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VEHHENALIN (C17H24010) m.p. 182-183' [a]gs -173' (~~0). a glyco- 

side isolated from Verbena offlclnalls has been the object of 

several chemical studies and all previous investigators agree 

that It la a p-U-glucoslde. Although the presence of one keto 

group I,2 and only one carbon-carbon double bond' seemed estab- 

lished, a structure containing a furan ring has been proposed.3 

There was further disagreement conoernlng the functlonalltles of 

the remaining oxygen atoms. One group3 considered verbenalln to 

be a methyl ester while others 4s preferred a methoxylactone 

system which was Incorporated Into the most recent proposal (I)5. 

Catalytic reduction of verbenalln over platlnlzed Haney-Nickel 
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6 Structure of verbenalln No.26 

yields tetrahydroverbenalln m.p. 196-197° [Lit. m.p. 19+196°] 5 

tizi 3300, 1713 cm" 

4o” ;Ld 

and desoxyverbanol (CloH1603) m.p. 139- 

m.p. 137-138°],V~~13 3550, 1745 cm", two C-Me 

groups (Kuhn-Roth). We have now oxidized desoxyverbanol with 

chromium trloxlde In pyrldlne sol&ion to desoxyverbanone m.p. 

113-14o, [aJi6 +57' (CHC13), YzE13 1745 cm-l, Ati!jH 2% 

mp (17. The negative ferric test and the Infrared spectrum of 

this substance are Inconsistent with III and consequently struc- 

tures II and I proposed for desoxyverbanol and verbenalln. respec- 

tively require modification. 
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We asaumed that verbenalln, the nepetalactones6 and the 

lrldomyrmeclns7 contain a common carbon skeleton and this was 

proved as follows. Desulfurlzatlon of desoxyverbanone-ethylene- 

thloketal m.p. 191-192°.~~13 1740 cm" with Haney-Nickel yielded 

R. B. Bates, E. J. Elsenbraun and S. M. McElvaln, 
J. Am. Chem. Sot. 80, 3420 (1958) and earlier papers 
clt d e. - 

Q. W. K. Cavil1 and D. L. Ford, Austrtll. J. Chem. 3, 
296 (1960) and references given there. - 
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lridomyrmecin (IV) [a]:' +236' (CHC13) [Lit. 8" [al? +210° 

(CClh)J m-p. 60.5' -61.5' pure and mixed with an authentic specl- 

menlo. An Infrared spectrum in nujol was Identical with that of 

natural iridomyrmecing. rJe have repeated the previously described 

nydrolysls of verbenalin with barium hydroxide and obtained ver- 

benalinic acid now formulated as X m.p. 212-214' [Lit. 1 210-212°] 

Y 
KEir max 1735, 1710, 1630 cm"; AtkzH 236 rnti (e 6000) which however 

has the composition of C16H22010 rather than C17H2601t. In support 

of the formulation of verbenalln as a methyl ester esterlflcation 

of X regenerated verbenalln (IX). Since the original glucoslde 

contains one carboxyl function only the la&one grouping in 

desoxyverbanol (XII) originates from the carbomethoxy function 

In verbenalin which thus contains part structure V. Its ultra- 

violet spectrum, AiiiH 238 rnp (e 9600) is similar to those of 

tetrahydro-desoxyplumleride (VII), &EkiH 236 rnp (d 1OOOO)'l and 

bakankosin (VIII), >ikzH 236 rnp (L 11600)12 and if we accept tnls 

analogy an expanded formula (VI) results. Verbena101 (XTV) 
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m-p. 125-128' (dec.) [Lit.5 m,p. 124°],Y~13 3550, 1750, 1710, 

IV V VI 

COOCH3 

qlucoside) 

0 glucose 

0 

z 

/ 

! 
0 

VII VIII 

.1&O cm-l; AigH 24.0 my (C 9050) available by emulsln catalyzed 

hydrolysis of the glucoslde exhibits posltlve Fehllng and Tollens 

tests. This behavior Is explained by XIV and further evidence 

for the location of the hydroxyl group was provided by the ultra- 

violet spectrum which has Amax *'OH 271 mp (6 lgOO0) In O.OlN sodium 

hydroxide solution. The bathochromlc displacement observed (A 

X 31 mp) Is similar to that of ethyl acetoacetate (AX33 mp)13 and 

dlhydrobakankogenln @I 38 mp)12. To complete the structure It 

l3 P. Grossmann, 2. physlk. Chem. log, 305 (1924). 
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was necessary to place the ketone function which must be located 

on the cyclopentane ring. We have chosen C6 for two reasons. 

(a) The formation of /3-methylglutaric acid5 on oxidation with 

three moles of ozone can only be rationalized with this alterna- 

tive and (b) the high Intensity n-# transition in the ultravfo- 

let spectrum of verbenalin, hzH 290 m)r (f 10s) Is typical for 

IX R=CH3 XI XII XIII 

X R=H 

3 

“Jy$ $y;;;oR $$;; 
HeOH 

XIV xv XVI XVII 

R= TO2 R,=OAc; R2=H 

$6”4 

co XVIII 

R,=H; R2=0Ac 



10 Structure of verbenalln No.26 

non-planar fi,V-unsaturated ketones 4. 

We shall now discuss the stereochemistry of verbenalln. 

The relative and absolute configuration of (+)-lrldomyrmecln is 
known?' 9,15#16 and desoxyverbanone therefore has the configuration 

shown in XIII. Since reduction of desoxyverbanone (XIII) with 

sodium borohydrlde regenerates desoxyverbanol (XII) no lsomer- 

lzatlon had occurred during the reverse process and the configur- 

ation of XII Is established. The previously described reconversion 

of verbenallnlc acid (X) to verbenalln (IX) demonstrates that the 

natural product already contains a thermodynamically more stable 

cls-fused ring system. That the Ass6 -enol was Indeed formed 

during the saponification of IX to X was established In a separ- 

ate experiment using deuterlum oxide as a solvent. The verbenalln 

(IX) isolated after esterlflcatlon with dlazomethane and recrystal- 

lization from methanol contained 2.37 D atoms per molecule. It 

seems exceedingly unlikely that the configurations at both C 5 and 

C9 were Inverted In the course of catalytic reduction. The 

4 R. C. Cookson and N. S. 

15 A. Mlronov and F. Qorm, Tetrahedron Letters 

#Kd C. Djerassl, 
E. J. Elsenbraun, T. George, B El iker 
J. Am. Chem. Sot. 8& 3648 (i9607. 

16 Q. W. K. Cavlll, personal communication. 
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molecular rotation difference [Ml,, tetrahydroverbenalln-[MID tetra- 

hydroverbenalol Is -&8' (In water) and that for [Ml,, hexahydrodes- 

oxyplumlerlde - [MID of the corresponding aglucone Is -329 (in 

methanol"). This tentatively suggests a-configuration for the glu- 

co8e at Cl. 

Catalytic reduction of verbena101 (XIV) takes a dlffer- 

ent course and yields norverbanol (ClOHl6C&) (XV) m.p. 97-98.5' 

[Lit.5 9$96'], YE:13 3500, 1750 cm-l containing one C-Me group 

(Kuhn-Roth). Its monotosylate m.p. 127.5-128' on reduction with 

lithium aluminum hydride followed by reaction with p-nltrobenzoyl 

chloride gave the trlester XVI m.p. 174-176' which could aleo be 

prepared by hydride reduction and esterlflcation of desoxyver- 

banol (XII). 

We have also synthesized the two eplmerlc pentaacetates 

XVII and XVIII. Treatment of verbenalln with sodium borohydrlde 

In absolute methanol produced a crude pent01 which was transformed 

further to XVII m.p. 172-174°,Y~~ 1735, 1700, 1645 cm’1, 

hEH 232 rnp (c 11200) by acetylation. Tetraacetylverbenalin 

m-p. 133-134' [Lit.5 133'1, 3 zg13 1750, 1710, 164.0 cm-l, AzzH 

235 rnp (6 9370) was reduced with sodium borohydride and the 

resulting pentoltetraacetate transformed to the tetraacetyl mono- 

tosylate m.p. 157-158'. Conversion to XVIII m.p. l&-138', 02 

1750, 1705, 1635 cm", AEH 234 rnp (6 11500) was achieved by 

warming the tosylate with tetraethylammonium acetate In acetone 

solution. Both XVII and XVIII were different from loganinpenta- 
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acetate17 m.p. 137-138' (mixed melting points and Infrared 

spectra)18. 

Verbenalln la biogenetically related to (-)-plumlerldell 

(XIX) and genlplnlg (XX). 

COOCH, 

XIX xx 
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