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Insecticidal Activity of Various 3-Acyl and Other Derivatives of 
Veracevine Relative to the Veratrum Alkaloids Veratridine and 
Cevadine 

Istvhn Ujvlry,’J Bryan K. Eya,t Richard L. Grendell, Robert F. Toia, and John E. Casida’s 

Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences, University of 
California, Berkeley, California 94720 

Sixty-five 3-acyl derivatives of veracevine, including 44 aromatic and 21 aliphatic esters or related 
derivatives, were isolated or prepared and their insecticidal activities determined by topical application 
to adult houseflies and milkweed bugs. Of these the naturally occurring veratridine [3-(3,4-dimethox- 
ybenzoy1)veracevine J and cevadine [ 3- [ (Z)-2-methylbut-2-enoyl]veracevine] are near optimal in potency. 
Piperonyl butoxide synergism indicates that oxidative detoxification limits the toxicity of all the 
compounds to houseflies. Five other veratridine and cevadine derivatives examined are inactive, but 
the related protoveratrine A has high insecticidal potency. The most active of the synthetic aliphatic 
esters, 3-pivaloylveracevine, is equally potent to or less potent than cevadine. In the aromatic ester 
series, the 2,5- and 3,bdimethoxy analogues are more potent than veratridine and the 3,5-dimethoxy 
compound is also improved in selective toxicity, i.e., LDw ratio for mice vs the insects tested. These 
findings lay the background for determining the relative importance of metabolism and receptor site 
sensitivity in species specificity. 

INTRODUCTION 

Veratrum preparations, from plants of the Liliaceae 
family, were used for centuries in the treatment of 
circulatory disorders and the control of insects (Kupchan 
and Flacke, 1967; Kupchan and By, 1968; Crosby, 1971). 
However, they were superseded in medicine by other 
alkaloids and synthetic drugs with fewer side effects and 
in agriculture by simpler and more effective synthetic 
insecticides. The major biologically active principles 
belong to a unique class of C-nor-D-homosteroidal alkaloids 
whose structure and stereochemistry were assigned in the 
1950s after decades of extensive chemical investigations 
[Barton et al., 1954; Kupchan et al., 1959; reviewed by 
Narayanan (1962)l and later confirmed by X-ray crys- 
tallography (Codding, 1983). 

The alkaloids of greatest biological significance in this 
series are the ceveratrum esters, which are characterized 
by a high degree of hydroxylation and a hemiacetal bridge 
between the A and B rings. Specific examples are ver- 
atridine (1) and cevadine (2)) Le., the 3-veratroyl and 3-an- 
geloyl esters, respectively, of veracevine (3), which have 
been recognized as the insecticidal principles of “saba- 
dilla” preparations from Schoenocaulon officinale (also 
known as Veratrumsabadilla) (Ikawaet al., 1945; Crosby, 
1971). Some species specificity has been noted; aromatic 
ester 1 is more toxic than aliphatic ester 2 to houseflies 
(Musca domestica) (Ikawa et al., 1945), whereas the reverse 
is noted for milkweed bugs (Oncopeltus fasciatus) (Allen 
et al., 1945). The toxicity of sabadilla to houseflies is 
increased by various pyrethrum synergists, including pip- 
eronyl butoxide (PB) (Blum and Kearns, 1956)) suggesting 
~~ ~ ~~ ~ 
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1:  R = 3,4-(Me0)2Ph verotridine 
2: R = (2)-MeCH=CMe cevadine 
3: C-3 hydroxyl verocevine 

the involvement of oxidases in the detoxification of these 
compounds. Related Veratrum alkaloids, e.g., germitrine 
and protoveratrine5 A and B, are also highly toxic to 
housefly larvae (Bergmann et al., 1958). 

X = H protoverotrine A 
X = OH protoveratrine E 
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Apart from these observations there are no systematic 
investigations on the relationship between structure and 
insecticidal activity of the Veratrum alkaloids. The 
present study, as a first step, focuses on the influence of 
an acyl group introduced at  the C-3 hydroxyl of veracevine, 
as derived from both aromatic and aliphatic carboxylic 
acids. A limited number of esters of other hydroxylgroups 
of the parent compound are also considered, as well as 
some other derivatives. Specifically, this paper establishes 
the structure-activity relationships for the compounds in 
houseflies and milkweed bugs and for houseflies after pre- 
treatment with PB such that oxidative detoxification is 
minimized. It also investigates their selective toxicity to 
insects compared with mice. 

MATERIALS AND METHODS 

Chemicals. General Procedures. Proton and 13C NMR 
spectra were recorded at  300 and 75 MHz, respectively, on a 
Bruker WM-300 spectrometer for samples in deuteriochloro- 
form with tetramethylsilane as the internal standard. Attached 
proton test (APT) spectra were obtained according to the method 
of Patt and Shoolery (1982). IR spectra were measured in 
chloroform on a Perkin-Elmer 1600 series FTIR spectropho- 
tometer. Electron impact mass spectrometry (MS) at  70 eV 
involved the direct insertion probe at  200 "C with a Hewlett- 
Packard 5985B system. Fast atom bombardment (FAB) spectra 
were obtained by using a Kratos MS-50 instrument (Department 
of Chemistry, University of California, Berkeley, CAI. Melting 
points were determined on a Fisher-Jones apparatus and are 
uncorrected. Analytical and preparative TLC utilized silica gel 
plates (0.25 and 1 mm, respectively) and cyclohexane/ethyl 
acetate/triethylamine (7:2:1) for development. The compounds 
were visualized first under UV, then by exposure to iodine vapor, 
and finally by dipping the plate into an ethanolic solution of 3 % 
vanillin containing 1% HzS04 and heating briefly a t  110 "C. 
Preparative column and flash column chromatographies, the 
latter effected by using Pasteur pipets, were carried out on silica 
gel 60 (0.063-0.20 and 0.040.063 mm, respectively) with cy- 
clohexane/ethyl acetate/triethylamine (100:5-301) for elution. 

Veraceuine and Otherzntermediates. Alkaloids 1 and 2 orig- 
inally present in commercial veratrine (Sigma Chemical Co., St. 
Louis, MO) in a 2:l ratio were separated by column chroma- 
tography, as above. Veracevine (3) was obtained from veratrine 
by mild alkaline hydrolysis according to the method of Pelletier 
and Jacobs (1953). Cevine, the 3a-epimer of 3, was prepared by 
alkaline isomerization of 3 (Kupchan et al., 1953; Pelletier and 
Jacobs, 1953). 4-Ethynylbenzoic acid, 3,4-dimethoxyphenyl iso- 
cyanate, and 2,3,3-trichloroacryloyl chloride were prepared as 
described by Havens and Hergenrother (1984), Brunner and 
Wtihr1(1934), andBergmannand Haskelberg (1941), respectively. 
Other acylating agents were obtained from commercial sources 
or prepared according to conventional procedures. Methylene 
chloride was distilled from CaH2, and pyridine and triethylamine 
were dried over KOH pellets. CAUTIONARY NOTE Appro- 
priate care should be exercised in the handling of isocyanates 
and acid chlorides. 

3-Acyl Derivatives (Methods A-E) (See Tables Z and ZZ for 
the Reaction Conditions Used and Selected Characteristic 
Physical Properties of the Products). Various 3-acyl derivatives 
were prepared from 3 either with the appropriate acid chloride 
in the presence of an acid scavenger or with the acid, directly, 
by dicyclohexylcarbodiimide (DCC) mediated coupling. Thus, 
3 (45 mg, 0.088 mmol) was treated with the desired acid chloride 
(1.5-4 molar excess) under one of two conditions: method A, in 
pyridine; method B, in methylene chloride with pyridine or tri- 
ethylamine as acid scavenger. Alternatively, 3 was reacted with 
the free acid (2.5-4 molar excess), DCC (2-4 molar excess), and 
a catalytic amount of 4-(dimethy1amino)pyridine (4-DMAP) in 
pyridine (method C) or in methylene chloride and pyridine 
(method D). The reagents were mixed at  0 "C, and then the 
reaction mixture was stirred at room temperature until TLC 
monitoring indicated that most of the alcohol was consumed 
(8-48 h). In some cases an additional equivalent of acid chloride 
or acid plus DCC was needed for sufficient conversion of the 
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starting alcohol. For workup, the reaction mixture was poured 
into ice-cold aqueous NHdOH solution (5 mL, pH 81, and then 
the product was extracted into chloroform (5 X 15 mL). The 
organic extracts were combined, washed with brine, dried 
(MgSOd), and concentrated, and the residue was purified by 
preparative TLC. After drying at  0.1 mmHg/100 "C for 1 h, the 
products were obtained as amorphous solids, >95% pure as 
indicated by TLC and lH NMR. In particularly efficient ac- 
ylations the initial workup steps were omitted and the reaction 
mixtures were separated directly by preparative TLC. For non- 
UV-visualizable aliphatic derivatives, the crude products were 
purified by flash pipet column chromatography, except for the 
chloroacetyl derivative (60) which was obtained directly by 
crystallization from ethyl ether/acetone. Special conditions 
(method E) were needed for some of the experiments. The 2,2- 
dimethylbutyryl ester (57) was only obtained via the anhydride, 
which had been prepared by a p b t r a n s f e r  reaction (Plusquellec 
et al., 1988). Acylation with N-methylisatoic anhydride (Brown 
and Bradley, 1985) in benzene/tetrahydrofuran gave a mixture 
of the fluorescent C-3 acyl derivative (26) and its (2-16 isomer, 
which were subsequently separated by repeated chromatogra- 
phy. The NJV-diethylaminoacetyl derivative (61) was synthe- 
sized by treating a benzene solution of the 2-chloroacetyl 
derivative (60) with excess diethylamine. Carbamates 45, 46, 
and 65 were prepared from the corresponding isocyanates in py- 
ridine by using a catalytic amount of 4-DMAP. 

OtherAcylDerivatiues (Method F) (TablesZZZ). 1 was treated 
with excess acetic anhydride in pyridine according to the method 
of VejdBlek et al. (1957) to give the 4,16-diacetyl derivative (68). 
Cevadine D-orthoacetate (71) was synthesized as described 
previously (Stoll and Seebeck, 1952). Thus, intramolecular b a e e  
acid-catalyzed methanolysis (Kupchan et al., 1966) of cevadine 
4,16-diacetate, prepared by acetylation of 2 with acetic anhydride/ 
perchloric acid, yielded cevadine D-orthoacetate 4-monoacetate 
which, in turn, was subjected to mild alkaline hydrolysis a t  C-4 
to give cevadine Dorthoacetate (71). 

Other Deriua tiza tions (Method G )  (Table ZZZ) . 0804-mediated 
Lemieux dihydroxylation of 2 withN-methylmorpholine N-oxide 
in aqueous acetonitrile in the presence of pyridine (Rayand Mat- 
teson, 1980) afforded two diastereomers of the uic-dihydroxy 
derivative (62) which were not separated. Silylation of 3 with 
tert-butyldimethylsilyl chloride in methylene chloride containing 
triethylamine and a catalytic amount of 4-DMAP yielded the 
corresponding silyl ether derivative (66). Treatment of 1 with 
excess methyl iodide in benzene in a capped vial for 24 h at  60 
"C afforded the N-methiodide (69), which was recrystallized from 
ether/acetone. Veratridine N-oxide (70) was prepared by briefly 
heating 1 with excess 30% aqueous hydrogen peroxide in 
methanol, as described previously for 3 (Pelletier and Jacobs, 
1953), and purified by TLC. 

Bioassays. Insecticidal activity was determined with adult 
female houseflies and adult milkweed bugs by topical application 
of the test compounds in acetone (0.5 and 1.0 pL for the flies and 
bugs, respectively) to the ventrum of the abdomen. Synergized 
toxicity in flies was assayed by topical pretreatment on the 
abdomen with PB at  250 pg/g 1 h before application of the 
candidate insecticide. Treated flies in batches of 10 were held 
with sugar and water and treated bugs in groups of 2-4 with 
water for 24 h at  25 "C. The experiments were repeated three 
or four times with a 2-fold dose differential. The reproducibility 
of the assays was verified by using 1 as the internal standard in 
each series. The toxicity to mammals was determined with male 
albino Swiss-Webster mice (18-22 g) 24 h after intraperitoneal 
(ip) administration of a methoxytriglycol solution of the test 
compound. LDw values were determined from log dose-probit 
mortality plots. 

RESULTS 

Structural  Assignments and NMR Spectroscopy 
(Tables 1-111). In the assignment of structures to the 
new esters and related derivatives, the key issues were to 
confirm the introduction of the modifying group and to 
verify its position of attachment. 13C NMR and IR 
spectroscopy were particularly suited to the first point; 
specifically, the formation of the ester is indicated by the 
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Table I. Physical Properties and Selected Spectroscopic Data for Veracevine Derivatives Containing a 3-Aromatic Ester or  
Related Substituent 

compd preparation NMR (CDCls), ppm 
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no. R at C-28 methodo yield, % mp, "C IR v C 4 ,  cm-1 H-3b C-3 C-28 

1 

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 

46 
46 

phenyl 
1-naphthyl 
2-naphthyl 
2-thienyl 
2-pyrrolyl 
3-nicotinyl 

2-MeOPh 
3-MeOPh 
4-MeOPh 
2,3-(MeOhPh 
2,4-(MeO)zPh 
2,5-(MeO)zPh 
3,5-(Me0)2Ph 
3,4,5-(MeO)aPhc 

4-i-PrOPh 
3-MeO A-EtOPh 

4-EtOPh 

3,5- (EtO) 2Ph 

3,440CHzO)Ph 
3-MeO,4-(HC=CCHzO)Ph 

3-PhOPh- 
4-Me0-1-naphthyl 

2-MeNHPh 
4-MezNPh 
4-MeC(O)NHPh 

4-MePh 
3,5-Me~Ph 
4- t-BuPh 
2-ClPh 
4-ClPh 
3,4-ClsPh 
2,6-F2Ph 
FaPh 
4-MeSPh 
4 - H C d P h  
4 - N e P h  
4-NsPh 

PhCH-CH 
3,4-(Me0)2PhCH=CH 
3,4-(MeO)zPhOCHz 
3,4-(Me0)2PhCHz 

PhNHc 
3,4-(MeO)zPhNH 

A 
C 
C 
C 
D 
C 

B 
D 
C 
B 
B 
D 
D 
A 
C 
C 
D 
D 
C 
C 
C 
D 

E 
C 
B 

C 
D 
C 
A 
B 
A 
A 
A 
C 
D 
A 
D 

A 
C 
C 
C 

E 
E 

Veratridine 
170-175d 

Unsubstituted Aroyl and Heteroaroyl 
92 174-175 
73 170-171 
37 173-175 
54 185-187 
21 188-190 
28 225-227 dec 

Alkoxy- and Aryloxyaroyl 
38 146-147 
60 160-161 
40 168-169 
49 162-163 
12 140-142 
42 154-156 
50 164-166 
21 233-235 
46 147-148 
60 170-172 
50 140-141 
64 140-141 
30 143-146 
36 168-170 
52 166-171 
63 166-168 

Aminobenzoyl 
35 168-169 
18 156-158 
50 201-202 

63 154-155 
35 156-157 
68 186-187 
77 183-185 
59 175-176 
32 175-176 
52 158-160 
29 150-151 
60 163-165 
14 140-141 
45 235-236 
54 157-158 

Other Substituted Benzoyl 

Related Aromatic and Heterocyclic 
38 168-170 
38 153-154 
10 153-154 
21 128-130 

Carbamates 
20 185-186 
15 160-161 

1695 

1710 
1702 
1710 
1701 
1684 
1718 

1710 
1706 
1700 
1710 
1699 

1700,1716 
1700 
1700 
1698 
1700 
1698 
1700 
1700 
1710 
1710 

1700,1716 

1673 
1678 
1700 

1703 
1700 
1702 

1722,1711 
1711 
1718 
1720 
1727 
1709 
1711 
1717 
1700 

1698 
1697 
1753 
1725 

1723 
1716 

5.14 75.2 

5.12 75.7 
5.27 75.8 
5.24 75.9 
5.11 75.9 
5.14 75.0 
5.21 76.1 

5.15 75.6 
5.16 75.8 
5.13 75.6 
5.16 75.9 
5.11 75.4 
5.14 75.8 
5.15 75.9 
5.16 76.0 
5.12 75.5 
5.12 75.5 
5.14 75.6 
5.15 75.8 
5.15 75.7 
5.11 75.7 
5.15 75.8 
5.22 75.4 

5.09 75.0 
5.09 75.3 
5.11 75.5 

5.14 75.7 
5.15 75.7 
5.15 75.6 
5.18 76.4 
5.16 75.9 
5.13 76.3 
5.18 obsc 
5.20 77.3 
5.14 76.6 
5.16 76.0 
5.20 76.4 
5.15 75.8 

5.05 75.4 
5.04 75.4 
5.03 75.9 
4.92 75.5 

4.88 76.1 
4.86 76.2 

166.3 

166.9 
168.0 
167.4 
162.7 
161.9 
165.6 

166.5 
166.9 
167.1 
167.0 
166.3 
166.5 
166.9 
167.0 
167.5 
167.1 
167.1 
166.9 
166.9 
166.6 
166.4 
167.8 

169.3 
168.2 
166.4 

167.3 
167.7 
167.2 
166.2 
166.1 
165.0 
161.6 
obsc 
166.9 
166.4 
165.1 
166.3 

167.8 
168.1 
169.7 
172.5 

154.1 
154.5 

See Materials and Methods. d, J = -3.5-4.4 Hz. MS [M+] 673 for 1,703 for 17, and 628 for 45. Lit. 160-180 "C (Kupchan et al., 1953). 

13C resonances for the newly introduced carbonyl group 
at  162-168 ppm for the aromatic and at 170-178 ppm for 
the aliphatic carbonyl carbons (C-28) and by an absorption 
at  - 1680-1730 cm-l in the IR spectra. In selected cases 
CI-MS or FAB-MS spectra were also recorded to further 
characterize the compounds. Relative to the position of 
derivatization, only three of the seven hydroxyl groups in 
the starting material (3) are readily accessible to acylating 
agents, and these have a distinct order of reactivity (C-3 
>> (2-16 >> (2-4) (Narayanan, 1962). In addition, earlier 
lH NMR studies on Veratrum alkaloids (It6 et al., 1964) 
and related compounds (Mohrle et al., 1968), and more 
importantly the recent complete 13C and lH assignments 
of 1 and 2 (Krishnamurthy and Casida, 1988), provide the 

necessary information for assigning the key resonances in 
the present compounds. 

For acyl or other derivatives 4-68, changes with regard 
to the spectra of starting materials 1,2, or 3 are only seen 
in the chemical shifts of those protons and carbon atoms 
and their neighbors, which are affected by the particular 
reaction. The chemical shifts of the other protons and 
carbons show differences of only fO.O1 and k0.2 ppm, 
respectively. For example, in the parent alkaloid 3, protons 
at C-3 and C-16 resonate as a doublet at 3.74 ppm (J = 
4 Hz) and as an apparent triplet at 4.15 ppm (J = 3 Hz), 
respectively. Acylation at C-3 is characterized by a down- 
field shift of the C-3 proton to -5.1 and -4.9 ppm for 
aromatic and aliphatic esters, respectively. Acylation at 
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Table 11. Physical Properties and Selected Spectroscopic Data for Veracevine Derivative6 Containing a 3-Aliphatic Ester or 
Related Substituent 

compd preparation NMR (CDCb), ppm 
no. R at C-28 method' yield, % mp, OC IRvC==O,cm-l H-36 C-3 (2-28 

Cevadine 

2,3-Alkenoyl 

2' (2)-MeCH=CMe 209-21od 1698 5.00 74.5 167.8 

47 (E)-MeCH=CMe C 60 230-232( dec 1697 4.97 75.2 168.6 
48 Me2C=CH C 40 234-245 dec 1692 4.93 74.5 167.5 
49 C12C=CCl B 14 177-179 1725 5.05 77.5 160.5 

50 
51 
52 
53 
54 
55 
56 
57 
58 
59 

Me 
n-Pr 
i-Pr 

c-Pr 
c-Pen 

CHsCH2CMe2 
MesCCHz 
(Z)-M~(CHZ)~CH=CH(CH~)~ 

t-Bu 

(*)-s-B@ 

Alkanoyl and Cycloalkanoyl 
A 69 196-2001 

A 71 153-154 
A 32 144-146 
B 38 170-171 
A 24 245-246 dec 
A 23 196-19Sh 
E 30 153-155 
A' 50 201-202 
C 51 68-70 

A 68 234-235 dec 
1724 4.91 75.1 171.9 
1719 4.90 74.9 174.5 
1720 4.92 74.8 177.8 
1716 4.90 74.9 176.0 
1710 4.90 75.3 176.0 
1716 4.91 74.8 177.7 
1716 4.94 74.8 177.6,177.8 

1710,1722 4.92 74.7 178.9 
1711,1721 4.94 74.8 173.4 

1722 4.92 75.0 174.9 

Related Alkanoyl Derivatives 
60 ClCH2 B 80 214-215dec 1726, 1754 5.00 76.6 167.5 
61 EhNCH2 E 53 124-125 1727 4.96 75.0 172.2 
62 (*)-MeCH(OH)C(OH)M# G 12 178-180 1726 5.01 76.2,76.4 175.1,175.6 
63 ( ~R,C~S)-~-(BI~C=CH)-~,~-M~~-C-P~ A 56 151-152 1710 4.85 75.3 171.1 
64 i-Pro B 64 154-155,224 dec 1726 4.75 78.2 155.2 
65 t-BuNH E 16 166-167 1700 4.69 75.3 156.8 

66 t-BuMe~S9 
3-0-Silyl Ether 

G 24 169-171 3.68 74.2 
4 See Materiala and Methods. b d, J = -3.5-4.4 Hz. MS [M+] 591. Lit. 209-211 OC (Kupchan et al., 1953). Changed crystal form at -160 

O C .  f Lit. 205-207 OC (Kupchan et al., 1953). 8 Mixture of two stereoisomers. h Lit. 198-200 "C (Vejdglek et el., 1957). With catalytic 4-DMAP. 
j IR 838 cm-l (SiOC), lsC NMR 18.0 ppm (SiCC). 

Table 111. Physical Properties and Selected Spectroscopic Data for Other Veratridine and Cevadine Derivatives 

no. compd method' yield, % mp, "C IRuC=O, cm-l MS [M+] H-3b C-3 (2-28 
67 3a-epiveratridine Ab 41 148-149' 1710 673 4.95d 76.5 165.8 
68 4,16-diacetylveratridine F 50 163-165 1716,1735,1748 757 5.95e 70.5 165.1 
69 veratridine N-methiodide G 58 208-210 1700 f 5.W 76.18 166.18 
70 veratridine N-oxide G 82 192-194 1692 h 5.14 75.1 167.0 
71 cevadine 12,14,17-0rthoacetate F 81 220-221' 1700 615 5.08 75.1 168.3 

preparation NMR (CDcls), ppm 

a See Materials and Methods. * From cevine. Lit. 147-149 OC (VejdBlek and TrCka, 1955). dd, Jb,3 = 5.7 Hz; 5%,3 = 9.2 Hz. d, J = 3.5 
Hz. I [M - I]+ 689 (FAB). 8 Acetone-&. [M + 1]+ 690 (FAB). Lit. 241-245 O C  dec (Stoll and Seebeck, 1952). 

(2-16 involves a shift of the (2-16 proton to -5.3 ppm. In 
the diacylated derivative of 1, the C-3 proton appears at  
-5.9 ppm as a doublet (J = 3.5 Hz). The coupling 
constants for each of the 'H resonances in question are 
not affected substantially, indicating that the conformation 
of the parent compound is maintained. Less significant 
but still characteristic shifts are seen in the corresponding 
13C data for the C-3 carbon, which is deshielded by0.6-3.6 
ppm depending on the acyl moiety. The 13C shifts at  (2-16 
and C-4 are less useful in this context. I t  is noteworthy 
that the NMR studies can be used to substantiate the 
earlier results on the relative reactivities of the various 
hydroxyl groups; reactions with even 3-fold excess of the 
acylating agent gave products regioselectively acylated at  
the C-3 hydroxyl with only traces of the C-4- or C-16- 
monoacyl products. 

In the two esters derived from chiral acylating agents, 
the 13C resonances of the acyl moiety are distinct. Thus, 
for the diastereomers of ester 56, the resonances of the 
acyl moiety appear at  177.6 and 177.8 ppm for C-28,41.1 
and 41.2 ppm for a-C, 26.8 and 26.9 ppm for 8-C, 16.4 and 
16.5 ppm for p'-C, and 11.4 and 11.5 ppm for 7-C. 
Moreover, in the dihydroxy ester 62, obtained by cis-di- 
hydroxylation of the double bond of 2, in addition to the 

various carbon atoms of the acyl group appearing as 
distinct resonances, the diastereomeric C-3 carbons are 
also observed (76.2 and 76.4 ppm). 

Other Derivatives. In the 'H spectrum of 3a-epi- 
veratridine (67) the axial C-3 proton appears as a char- 
acteristic double doublet (Jze,3 = 5.7 Hz, J&,3 = 9.2 Hz) at  
4.95 ppm. Relative to 1, the 13C spectrum of its epimer 
67 shows several distinct features; i.e., C-3 is deshielded 
by 1.3 ppm (from 75.2 to 76.5 ppm), C-4 is shielded by 1.3 
ppm (from 77.8 to 76.5 ppm), and C-1 and C-5 are 
deshielded by 1.9 and 4.4 ppm, respectively, presumably 
due to the Ygauche effect. 
4,16-Diacetylveratridine (68) formation is indicated by 

the appearance of two methyl singlets at  2.01 and 2.09 
ppm in the 'H spectrum and signals at  21.6, 21.8, 165.1, 
and 168.8 ppm in the 13C spectrum. For compounds 69, 
70, and 7 1, conventional one-dimensional NMR techniques 
were not sufficient for unambiguous assignments of the 
resonances of interest in the proton and carbon NMR 
spectra. However, on the basis of the results of earlier 
studies with related systems or model compounds (Its et 
al., 1964; M6hrle et al., 1968) as well as APT, 'H-lH COSY, 
and one-bond 1H-13C COSY experiments, the relevant 'H 
and 13C NMR signals of these derivatives could be 
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identified. Supporting evidence for the structural as- 
signments is provided by the IR and MS spectra. 

Two derivatives were prepared involving modifications 
at  nitrogen. In methiodide 69, the quaternary N-methyl 
resonance is observed as a singlet a t  3.54 and 54.2 ppm in 
the lH and 13C NMR spectra, respectively. In addition, 
the (2-18, (3-22, and C-26 resonances are all shifted down- 
field by 9.6, 3.5, and 10.2 ppm with regard to those of 1 
(51.2,63.3, and 61.0 ppm, respectively). In agreement with 
results of 1H NMR studies with quinolizidine model 
systems related to cevine (Mbhrle et  al., 1968), both the 
lH and 13C NMR spectra of 69 suggest that quaterna- 
rization of the nitrogen atom of 1 proceeds with inversion 
at  nitrogen. Veratridine N-oxide (70) is characterized by 
a band a t  947 cm-l in its IR spectrum and a deshielding 
of the resonances at  C-18, C-22, and C-26 by 15.6,1.4, and 
11.5 ppm, respectively, relative to 1 (see above). 

The last compound considered here is cevadine 
12,14,17-0rthoacetate (71). The orthoacetate functionality 
is indicated by a three-proton singlet at  1.57 ppm in its 
*H spectrum and the characteristic COC bands at  -1140 
cm-l in the IR spectrum. Formation of the cage structure 
requires conformational changes in the D-ring from chair 
to twist-boat, as noted earlier (It6 et al., 1964), which are 
reflected in the lH spectrum of 71 relative to that of 2, e.g., 
by downfield shifts of the singlet of the C-21 protons (to 
1.21 from 1.11 ppm) and of the triplet of the C-16 proton 
(to 4.27 from 4.12 ppm) as well as a change in its coupling 
constant (to 7.5 from 3.1 Hz). The I3C spectrum shows 
characteristic changes of the chemical shifts of the C-12- 
C-22 carbons. For example, the chemical shifts for C-12 
and C-14 in 71 are 89.3 and 85.7 ppm (81.5 and 80.5 ppm, 
respectively, for the corresponding carbon atoms in 2) while 
(2-16 resonates a t  71.2 ppm (70.7 ppm for 2). The signals 
appearing at  74.8 and 75.6 ppm are assigned to quaternary 
carbons (2-17 and (2-20. 

Insecticidal Activity. General. Forty-four of the 73 
compounds examined show significant insecticidal activity 
to either houseflies or milkweed bugs or to both. The 
most active veracevine esters with aromatic acids and 
related acyl groups are shown in Table IV and with 
aliphatic acyl groups and related substituents are given in 
Table V. The parent alcohol (3) shows no toxicity to either 
houseflies or milkweed bugs (no kill at  50 and 17 pg/g, 
respectively), indicating that the 3-hydroxyl group must 
be esterified for insecticidalactivity (Table VI). In general, 
the toxicity to houseflies of both the natural esters 1 and 
2 as well as the active synthetic analogues is synergized 
2- and 15-fold with PB. 

3-Aromatic Ester and Related Derivatives of Ver- 
acevine (Tables Zand Z V ) .  The natural product 1 is among 
the most active compounds with LDM of 6.5 and 2.6 pg/g 
for houseflies with PB and milkweed bugs, respectively. 
The most active analogues are the 2,5- and particularly 
the 3,5-dimethoxybenzoates 15 and 16, respectively. The 
potency of 13 other compounds to one or more frequently 
to both species is within 2-fold that of 1, i.e., 1-naphthoate 
5,2- and 3-methoxybenzoates 10 and 11, various di- and 
trialkoxybenzoates 13, 14, 17, and 20-22, methoxynaph- 
thoate 25, 3,5-dimethylbenzoate 30, dimethoxyphenyl 
acetate 44, and phenyl carbamate 45. Many other 
3-aromatic esters and related derivatives of each type are 
less active insecticides. 

3-Aliphatic Esters and Related Derivatives of Ver- 
acevine and Protoveratrines A and B (Tables ZI and V). 
The natural product 2 is overall the most active aliphatic 
ester derivative of 3 examined (LDm of 10 pg/g for 
houseflies with PB and 0.51 pg/g with milkweed bugs). 
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Table IV. Insecticidal Activity of Veracevine Derivatives 
Containing a 3-Aromatic Erter or Related Substituent 

compda housefly 
LDm, wglg 

no. R at C-28 noPB +PB milkweedbug 

1 

4 
5 
6 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 

29 
30 
32 
35 
36 
40 

42 
44 

45 

Veratridine 

Unsubstituted Aroyl 

3,4-(Me0)2Ph 18 6.6 

phenyl >50 18 

2-naphthyl 50 24 

2-MeOPh > 50 7.6 
3-MeOPh 30 4.0 
4-MeOPh 33 13 
2,3-(MeO)zPh >50 14 

2,5-(MeO)gPh 13 2.3 
3,5-(MeO)zPh 9.4 1.4 
3,4,5-(MeO)~Ph 34 17 
4-EtOPh >50 27 
4-i-PrOPh >50 29 
3-MeO-4-EtOPh 27 11 
3,5-(EtO)zPh 10 3.0 
3-Me0,4-(HCdCH2O)Ph 50 7.0 
3,4-(OCHzO)Ph 45 17 
3-PhOPh >50 50 

1-naphthyl 50 3.4 

Alkoxy and Aryloxyaroyl 

2,4- (Me0)sPh 32 7.5 

4-MeO-1-naphthyl 50 9.0 

Aminobenzoyl 
2-MeNHPh >50 23 
4-MezNPh 23 13 

4-MePh >50 15 
3,5-MezPh 50 5.5 
2-ClPh >50 33 
2,6-FzPh >50 20 
FsPh 23 23 
4-NaPh >50 14 

(E)-3,4-(MeO)$PhCH=CH >50 >50 
3,4-(MeO)zPhCHz >50 >50 

PhNH 45 >50 

Other Substituted Benzoyl 

Related Aromatic and Heterocyclic 

Carbamates 

2.6 

>17 

>17 
5.8 

2.2 
5.8 

5.1 

1.5 
0.51 
4.3 

>17 

11 

>17 
>17 

5.1 
5.8 
5.9 

>17 
>17 

4.1 

>17 
8.8 

>17 

>17 
>17 
>17 

17 

3.2 

9.7 
3.6 

4.3 
0 Analogues with LDw > 50 pg/g with PB for housefly and LDm 

> 17 pg/g for milkweed bug are 7-9,28,31,33,34,37-39,41,43, and 
46. 

Comparison of 2, 47, and 48 indicates that the configu- 
ration of the double bond in the acyl group is more 
important in the toxicity to milkweed bugs than to 
houseflies. The tert-butyl or equivalent moieties appear 
to be important in conferring activity since they occur in 
the other more active aliphatic esters (53,57, and 58) and 
a carbamate (65) of 3. 

Protoveratrine A with the monohydroxymethylbutyryl 
substituent is the most potent aliphatic ester examined. 
The protoveratrines have the same steroid skeleton as the 
veracevine series but differ in their hydroxylation pattern. 
However, the importance of the acyl moiety is again 
illustrated since protoveratrine B with the dihydroxy- 
methylbutyryl substituent is much less active. 

Other Derivatives (Table ZZI). The 3-epimer (671, 
4,16-diacetyl derivative (68), N-methylderivative (69), and 
N-oxide derivative (70) of 1 and the orthoester derivative 
(71) of 2 were not active at  the maximum dose tested (i.e., 
no kill at  50 pg/g for houseflies alone or with PB or 17 
pg/g for milkweed bugs). 

Selective Toxic i ty  of Veratrum Alkaloids and 
Analogues (Table VI).  The natural esters 1 and 2 are 
both highly toxic to insects and mice relative to their hy- 
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Table V. Insecticidal Activity of Veracevine Derivatives 
Containing a 3-Aliphatic Ester or Related Substituent and 
of Protoveratrines A and B 

Ujvary et al. 

the pyrethroids (Jacques et al., 1980; Pauron et al., 1989). 
Cross-resistance relationships support these differences; 
i.e., resistance to pyrethroids in Super kdr houseflies 
extends to aconitine (Bloomquist and Miller, 1986) but 
not to batrachotoxin (Pauron et  al., 1989) or 1 (Bloomquist 
and Soderlund, 1988). 

As for the pyrethrins (Elliott, 1989), 1 and 2 are botanical 
insecticides containing an ester functionality and in which 
the acyl group is a significant determinant of the biological 
activity (Bergmann et al., 1958; Leibowitz et al., 1987; Ve- 
jdglek and TrEka, 1955). A similar situation extends to 
batrachotoxin, the arrow poison from frogs (Warnick et 
al., 1975). The ryanoid-type esters, however, provide an 
interesting contrast since in ryanodine the pyrrolecarbox- 
ylate group is necessary for mammalian toxicity and 
binding at  the Ca2+-activated Ca2+ channel but is not a 
prerequisite for insecticidal activity (Waterhouse et al., 
1987). These considerations provided the impetus to 
evaluate in a systematic way the influence of the acyl group 
in derivatives of the Veratrum alkaloids and to determine 
if the naturally occurring esters confer optimal insecticidal 
activity and selective toxicity. The present study estab- 
lishes that aromatic esters of 3 with electron-rich sub- 
stituents at  the ortho or meta positions and especially 
methoxy group(s) result in both more potent and selective 
insecticides. Results with two related polyester steroid 
alkaloids, protoveratrines A and B, show that the 3-(di- 
hydroxymethy1)butyryl compound A is about 6 times more 
toxic to houseflies than its (monohydroxymethy1)butyryl 
analogue B. In contrast, a similar dihydroxy ester of ve- 
racevine, synthetic derivative 62, is inactive, indicating 
that the substituents on the steroid skeleton play a decisive 
role in activity. Investigations focusing on the steroid 
nucleus are needed if the minimal structural requirements 
for selective insecticidal activity are to be established. 

Although the veratrum alkaloids played an early role in 
medicine, they were known to be acutely toxic in mammals 
(Swiss and Bauer, 1951; Vejdglek and TrEka, 1955). In 
addition, they have an unfavorable therapeutic ratio (an- 
tihypertensive vs emetic effect). Attempts to improve the 
hypotensive activity and safety led to detail structure- 
activity investigations (Kupchan and Flacke, 1967; Green 
et al., 1985) but did not yield practically useful analogues. 
In the present study, which emphasizes insecticidal 
activity, the observed variations in structure-activity 
relationships among houseflies, milkweed bugs, and mice 
suggest species differences in their metabolism or phar- 
macokinetics or in their Na+ channel receptor sites. A 
portion of the species variations in sensitivity is probably 
due to oxidative detoxification as evident by the PB 
synergism ratio of 2-15-fold for different compounds with 
houseflies. 

The discovery of more potent insecticidal analogues with 
improved selectivity (e.g., 16 of this study) is a prelude to 
and provides background information for the differenti- 
ation of the relative importance of metabolism and receptor 
site sensitivity as determinants of species specificity. 
ABBREVIATIONS USED 

APT, attached proton test; DCC, dicyclohexylcarbo- 
diimide; 4-DMAP, 4-(dimethy1amino)pyridine; FAB, fast 
atom bombardment; ip, intraperitoneal; MS, mass spec- 
trometry, PB, piperonyl butoxide; Me, methyl; Et, ethyl; 
Pr, propyl; Bu, butyl; Pen, pentyl; Ph, phenylor substituted 
phenyl; n, normal; i, iso; s, secondary; t ,  tertiary; c, cyclo. 
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compda housefly 
no. R a t  C-28 no PB +PB milkweed bug 

Cevadine 

2,3-Alkenoyl 

2 (Z)-MeCH=CMe >50 10 0.51 

47 (E)-MeCH=CMe >50 13 1.7 
48 MezC=CH >50 14 3.1 

50 Me >50 16 > 17 
52 i-Pr >50 25 >17 
53 t-Bu > 50 9.4 4.1 
45 (&)-S-BU >50 15 17 
57 CHaCH2CMe2 >50 13 5.8 
58 Me3CCH2 >50 22 3.2 

64 i-Pro >50 30 >17 
65 t-BuNH >50 23 4.9 

protoveratrine A 33 1.6 2.2 

Alkanoyl and Cycloalkanoyl 

Others 

Related Veratrum Alkaloids 

protoveratrine B >50 10 
,I Analogues with LDw > 50 rg/g with PB for housefly and LDm 

> 17 pg/g for milkweed bug are 49,51,54,55,59-63, and 66. 

Table VI. Selective Toxicity of Veratrum Alkaloids and 
Analogues 

LDw ratio, 
mouse/insect 

compda LDm, mg/kg with PB bug 
mouse ip housefly milkweed 

veratridine (1) 9.0 1.4 3.5 
cevadine (2) 5.8 0.6 11 
3-(3,5-dimethoxy- 7.5 5.4 15 

3-pivaloylveracevine (53) 8.3 0.9 2.0 
protoveratrine A 0.20 0.1 0.09 

benzoy1)veracevine (16) 

a Veracevine (3) is not toxic at the discriminating levels in this 
study, Le., mouse ip LDm > 100 mg/kg, housefly LDm > 50 rg/g 
alone or with PB, and milkweed bug LDm > 17 rg/g. 

drolysis product 3. In a comparison of potent aliphatic 
esters, the synthetic analogue 53 is not improved relative 
to the natural 2 in their selective toxicity to PB-treated 
houseflies and to milkweed bugs vs ip-treated mice. 
Interestingly, in the aromatic esters, synthetic 16 (the most 
potent insecticide prepared) is greatly enhanced in se- 
lective toxicity relative to natural 1. Protoveratrine A is 
favorable in its insecticidal activity but not in its selective 
toxicity. 

DISCUSSION 

The neurotoxicity of the Veratrum alkaloids and related 
compounds is attributable to their modification of the 
properties of the Na+ channel. Alkaloid 1 and the 
structurally related batrachotoxin, aconitine, and gray- 
anotoxin activate receptor site 2 of the voltage-dependent 
Na+ channel in excitable membranes by prolonging its 
open state (Catterall, 1980,1988; Codding, 1983; Kosower, 
1983). Compounds 1 and 2 and 3-(4-ethoxybenzoyl)ver- 
acevine (compound 18 in the present study) modify Na+ 
channels in the same way (Leibowitz et al., 1987). On the 
basis of the effects of these highly hydroxylated neuro- 
toxins on 22Na+ influx, [3H]saxitoxin and [3H]batrachotox- 
inin A 20a-benzoate binding, and electrophysiological 
properties, the receptor binding site differs from that of 
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