
J. Agric. Food Chem. 1990, 38, 493-496 483 

icu Lutim; Behar, M,, Bressani, R., Eds.: Publicaciones INCAP: 
Guatemala, 1970; p 228. 

Jenkins, D. J .  A.; Wolever, T. M. S.; Taylor, R. H.; Barker, H. 
M.; Fielden, H. Exceptionally low blood glucose response to 
dried beans: comparison with other carbohydrate foods. Br. 
Med. J .  1980,281, 578-580. 

Jenkins, D. J. A.; Ghafari, H.; Wolever, T. M. S.; Taylor, R, H.; 
Jenkins, A. L,; Barker, H. M.; Fielden, H.; Bowling, A. C. 
Relationship between rate of digestion of foods and post- 
prandial glycaemia. Diabetologia 1982a, 22, 450-455. 

Jenkins, D. J. A,; Thorne, M, J,; Camelon, K.; Jenkins, A.; Ven- 
keteshwer Rao, A.; Taylor, R.; Thompson, L. U.; Kalmnsky, 
J.; Reichert, R.; Francis, T. Effect of processing on digestibil- 
ity and the blood glucose response: a study of lentils. Am. 
J .  Clin. Nutr. 198213, 36, 1093-1101. 

Jenkins, D. J.  A,; Wolever, T. M. S.; Thorne, M. J.; Jenkins, A. 
L.; Wong, G. S.; Josse, R. G.; Csima, A, The relationship 
between glycemic response, digestibility and factors influenc- 
ing the dietary habits of diabetics. Am. J .  Clin. Nutr. 1984, 
40, 1175-1191. 

Kataria, A.; Chauhan, B. M. Contents and digestibility of car- 
bohydrates of mung beans (Vigna radiata) as affected by 
domestic processing and cooking. Plant Foods Hum. Nutr. 
1988,38, 51-59. 

Liener, I. E. Significance for humans of biologically active frac- 
tions in soybeans and other food legumes. J .  Am. Oil Chem. 
SOC. 1979, 56, 121-129. 

Morbn, D.; Melito, C.; Tovar, J. Effect of indigestible residue 
from foodstuffs on trypsin and pancreatic a-amylase activ- 
i ty  in vitro. J. Sei. Food Agric. 1989, 47, 171-179. 

Nielsen, S. S. Degradation of bean proteins by endogenous and 
exogenous proteases - A review. Cereal Chem. 1988,65,435- 
442. 

O'Dea, K.; Wong, S. The rate of starch hydrolysis in vitro does 
not predict the metabolic responses to legumes in vivo. Am. 
J .  Clin. Nutr. 1983, 38, 382-387. 

Ologhobo, A. D.; Fetuga, B. L. Effects of different processes on 
the carbohydrates of lima bean. Die Nahrung 1988,32,173- 
117. 

Russell, P. L.; Berry, C. S.; Greenwell, P. Characterization of 
resistant starch from wheat and maize. J .  Cereal Sei. 1989, 
9, 1-15. 

Schinagel, A.; Tovar, J. Fibra dietetica de leguminosas. Obten- 
cibn por mbtodos enzimiticos. Acta Cient. Venez.  1987,38, 
453-458. 

Shaheen, S. M.; Fleming, S. E. High fiber foods at breakfast 
influence on plasma glucose and insulin responses to lunch. 
Am. J.  Clin. Nutr. 1987, 46, 804-811. 

Siljestrom, M.; Bjorck, I.; Eliasson, A,-C.; Lonner, C.; Nyman, 
M.; Asp, N.-G. Effect on polysaccharides during baking and 
storage of bread - in vitro and in vivo studies. Cereal Chem. 
1988, 65, 1-8. 

Siljestrom, M.; Eliasson, A.-C.; Bjorck, I. Characterization of 
resistant starch from autoclaved wheat starch. Starch/ 
Starke 1989, 41, 147-151, 

Singh, U. The inhibition of digestive enzymes by polyphenols 
of chickpea (Cicer arietinum L.) and pigeon pea (Cajanus 
cajan L. Millsp). Nutr. Rep. Znt. 1984,29, 745-753. 

Socorro, M.; Levy-Benshimol, A.; Tovar, J .  In vitro digestibil- 
ity of cereal and legume (Phaseolus uulgaris) starches by 
bovine, porcine and human pancreatic a-amylases. Effect of 
dietary fiber. SturchlStbrke 1989, 41, 69-71. 

Tappy, L.; Wursch, P.; Randin, J .  P.; Felber, J. P.; JBquier, E. 
Metabolic effect of pre-cooked instant preparations of bean 
and potato in normal and diabetic subjects. Am. J .  Clin. 
Nutr. 1986, 43, 30-36. 

Theander, 0.; Westerlund, E. Studies on dietary fiber. Improved 
procedures for analysis of dietary fiber. J .  Agric. Food Chem. 

Tovar, J.; Bjorck, I.; Asp, N.-G. On the nutritional properties 
of starch and dietary fiber in cassava bread. Nutr. Rep. Znt. 

Wursch, P.; Del Vedovo, S.; Koellreuter, B. Cell structure and 
starch nature as key determinant of the digestion rate of starch 
in legumes. Am. J .  Clin. Nutr. 1986, 43, 25-29. 

Wursch, P.; Acheson, K.; Koellreuter, B.; JBquier, E. Metabolic 
effects of instant bean and potato over 6 hours. Am. J .  Clin. 
Nutr. 1988,48, 1418-1423. 

1986, 34, 330-336. 

1989,39, 1237-1246. 

Received for review April 25, 1989. Accepted September 19, 
1989. 

Registry No. Starch, 9005-25-8, 

A Heliothis zea Antifeedant from the Abundant Birchbark Triterpene 
Betulin 

Fulgentius N, Lugemwa,t Fu-Yung Huang,+ Michael D. Bentley,*,+ Michael J. Mendel,$ and 
A. Randall Alfordx 

Departments of Chemistry and Entomology, University of Maine, Orono, Maine 04469 

Four triterpenoids bearing a,@-unsaturated A-ring functionality have been prepared from betulin, an 
abundan t  and readily isolated triterpene found in the  bark of birch (Betula spp.) .  These compounds 
were evaluated as antifeedants in laboratory leaf-disk choice assays against bollworm larvae, Helio- 
this zea. One triterpenoid, 19~,28-epoxy-2-(@-~-glucopyranosyloxy)-l8~-o~ean-l-en-3-one (VIII), was 
found to display high antifeedant activity. 

The presence of defensive phytochemicals confers upon 
many species of plants a degree of protection against insect 
herbivores. These allelochemicals may ac t  as insecti- 

cides, repellents, growth regulators, or antifeedants. There 
is thus considerable interest i n  application of these com- 
pounds, or related synthetic models, as components of 
integrated pest management (IPM) programs for protec- 
tion of agricultural crops (Cutler, 1988; Whitehead and 
Bowers, 1983). Antifeedants, or feeding deterrents, are 
often highly specific in their action, an advantage in IPM 
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applications. In addition, they may be systemic and  are 
likely to be readily biodegradable, A potential disadvan- 
tage is the common difficulty of separating pure anti- 
feedants from phytochemical mixtures and  the conse- 
quent necessity of using complex phytochemical extracts 
for which quality control may be a problem. Due to the 
frequently high structural complexity of antifeedants, total 
synthesis of many of theee compounds for use in agricul- 
ture is unlikely. We have thus been particularly inter- 
ested in developing synthetic compounds structurally 
related to naturally occurring antifeedants, particularly 
those that can be readily and  inexpensively prepared from 
abundant  natural sources or from inexpensive synthetic 
chemicals. 

Betulin {I) is a triterpene tha t  occurs in the bark of 
birch (Betula species). In view of the  ease of isolation 
of I and the widespread occurrence of birch in the north- 
ern latitudes of the  world, we have directed our atten- 
tion toward developing applications for this currently little- 
used resource. In the case of the paper birch, Betula 
papynfera, betulin constitutes about 12% of the dry weight 
of the bark (O'Connell e t  al., 1988) and as much as 30% 
in Betula uerrucosa, a Scandinavian species (Ekman, 1983). 
It can be efficiently extracted from the  pulverized bark 
with toluene, chloroform, or ethanol and isolated in greater 
than 95% purity by recrystallization. The major impu- 
rity is lupeol, but high-purity betulin can be obtained by 
silica gel column chromatography. 

Betulin has been reported to exhibit some antifeedant 
activity against the aphid (Myzus perszcae) (Schoonhoven 
and  Derksen-Koppers, 19761, but we have found it to be 
inactive as an antifeedant against spruce budworm (Cho- 
ristcmeura jumiferana) ,  Colorado potato beetle (Leptl-  
notarsa decemlineata), bollworm (Heliothis zea), and fall 
armyworm (Spodoptera frugiperda).  With functional- 
ity in the A and E rings, betulin offers the possibility of 
substantial structural modification, Since a,Q-unsatur- 
ated systems have frequently exhibited biological activ- 
ity, we have focused on preparation and assay of this class 
of compounds from betulin. Here we report a semisyn- 
thetic antifeedant of t ha t  class that  is active against the 
bollworm, Hdiothis zea. 

MATERIALS AND METHODS 

NMR spectra were obtained on a Varian XL 200 and FTIR 
spectra on a Biorad FTS-60 system. Medium-resolution mass 
spectra were recorded on a HP-5985-B system and high-resolu- 
tion spectra on a VG-70E at Auburn University by Dr. George 
Goodloe. 

a. Preparation of Materials. I .  Isolation of Betulin (n. 
Betulin was isolated from mixed bark of paper birch (B.  papy -  
rifera) and gray birch (Betula populifolia). Pulverized, dry bark 
(1 kg) was extracted overnight with chloroform on a Soxhlet 
apparatus. The extract was evaporated to dryness under vac- 
uum to  give 215 g of crude betulin, which was purified by col- 
umn chromatography on silica gel eluted with 5% ethyl acetate/ 
hexane. The pure compound [lo8 g; mp 255-256 "C [lit. mp 
254 "C (Schulze and Perot, 1922)]] exhibited the following spec- 
tral properties: IR (KBr) 3400, 3080, 1645, 1450, 1380, 1010, 
890 cm-'; 'H NMR (CDC1,) 6 4.68 (m, 1 H, 29-H), 4.58 (m, 1 

1 H, 28-H), 3.17 (m. 1 H, 3-H), 2.38 (m, 1 H, 19-H), 1.05-2.05 
(complex, CH,, CH), 1.68 (m, 3 H, 30-H), 1.02, 0.98, 0.97, 0.82, 
0.76, (all s, 15 H, 5 X CH,); MS (EI) m/z  (relative intensity) 
442 (M+, 16), 411 (32), 381 (151, 234 (34), 207 (65), 189 (loo), 
175 (43), 147 (44), 121 (741, 107 (81). 

2. Allobetulin Formate. After a mixture of I (1 g, 2.26 mmol) 
was refluxed in 88% formic acid (10 mL) for 50 min, 30 mL of 
95% ethanol was added and the mixture cooled to yield, after 
filtration, 0.86 g of crude product which was recrystallized from 
95% ethanol to  give pure allobetulin formate: 0.8 g, 7 5 1 ;  mp 

H, 29-H), 3.81 (d, J = 10.3 Hz, 1 H, 28-H), 3.35 (d, J = 10.3 Hz, 

Chart I 

0 & 
VI 

310-311 "C [lit. mp 311-312 "C (Schulze and Perot, 192211; IR 
(KBr) 2960, 2940, 2860, 1700, 1185 cm-l; 'H NMR (CDCl,) b 
8.10 (s, 1 H, HCOO), 4.60 (m, 1 H, 3-H), 3.76 (d, J = 7.8 Hz, 1 

1.28-1.78 (complex, CH,, CHI, 0.97, 0.92, 0.90, 0.86, 0,85, 0.78 
(all s, 21 H, 7 X CH,); MS (EI) m/z  (% of base peak) 470 (M', 
12), 424 (ll), 399 (ll), 355 (14), 235 (7), 189 (75), 135 (82), 121 
(871, 107 (100). 

3. Allobetulin (10. To 2.25 g of allobetulin formate was added 
20 mL of 1 N KOH in EtOH and the mixture heated to boil- 
ing. Toluene was added slowly to the suspension until it became 
homogeneous, and boiling was continued another 30 min. The 
solvent was then removed by vacuum evaporation to obtain the 
crude product (2.02 g),  which was recrystallized from 95% EtOH 
to give I1 as white crystals: 1.90 g, 90%; mp 265-266 "C [lit. mp 
260-261 "C (Schulze and Perot, 1922)]; IR (KBr) 3445, 2950, 
1450, 1380, 1040 cm-'; 'H NMR (CDC1,) 6 3.76 (d, J = 7.9 Hz, 

3.20 (m, 1 H, 3-H), 1.01-1.78 (complex, CH,, CH), 0.96, 0.92, 
0.91, 0.83, 0.78, 0.75 (all s, 21 H, 7 X CH,); MS (EI) m/z (70 of 
base peak) 442 (M+, 14.1), 424 (12.7), 411 (6.8), 371 (8.9), 220 
(16.2), 207 (58.0), 203 (34.7), 189 (94.71, 135 (79.1), 121 (78.1), 
107 (100). 

4 .  Allobetulone (ZZI). To compound I1 (3 g) in acetic acid 
(100 mL) was added 1 g of chromic acid, and the mixture was 
stirred at 60 "C for 1 h. The product mixture was poured into 
water and filtered to obtain 2.3 g of crude product, which was 
purified by column chromatography on silica gel (Kieselgel60, 
70-130) and eluted with CHCI, to yield 2.2 g (75%) of 111: mp 
230-231 "C [Lit. mp 230-231 "C (Schulze and Perot, 1922)]; IR 
(KBr) 2940, 1700, 1450, 1360, 1040 cm-l; 'H NMR (CDC1,) d 

= 7.9 Hz, 1 H, 28-H), 2.48 (m, 2 H, 2-H), 1.94 (m, 1 H, 5-H), 
0.82-1.56 (complex, CH,, CH), 1.06, 1.02, 1.00, 0.93, 0.92, 0.91, 
0.79 (all s, 21 H, 7 X CH,); MS (EI) m/z  (% of base peak) 440 

H, 28-H), 3.52 (s, 1 H, 19-H), 3.43 (d, J = 7.8 Hz, 1 H, 28-H), 

1 H, 28-H), 3.52 (s, 1 H, 19-H), 3.42 (d, J = 7.9 Hz, 1 H, 28-H), 

3.77 (d, J = 7.9 Hz, 1 H, 28-H), 3.52 (s, 1 H, 19-H), 3.44 (d, J 
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(M', 22.1), 369 (25,4), 220 (14.5),205 (41.7),203 (24.4),191 (34.5), 
149 (61.1), 135 (59.6), 121 (75.0), 107 (100). 

5. 19P,28-Epoxyolean-2-en-3-one (ZV), A solution of I1 (0,5 
g) and 0.85 g of benzeneselenenic anhydride in chlorobenzene 
was refluxed for 25 min, cooled to room temperature, and fil- 
tered. The recovered solid was chromatographed on silica gel 
(Kieselgel60, 70-130 mesh), eluting with 5% EtOH-hexane to 
give 0.3 g of crude product, which was purified by recrystalli- 
zation from toluene-ethyl acetate to yield 0.26 g (50%) of I V  
mp 249-250 "C [lit. mp 252 "C (Klinot and 'Jystrcil, 196011; IR 
(KBr) 3040,2940, 2870,1680, 1450, 1385, 1040 cm-'; 'H NMR 
(CDC1,) 6 7.14 (d, J = 10.2 Hz, 1 H, 1-H), 5.81 (d, J 10.2 Hz, 
1 H, 2-H), 3.78 (d, J = 7.8 Hz, 1 H, 28-H), 3.54 (9, 1 H, 19-H), 
3.45 (d, J = 7.8 Hz, 1 H, 28-H), 0.96-1.6 (complex, CH,, CHI, 
1.13, 1.08, 1.05, 0.94, 0.92, 0.80 (all s, 21 H, 7 X CH,); MS (EI) 
m / z  ('33 of base peak) 438 (M+, 12.0), 367 (12.6), 245 (38.7), 215 
(75.5), 150 (92.4), 137 (1001, 121 (69.41, 107 (71.7). 

6. 19/3,28-Epoxy-A-homo-4-oraolean-3-one (V). A mixture 
of m-chloroperbenzoic acid (0.3 g), NaHCO, (0.3 g), and I11 in 
CH,Cl, (20 mL) was stirred 4 days at  room temperature and 
then sequentially washed with 10% KI solution, 5% NaHCO,, 
1% Na,SO,, and water. After being dried over Na,SO,, the 
solution was evaporated to yield 0,38 g (77%) of V: mp 235- 
237 'C [lit. mp 246-248 "C (Sejbal et al., 1985)l; IR (KBr) 2950, 
2870, 1715, 1450, 1375, 1285, 1115 cm-'; 'H NMR (CDCl,) 6 

= 7.8 Hz, 1 H, 28-H), 2.25 (m, 2 H, 2-H), 1.23-1.89 (complex, 
CH,, CH), 1.48, 1.40, 1.08, 1.02, 0.94, 0.91, 0.80 (all s, 21 H, 7 X 
CH,); HRMS (M+) for C,,H,sO,, calcd m/z  456.3603, found 
m/z  456.3619. 

7. 19~,28-Epoxy-A-homo-4-oxa-l8a-olean-l-en-3-one (VI). A 
mixture of V (0.5 g) and benzeneselenenic acid (590 mg) in chlo- 
robenzene (10 mL) was refluxed 7 days and then chromato- 
graphed on silica gel, eluting with 10% ethyl acetate-hexane. 
The product was recrystallized from EtOH to yield 0.31 g (61%) 
of VI as a white solid: mp 235-237 OC; IR (KBr) 3060, 2940, 
2870, 1695, 1450, 1380, 1285, 1100 cm-'; 'H NMR (CDCl,) 6 

3.77 (d, J = 7.8 Hz, 1 H, 28-H), 3.54 (8, 1 H, 19-H), 3.45 (d, J 

6.53 (d, J = 12.2 Hz, 1 H, 1-H), 5.83 (d, J = 12.2 Hz, 1 H, 2-H), 
3.77 (d, J = 7.8 Hz, 1 H, 28-H), 3.54 (9, 1 H, 19-H), 3.45 (d, J 
= 7.8 Hz, 1 H, 28-H), 1.26-1.98 (complex, CH,, CHI, 1.43, 1.41, 
1.24, 1.05, 0.93, 0.90, 0.88 (all s, 21 H, 7 X CH,); MS (EI) m1.z 
(% of base peak) 454 (M+, 32.5), 436 (19.5), 411 (33.7), 381 (24.2), 
245 (loo), 215 (52.7), 189 (48.6), 177 (47.0), 149 (49.4),121 (92.71, 
107 (87.3); HRMS (M+) for C,,H,O,, calcd m/e 454.34467, found 
m / e  454.34368. 

8. 19P,28-Epoxy-2-hydroxy-18a-olean-l-en-3-one (VII). To 
a solution of I11 (0.44 g) in dry toluene-tert-butyl alcohol (l:l, 
20 mL) was added a solution of potassium tert-butoxide (0.56 
g) in tert-butyl alcohol (10 mL), and oxygen was bubbled into 
the stirred mixture for 30 min. The product mixture was acid- 
ified with HOAc and extracted with CH,Cl,. After being washed 
with 5% aqueous NaHCO, and water, the extract was dried 
over MgSO, and evaporated to yield 0.42 g of crude solid, which 
was recrystallized from ether-methanol to give white needles: 
mp 245-246 "C [lit. mp 245-246 "C (Huneck, 1965)l; IR (KBr) 
3420,2964,2945,2867,1699,1646,1457,1402,1384,1234,1033 
cm-'; 'H NMR (CDCl,) 6 6.49 (s, 1 H, H-l), 5.91 (s, OH, D,O 
exchangeable), 3.77 (d, 1 H, J = 7.8 Hz, 28-H), 3.55 (d, 1 H, J 
= 7.8 Hz, 28-H), 1.2-1.9 (complex, CH,, CH), 1.21, 1.16, 1.12, 
1.04, 0.94, 0.92, 0.81 (all s, 21  H, 7 X CH,); MS (EI) m / z  (70 of 
base peak) 454 (M+, 66.5), 229 (25.6), 215 (69.0), 154 (63.6), 151 
(65.91, 135 (63.7), 109 (58.51, 107 (63.6), 81 (98.7), 55 (100). 

9. 19P,28-Epoxy-2- (P-D-glucopyranosyloxy) -18a-oleanan-I- 
en-3-one (VZZI). Compound VI1 (0.45 g), acetobromo-a-D-glu- 
cose (0.4 g), silver oxide (0.46 g), and silver acetate (0.17 g) were 
refluxed in toluene (100 mL) for 48 h, cooled, and filtered. The 
filtrate was concentrated under vacuum to furnish a light brown 
solid that was dissolved in MeOH (30 mL) containing K,CO, 
(1.1 g) and H,O (1 mL), and the resulting mixture was refluxed 
for 1 h. The resulting mixture was cooled and filtered to give 
a light brown solid that was chromatographed on silica gel, elut- 
ing with EtOAc-CHCl, (10-70% gradient) to yield pure VIII: 
0.32 g, 52%; mp 157-158 "C; IR (KBr) 3424, 2962, 2945, 2867, 
1670, 1646, 1458, 1400, 1384, 1234, 1033 cm-'; 'H NMR 

3.42-3.90 (complex, CH,OH, CHOH), 1.16-1.89 (complex, 
(CDCl,) 6 6.77 (s, 1 H, H-1), 4.53 (d, J = 7 Hz, 1 H, 1'-H), 
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CH,, CH, OH), 1.16, 1.13, 1.10, 1.04, 0.94, 0.92, 0.80 (all s, 21 
H, 7 x CH,); HRMS (FAB) (M + 1) for C,H,,08, calcd 617,4053, 
found 617,4072, 

b. Bioassays. H. zea eggs were obtained from the South- 
ern Grain Insects Research Laboratory, USDA-ARS, Tifton, 
GA. Insects were reared on pinto bean diet (Burton, 1969) accord- 
ing to the techniques of Shorey and Hale (1965). The colony 
was kept in environmental chambers at 26 "C and a 186 (L:D) 
photoperiod. 

The assays were conducted in arenas constructed from plas- 
tic Petri dishes (15 X 90 mm). A circle of moistened filter paper 
(9-cm diameter) was placed on the floor of each arena. Corn 
(Zea mays L.) foliage disks (11-mm diameter; ca. 1 cm2) were 
cut with a cork borer. The disks were anchored to the filter 
paper by small map pins. Treated leaf disks were coated on 
the upper surface with 50 fiL of a solution of the test com- 
pound in acetone; control disks received 50 pL of acetone. In 
each case, solvent was allowed to evaporate prior to using the 
disks in the assay. 

Choice assays were used to assess antifeedant activity. In 
this assay, five treated disks and five control disks were alter- 
nately positioned in each arena (Jermy et al., 1968). Earlier 
observations indicated a fourth instar would consume 25-50'33 
of the leaf material in a control arena in 19-22 h. Ten arenas 
were run for each test. Arenas were placed in clear plastic ven- 
tilated crisper boxes containing moist paper toweling and placed 
in an environmental chamber a t  26 "C. Consumption was deter- 
mined by weighing the oven-dried (24 h at  100 "C) remains of 
disks for each arena. Initial weights were determined by dry- 
ing an additional 50 disks. Mean daily weights of these blank 
disks were assumed to be the initial weights of the assay disks. 
Calculations of amounts of treated or control disks eaten were 
made by subtracting the weight of the remains from the initial 
weight for the appropriate test. If this calculation resulted in 
a negative number, the amount eaten was assumed to be zero. 
A treatment/control consumption ratio was established for each 
arena. Percent feeding depressiong (% FD) was determined 
by the equation (Alford, et al., 1987) % FD = [l - (treatment 
consumption/control consumption)] x 100. 

RESULTS AND DISCUSSION 

Betulin was readily isolated in high purity from the  
bark of mixed Betula species by extraction and chroma- 
tography. In order t o  simplify the  modification of t he  A 
ring t o  various a,@-unsaturated systems, we first con- 
verted the  E ring t o  the  cyclic ether, allobetulin (II), in 
two steps. This involved an acid-catalyzed ring closure 
with ring expansion, followed by saponification of t he  
resulting allobetulin formate. This procedure can also 
be accomplished successfully without purification of t he  
intermediate formate. a,P-Unsaturated ketone IV was 
obtained directly from I1 by reaction with benzenesele- 
nenic anhydride. a,p-Unsaturated lactone VI was obtained 
from allobetulin by a sequence involving oxidation to 
ketone 111, Baeyer-Villager expansion to  lactone V, and 
finally, oxidation with benzeneselenenic anhydride t o  VI. 
Diosphenol (VII) was obtained by oxidation of I11 with 
oxygen in the  presence of potassium tert-butoxide. p-D- 
Glucoside VI11 was formed by the  silver-assisted reac- 
tion of VI1 with acetobromo-a-Dglucose, followed by sapon- 
ification of t he  acetate esters. 

Compounds IV, VI, VII, and VI11 were evaluated as 
antifeedants against larvae of H .  zeu in choice assays. In 
the  initial screening procedures, high doses (100 pg/leaf 
disk) were utilized. In these assays, only diosphenol glu- 
coside VI11 displayed statistically significant activity. D o s e  
response results for VI11 are  presented in Table I corre- 
sponding to  an ED,, of 4 pg/disk and  a n  extrapolated 
threshold of 1.6 pgldisk. For comparison, similar data 
are also included for limonin (ED,, = 70 pg/disk), a tet- 
ranortriterpene (limonoid) previously reported t o  dis- 
play significant activity against this insect (Klocke and  
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Table I. Antifeedant Activity of Compound VI11 and 
Limonin against H. zea Larvae in Choice Leaf-Disk Assays 

70 FD (fSE) 
dosage, ug/cmZ VI11 limonin 

100 92(0,04) 55(0,08) 
31.7 SS(0.04) 38(0,09) 
10 83(0.04) 8(0,01) 
3 17 40(0.12) O(0.13) 

Kubo, 1982). The performance of compound VI11 is clearly 
quite substantial and  represents a n  activity level compa- 
rable to  tha t  of the better naturally occurring antifeed- 
ants reported in the  literature against various insects. 
Naturally occurring antifeedants are often highly selec- 
tive in their antifeedant activity. We have found that 
VI11 does not display high activity against either the Col- 
orado potato beetle (L. decemlineata) or the  fall army- 
worm (S.  frugiperda). 

It is clear that the presence of a ,Sunsa tura t ion  does 
not necessarily result in  antifeedant activity against H .  
t ea .  Obacunone, for example, is a limonoid bearing a 
seven-membered A-ring a,@-unsaturated lactone, and it 
has been reported to have high antifeedant activity against 
H. zeu. Our synthetic model compound VI, however, bears 
the same A ring and is inactive even at  high doses. Jac- 
quinic acid, a triterpene having a six-membered A-ring 
a,@-unsaturated ketone, is active against the leafcutting 
an t  (Atta cephalotes) (Chen et  al., 1983) and  curcurbit- 
acin E, a triterpene bearing a six-membered A-ring a,@- 
unsaturated diosphenol, is active against the flea beetle 
(Phj lloyeta memorum) (Nielson e t  al., 1977). Unfortu- 
nately, these triterpenes have not been evaluated against 
H. zea, but we have found t h e  betulin-derived triterpe- 
noids IV and VI1 to  be inactive a t  high doses against the 
latter insect. It is interesting that while the diosphenol 
VI1 is inactive, the a-D-glucoside is a potent antifeedant. 
Originally, we had decided t o  examine the glucoside as a 
means of greatly increasing the polarity and  thus alter- 
ing transport  properties. However, a t  this point, we can- 
not be certain of the reason for the greatly increased activ- 
ity of t he  glucoside. A simple polarity effect may be 
involved, or there may be some more specific interaction 
with a glucose receptor involved in food choice discrim- 
ination. We are pursuing studies aimed at determining 
the site of interaction resulting in this observed feeding 
behavior and are exploring further structure-activity stud- 
ies in order to  more clearly define the structural require- 
ments for this activity. 

ACKNOWLEDGMENT 

We are indebted to  the  USDA for financial support  
through Grant 85-FSTY-9-0102. This project was also 

Received for review March 28,1989. Accepted August 20,1989. 

Registry No. I, 473-98-3; 11, 1617-72-7; I1 formate, 6861-08- 
1; 111, 28282-22-6; IV, 5713-28-0; V, 124150-16-9; VI, 124044-04- 
8;  VII, 106174-06-5; VIII, 124044-05-9. 


