2d, H-3 and H-2, J 3 , ,  3.59 
and 5.24 (;iBq, H-7 and H-6, J 9.7) ,  and 4 46 (s, H-14). and mass spectrum ?)I e 408 12Yc, 11- 
HzO, C?ZH,,O, requires 4261, 390 ( 2 ) ,  372 ( 2 ) ,  348 ( 2 ,  lI-H~O-;lcOH), 330 (8), 312 ( i ) ,  264 (lo), 
246 (161, 203 (141, 191 (261, 161 126), 149 126), 116 136), 109 O G ) ,  85 (421, 55 (35) and 43 1100). 
The chemical ionization (I-butane) mass spectrum contained a quasimolecular ion a t  VI e 427 
(0 .45 ,  M H )  with the base peak a t  85. 

HI-DROLI-31s OF KALVITOXIS-I~- (6). -1) To D E . ~ C E T I - L K . ~ L ~ ~ I T O X I S - ~ ~ -  (16) .-An 11 mg 
sample of kalmitoxin-11- was treated x-ith 1 ml of 5 s  methanolic sodium hydroxide for 5 hrs,  
a t  anihient temperature. Ethyl  acetate (7 ml) was added and the mixture w-ashed with brine. 
The brine --as hack extracted with ethyl acetate (3 x 7 ml),  and the combined ethyl acetate 
solutions dried over anhydrous sodium sulfate. The residue left on evaporation of the solvent 
was crystallized from methanol t o  give glistening needles of deacetylkalmitoxin-IT- (16): mp 
240-3': [cY~*~D-@' ( c  0.18, 1IeOH);  i r  (KBr) Y mas 3440, 1373, 1150, 1035 and 855 em-': 'H-nmr 
(pyr-da, D?O exchanged) 6 1.29, 1.55, 1.61 and 1.89 (4s, 4 )le), 2.94 (s, H-l), 3.28 and 1.22 i2d, 
H-3 and H-2, J 3), 3.70 (d, J 151, 4.04 and 4.24 (.ABq, H-6 and H-7, J 9.5) and 5.13 (s, H-14): 
and mass spectrum m / e  306 (0.3, II-HzO, Cz~Hj20: requires 384), 348 (131, 330 (191, 312 (13), 
301 (16)) 245 (28) ,  209 (loo), 191 (81), 163 (66), 140 ( 7 2 ) ,  116 (631, 85 (59) and 55 (63). 

B) T o  B~~-DE.XC~TILKALJ~ITOXIS-~I  (17).-&A solution of 18 mg of kalmitoxin-IT- 16) in 7 
ml of 0.111 sodium acetate buffer a t  pH 1.7 was stirred with 2.5 g of neutral alumina for 1 hr.  
Then 0.5 g of sodium carbonate was added, the mixture was filtered, and the filtrate evaporated 
a t  reduced pressure. The residue was dissolved in 5 ml of 5 s  methanolic sodium hydroxide 
and allowed t n  react overnight. Ethyl  acetate (7 ml) xvas added and the mixture extracted 
with brine. The aqueous phase m-as reextracted with ethyl acetate (7 ml, 3 times), and the 
combined ethyl acetate extract m-as evaporated to  dryness after drying n-ith sodium sulfate. 
The residue showed two spots (RiO.22 and 0.41) or tlc with solvent system A corresponding to  
bis-deacetylkalmitoxin-1-1 (li) and deacetylkalmitosin-I\-, respectively, when cochromato- 
graphed with authentic samples. The bis-deacet!-lkalmitosin-T-I (17) zone shon-ed the same 
mobilitJ- as an  authentic sample n-irh the folloq-ing tlc solvent s - s t ems :  methylene chloride- 
isopropJ-1 alcohol-water-acetic acid (80:20:2:0.1 j R i  0.38: benzene-isopropyl alcohol-water 
(40:15:2) R i  0.28: and carbon tetrachloride-isopropyl alcohol-water-acetic acid (80:2@:20.1) 
Rf 0.25. 

REDI-CTIOS OF KALXITOXIS-II- (6) TO KALMITOXIS-I (10) .--I 15 mg sample of kalmitosin-IT' 
in 1 nil of dry tetrahJ-drofuran was treated n i t h  15 mg of lithium aluminum hj-dride suspended 
in 1 nil of  tetrahJ-drofuran. .1fter refluxing 2 hrs,  the reaction x i s  quenched m-ith 1 nil of 
eth>-l acetate,  then 1 ml of ethanol was added and the mixture was refluxed for 15 min. Filtra- 
tion of the reaction mixture and evaporation of rhe filtrate left a residue tha t  %-as dissolved in 
0.85 nil of methanol and diluted n-ith 9.15 nil of chloroform. The solution was passed into a 

jIn p>-ridine-da kalmitoxin-11- shows, with time, the appearance of a second acetate singlet 
which suggests that  an  acj-l migration is occurring, hut this observation was not investigated 
further. 
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2 g column of silica gel. 
mg) from acetone. 
(ir and 'H-nmr) were identical with those of kalmitoxin-I (10). 

material as  described for kalmitosin-I11 (9) with kalmitoxin-I ( l O j  serving as  the positive 
control. No reaction was observed with kalmitoxin-11- (6).  

K-ILJIITOXIS-T (2) .-The silica gel-silver nitrate separated Fraction F-1A-1 gave a residue 
that  crystallized from methanol as  tiny colorless needles (17 mg, 4 s of kalmitoxin-1- 
(2): mp 234-5': [aIS4o-9O (c 0.005, AIeOH); i r  IKBr) Y m a s  3490, 3430, 1745, 1720, 1375, 1255, 
1230, 1095, 897 and 855 cm-l: 'H-nnir (CDCl,, D 2 0  exchanged) 6 0.94, 1.25, 1.31 and 1.51 (4s, 
4 Are), 2.07 and 2.09 ( 2 5 ,  2 a c j ,  2.56 (s, H-l), 3.25 and 3.85 (2d, H-3 and H-2, J 3),  4.41 (s, H- 
14), 5.25 and 5.44 (ABq, H-6 and H-i> J 10) i and mass spectrum vi/e 450 (O.l%, Rl-H,O, C2:Hdh 
requires468), 432 (0.21, 408 ( O . l ) ,  390 (0.4), 374 (3),  348 ( O . G ) ,  330 (3), 312 (3), 246 (E), 204 (181, 
161 (33), 135 (383, 109 ( G G ) ,  83 (95) and 55 (100). The  chemical ionization (i-butane) mass 
spectrum showed a quasimolecular ion peak a t  d e  469 (2%, M H )  n-ith base peak at  313 (100, 

HYDROLYSIS OF KALMITOXIS-\- (2).-A 5 mg sample of kalmitosin-1- (2) was left a t  ambient 
temperature in 0.5 ml of 5% methanolic sodium hydroxide for 3 hrs. The reaction mixture 
was diluted with 1 ml of water and extracted n-ith ethyl acetate (3 x 5 ml) .  The combined 
ethvl acetate solution was dried (sodium sulfate) and evaporated a t  reduced pressure to  give a 
rcsl'due showing a single spot on tlc m-ith solvent A. The residue crystallized from methanol 
t o  give glistening needles, mp 210-3', of bis-deacetylkalmitosin-\-, n-hich showed the same Ri  
on tlc, 'H-nmr spectruni and mp as  deacetj-lkalmitosin-11- (16). 

K.ALJIITOXIK-T-I (8) .-The fraction from chromatography of Fraction F-1B-1 on a column 
of silica gel-silver nitrate was crvstallized from 2-butanone t o  give 240 mg (6 x of kalmi- 
tosin-TI (8):  mo 225-8": ralZ3n<l.O" (c 0.46. MeOH):  i r  IKBr'l Y mas 3500-3420. 1730. 1373. 

Elution with solvent system B gave a material that '  crystallized (5  
I t s  t lc mobilitv, melting point, specific rotation and spectral properties 

SODIC?d hfEThPERIOD.iTE TEST ON KALJIITOXIN-IT (6) .-The test was performed on 2 mg Of 

IIH-2 H20-2 AcOH). 

\ - - ,  
1240, 1110; 1030; 895 and 805 em-'; 1H-nmr -(pj'r-d5, D',O exchanged) 6 l .% (GH), l k 3 ,  1.85 (3s; 
4 Me), 2.15 and 2.34 (2s, 2 i ic) ,  3.27 (d, H-1, J 5.7), 3.80 (d, J 15), 4.11 (d, H-3, J 3),  4.21 (d, 
H-G, J 101, 5.18 (dd, H-2, 1 5 . 7 ,  3),  5.73 (d, H-7, J 10) and G.33 (s, H-14); W - n m r  (pyr-dh) 6, 
20.7, 21.7 ( 2  carbons), 2 2 . 2 ,  24.1, 21.9, 27 .2 .  30.0, 50.2, 51.8, 55.1, 55.5, 55.9, 60.0, 75.3, 77.4, 
78.4, 83.6 (2 carbons),' 82.7,'83.3,'86.9, '170.4'and 171.3; 'and mass spectrum mie 4GS (0.9%, hl- 
HzO, C ~ ~ H ~ S O I O  requires 4861, 450 (4), 432 (4), 414 (4), 408 (2) ,  390 (22), 372 (23), 348 (GO), 330 
( loo) ,  312 (96), 294 (99), 228 (40), 200 (40), 91 (42) and GO (40). 

<4nal. Calcd for C,,H,SOIO: C, 59.24; H, i . 87 .  Found: C, 59.19; H ,  7.895;;. 

HYDROLYSIS 01' I L ~ L M I T O X I N - ~ - ~  (8).-A 14 mg sample of kalmitosin-VI (8) was left a t  
ambient temperature for 3 hrs in 2 ml of 5% methanolic sodium hydroxide. The  reaction work 
up was as  described for the hydrolysis of kalmitoxin-IV. The product residue was dissolved 
in 0.15 of methanol, diluted with 0.85 ml of chloroform, and applied t o  a 3 gm silica gel column. 
Elution b y  chloroform-methanol (17:3) yielded 11 mg of bis-deacetylkalmitoxin-TI (17) which 
crystallized from acetone: mp 220-1"; [a lZ4~-3Oo (c 0.56, MeOH):  i r  (KBr)  Y max 3400, 1370, 
1110, 1040,910,805 and 770 cm-1: 1H-nmr (pyr-dh, D20 exchanged) 6 1.53,1.66 (double intensity), 
1.80 (3s, 4 Me),  2.96 (d,  H-1, J 5.7), 3.57 (d,  J 1 5 ) ,  3.95 and 4.41 (AB q,  H-7 and H-6, J 9.4); 
4.07 (d, H-3, J 3),  5.10 (m hidden, H-2) and 5.11 (s, H-14); and mass spectrum nile  384 (0.4, 
lI-H,O, CIOH,,OE. requires 402), 366 (l), 348 (18), 330 (30), 312 (14), 287 (18), 264 (2 l ) ,  246 (28), 
209 (loo), 191 (98), 163 ( T i ) ,  140 ( G i ) ,  109 (67), 93 (67) and 55 (GO). 

SODILM METAPERIODATE TEST os KALMITOXIN-TI (8) .-The test was quantitated according 
to  Jackson (22). Kalmitosin-1-1 (4.8 mg, 0.01 mmoles) in 25 ml of 0 . lM acetate buffer p H  
4.7 m-as mixed with 30 ml of 0.001M sodium metaperiodate solution and allowed to  react fof 2 
hrs a t  ambient temperature. Potassium iodide (50 mg) was added and followed, after 15 min, 
by 70 ml of a standard sodium arsenite solution (9.81 s 10-45). Ten minutes later 0.2 g of SO- 
dium bicarbonate and 1 ml of 0,5yo starch solution W-ere added. Titration of the excess arsenite 
x-ith 9.36 s l O - , S  iodine solution required 8.5 ml (less blank), while the standardgrayanotoxin- 
111 (11, 3.7 mg, 0.01 nimoles) needed 5.1 ml. Kalmitosin-\-I consumed 1.7 times as  much 
periodate as  grayanotosin-111, 
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