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Atirrti The wucturc of vcrmLwm. a scsqurqxnald drlacwnc from Grr~erw (IJItt-(MU cincs, vlas 

shown 10 tx I. Vcrmccrm is the drlacwmc of the physloloplcall> actlvc vcrmccrrc acd which caucus 

“bomlllnp dwasc” among sheep In !Gourh Africa 

THREE ~HYSTALLINE scsquitcrpcnoid lactoncs, vermeerin, geigerin and geigerinin have 
been isolated from Guiguriu usprcr Harv.‘. 2 and the structures of gclgcrin3 and 
gcigerinin’ have been dctcrmincd. 

The sesquitcrpcnoid acctoxy lactone, gafrinin,‘- ’ and sesquiterpenoid dilactone. 
vcrmeerin. have been isolated from Geigeriu africana Gries. the “vermeertxx” 
responsible for “vermeersickte” (vomiting disease) among sheep in South Africa. 
Geigerinin was also isolated for the first time from this particular species. 

Vcrmccrin was isolated from C;. aspra by Rimington’ who showed in a preliminary 

study that it was the dilactonc of vcrmeeric acid. He also showed that vcrmecric acid 
was in fact. the active principle of the plant. We were able to isolate vcrmeerin only 
from C;. africanu and all our at tempts to isolate vcrmccric acid from this species failed. 

Rimington suggested an empirical formula. C,gHz40, for vermcerin. ha.sed on 
lactonc titrations and clemental analyses. This formula is now revised to c’,,ll,,04. 
smce a mass spectrum showed the molecular ion peak at M:Y 264 and no other peaks 
beyond this value The C15- formula is more favourable biogenctically than the C, 8- 
formula. since it would be difficult to account for the three additional carbon atoms 
unless it was assumed that vermeerin pos~sscs an open chain fatty cstcr of three 
carbon atoms (propionate). No fatty acid was. however. obtained when vcrmeerin 
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was saponifietl with 05N NaOH and subsequently worked up for a fatty acid accor- 
ding to Garbers and Karrcr’ and followed by pal)er chromatography according to 
Lindquist and Storgards.’ 

Two of the oxygen functions of vermeerin are accounted for by the presence of an 
a-B-unsaturated y-lactonc with an exocyclic methylenc group. This was established 
by the strong carbonyl band at 1745 cm- * in the IR, and the maximum absorption 
at 209 rnp (E 12,340) in the UV spectrum. 

The NMR spectrum showed two doublets at 7 = 3.87 (J = 3.5 c’s) and ‘I = 4.60 
(J = 3-O c.:s). Th ese are characteristic for an cxocyclic met hylene group in conjunction 
with y-lactonic carbonyl.‘s9* ‘* The splitting of these resonances arises from allylic 
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couplings to the proton on C-71°* while the coupling btween the two methylene 
protons is not resolved. 

Vcrmeerin gave a crystalline pyrazoline ’ * derivative with diazomethane, and ozono- 
lysis of vermeerin gave rise to formaIdehyde. 

Treatment of vermeerin (I) with sdium methoxide in dry methanol resulted in a 
Michael addition of methanol to the zcS_unsaturated y-lactone to give the methyl 
ether II. The Michael reaction on the cgf&unsaturated y-lactone of sesquiterpenoids is 
well known.’ 2 The vinyl proton signals (doublets at ‘I = 3.87 and T = 4.60) in the 
NMR spectrum of vermeerin (1) had disappeared in the spectrum of II, but a new 
methoxyl signal (singlet. z = 666) and signals for the methylene protons adjacent to 
the methoxyl group had now appeared at T = 639. 

The NMR spectrum of vermeerin displayed signals characteristic for one tertiary 
(singlet, T = 8.93) and one secondary Me group (doublet, ‘I = 9W, J = 6.5 c s). 
The resonance of the proton on the carbon bring the lactone oxygen appeared as a 
multiplet at ‘I = 6-05 overlapped by the AB-pattern of the C4protons. The splittings 
involved are close to those observed for gcigcrinin.’ This suggested the partial structure 
A for vcrmeerin. similar to that of geigerinin. 

If the lactonized OH function had been attached to C-6 the proton on this carbon 
atom would have given rise to a clear doublet in the NMR spectrum as observed for 
psilostachyin C (VIII).9 

The remaining two oxygen functions of vermeerin were shown to belong to a 
&lactone group on the following evidence: the absence of a ketone group was estab- 
lished by the fact that vermeerin gave no 2,4dinitrophenylhydrazone, nor ketonic UV 
absorption or Cotton effects characteristic of ketonic chromophores. All attempts to 
acctylate vermeerin failed and an active hydrogen determination was also negative. 
A lactone titration howcvcr, required two equivalents of alkali suggesting the presence 

l We have ~ndcpcnknrly confirmed the findlngr d Hen et of.” by a Gtaikd double-resonance study 

d gafrlnln.b another suquitcrpcnod lactonc isolarbd from Ghgerb afrhuw Griar containing the sami 
y-lactonc grouping 
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of a second lactonc. The IR spectrum show& no OH absorption in the 3400 cm- 1 
region. but a strong carhonyl band at 1730 cm _ ’ characteristic of a &lactonc. 

The following reactions supplied further evidence for the presence of a Wactonc in 
vcrmeerin: Treatment of the Michael adduct II with lithium borohydridc in boiling 
tctrahydrofuran gave the two oily alcohols llla and IVa. Only the &lactone ring was 
reduced in JJla while both 6- and y-lactones were o~)cnti in JVa. The JR spectrum of 
JlJa only showed carbonyl absorption at 1775 cm’ l (saturated y-lactone) and an OH 
band at 3550 cm ‘, while the JR spectrum of JVa showed no carbonyl absorption 
and strong OH absorption at 3450 cm _’ ‘. Acetylat ion of JIIa gave an oily diacetatc 
J JJb and acetylation of the tetrol JVa gave a crystalline tctra-acetate JVb. The prescncc 
of IWO acutyl groups in the diacctate JJJb was supported by the IR bands at J75Oand 
1240 cm - ’ and by two acetyl signals at ‘I = 7.94 and 7.97 in the NM R spectrum. 

Treatment of the Michael adduct II with potassium borohydride in methanol gave 
a mixture of lactol isomers in which only the carbonyl function of the S-lactone had 
been reduced. The mixture of lactols was separated into a crystalline isomer Va and 
an oily isomer Vb. Both these isomers could be converted to 11 by oxidation with 
chromic acid in acetone. l3 A similar reduction of a &lactone to a lactol was recently 
reported by Baran’* in the steroid field. A crystalline dimethoxyl compound VI was 
also isolated from the potassium borohydride reduction mixture of II. 

The NMR spectra of compounds Va and VI (Table) exhibit the usual rcsonanm of 
the secondary and tertiary MC groups on C-JO and C-5, respectively, the complex 
pattern of the C-&proton and the AB-system assigned to the C4 protons. The C- I3 
methylcnc group. as in VI (T = 6.39, S = 3.7 c,s), usually a deceptively simple” 
doublet with a splitting of 36 4.0~ s. appeared in Va as the AB-part of an ABX- 
pattern centrcd around ‘I = 6.42. The proton on C-3 gave a triplet (J = 2-3 c’s) 
at 7 = 4.96 for compound Va which, as expected.‘” was shifted to higher field on 
methylation of the OH group [T = 5.35 for VI]. The alcohol Va showed one OMe 
singlet at r = 6.71 while the corresponding dimethoxyl compound VI gave ri.se to 
two OMe resonances at T = 666 and 6.67. 

The lactone carbonyl functions of vermeerin were finally reduced with diborane 
to give the dicyclic ether VII. This compound showed no carbonyl or OJI absorption 
in the JR and only strong ether bands at 1135. 1110 and 1035 cm I. 

The &lactone can bc attached to the partial structure A in six different ways as 
indicated on p. 4158. 

NMR evidence supports structure L’ as there are proton signals at T = 5.95 and 
6.18 in vermeerin constituting an AB-system with a coupling constant JAB = JO-Y c s. 
The r-value agrees well with the value found for li-valerolactonc (~c.,~~ = 5.9 J I’. “), 
the coupling constant is close IO those found for gcminal protons on a sp’-hybridizd 
carbon atom.” and the absence of further splittings indicates the ncighkiurhood of a 
quaternary carbon atom. 
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Further support for the suggested S-lactone structure is obtained from the analysis 
of the NMR signals of the C-2-protons of compounds I and II. They constitute an 
ABX-pattern with tA and rg ranging from 7.35 to 7.65 in good agreement with the 

d 

corresponding protons in Svalerolactone (rIcHIco = 7.73”. 18). The AB-coupling of 
17 c’s corresponds to a geminal coupling with a hyperconjugative enhancement2* 
caused by the x-electrons of the carbonyl group. The two vicinal couplings J,x 
and JBx confirm the neighburhood of a tertiary carbon atom (C-l). None of the 
other Mactone isomers would agree with these assignments. 

Psilostachyin C (VIII), recently isolated from Ambrosia psilosfachya DC by Kagan 
et op was the first sesquiterpenoid lactone possessing both a & and y-lactonc. 
Vermeerin is isomeric with psilostachyin C and differs from it in the position of 
attachment of the unsaturated y-lactone and the position of the oxygen functions in 
the Mactone. 

EXPERIMENTAL 

M.ps are uncorrected. Unless othcrwtse stated, [z]n and UV spectra refer to EtOH. IR spectra to 
CHCI, and NMR spectra to CIXI, solns. IR spectra were recorded on a Untcam MC&I SF 200 

spaaromettr. UV spaztra on a Untcam Model S.P. Koo spectrometer and NMR spectra on a Varran 

HA-100 spectrometer. Chemical shifts were measured on the x-scak relative to TMS as internal standard 

(1 - 100); r-values are estimated to be accurate to fM)l ppm coupling constants to &02 c s. Mass 
spectra were recorded on a MS-9 spectrometer 

TLC was cartiai out on siltca gel plates using CHCl,-MeOH ( I9 : I) as solvent system The spots were 

dcvelopd with the vanilltn phosphoric acid reagent or wtth U5”, ptassiurn petmanganatc in saturated 

copper acetate 
Geiger&a African was obtatncd from the Rittondak Experimental Farm. Pretoria through the courtesy 

of Dr. T. T’erblanchc of Onderstepoort 
Exttarrim md Lx&won oftwmeetrn. Ground, atr-drted G. u/ricu~ 131.7 kg) was extractal 3 timb with 

hot. 967, EtOH. The extract was concentrated to S I. and water (1 I ) added. Chlorophyll and fats were 
extractal with hexane and the aqueous residue then treated with a hot soln of basic lead acetate 11.5 kg 
in I-S I. water) The lead acetate ppt was filtered OK the filtrate concentrated and then thoroughly extracted 
with CHCI, The latter was rcmovod in tutu and the tarry residue (2x) @ taken up in CHCI, containing 
0536 EtOH and chromatographed on neutral alumina (3 kg). The fractions cluted with CHCI, contaming 

2.57, IItOH containad most of the sesquiterpenotds m fractions were combined (113 g tar) and taken 
up tn formam& A small quantity of les polar scsquitcrpcnoicis was first extracted with btanm and the 

formamide restdue then dtluted wtth two parts of water and thoroughly extracted with CHCI,. The 

CHCl, was washed with water and removed VI ~;OTWI The oily residue (63.5 gl wns chromatographal on 

” M. Barfield and D M Grant. I Am. Chem Sot 85. ISW (1963) 
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allulose (1.5 kg) imprcgnatal wrth a 40”, soln d formamide in acetone. The chromatogram was 

controllbd by TLC d the individual fractions. 

Ben~nc hcxanc (3: I) elutal fracttons which gave grbar spots (R, 045) with the permanganatc reagent 

m TLC. The combintd fractions were evapratad to dryness and the residue (9.25 gl crystallized from 

CHCl,+thcr to gtvc tytmccfin (665 8) as colourlcss nadk m,p 147’. [sb - SK” (c, l.S), j._zoS mp 

(E 12.34OL \‘_, 1745 and 1410 (a~@-unsat y-lactoncl. 1730 (&lactoncl 1275. 1010.995,944 and 8 I3 cm ‘. 

[Found: C, 6Y I ; H. 76; M (W spcct.) 264 Cl,HloO, rquiru: C, 68.2; H. 7.69,; M. 264.1 

P~ruzolinc dcritWul ’ o/tvrmrrrin A suspension d 1 (IO0 ms) in abs ether (IO0 ml) was treated with 

dlazomtthanc prepared from nitrosomcthyl urea (350 mg) Another portion d dtiamcthanc was added 

after one day. After 3 dap UI the rcfrlgcrator. the solvent was removed and the residue crystalluad from 

McOH to gve colourlcss ay~~lr (46 mgl. m p. I26 127.5’. [ ab - 393 (c. 036). [Found: C, 62.3; Il. 

7 3; h’. 9*2; .U (mass spcct.) 306. C,,H,,O,N, rquirn: C, 62.7; H. 7 2; N. 9.2”~; M. 306.1 

Ozonoly~is uf rermeerin. Vcrmrm (101) mg) in AcOH (25 ml) was treatal with a stream d O1 con- 

tarnmg 3 mg d 0, min for 90 min The mixture was neam-d~stillcd Into aqueous dlmcdonc. Upon 

conctntrat~on, a ppt (20 mg) was formal whtch had m p. 191 alone or mixed with the formaldehyde 

dcrivatlvt of dtmcdone 

Tteurmertl u/ reme~rin wrfh sudwm wwthoxrdc in mduad. A soln of Na ( I.3 @ in dry M&H (150 ml) 

was added to a soln of vetmarm (3.2 g) In dry M&H (I SO ml) ad kft at 3 for 4 days Tk soln was 

acrdrfial to pH 4 with HCI and then cxtractal wtth CHCI, (6 x 50 ml1 Tk latter wu washal with water, 

drlcd over Na,SO, and evaporated to dryness. Tk oily rcsiduc was crystalId from CHCl, ether to give 

colourlm needles of rhc Michael adduct (II), m p. 155 156’. [sb - 364’ (c. 065). Y,, I780 (sat. y-latione) 

and 174Ocm- ’ (Waatonel. (Found: C. 648; H. 8 3. ClbHlr05 rquiru: C. 64.11; H. X,2”,.) 

Redutrrun of II with LIBH, in rmuhydrujimn. The adducl II (I.5 g) was dissolved in dry THF (20 ml) 

and KBH* ( 1 g). followed by hot. valvum-drtad 1.1c1 (l-5 gl add& The mixture wu rtfluxcd for 4 hr on a 

water-bath. cookd, acldrlkl to pH 4 wrth HCl and then cxtractod. lirst with CHCI, and subsqucntly with 

AcOLt I?K organic phases wcrc separately washed wrth water. dr1or.i over Na,SO, ad evaporated to 

dryness in RX-W 

The CHCI, extract ycldcd a crude, oily product (%W mgl which was chromatographcd on silk gel 

(100 g) CHCl, EtOll (9.1) clutad llla s an orl (426 mg), Y,, 34450 (OH) and I775 cm - 1 (sat. y-lactonc). 

Acctylatmn of tha compound (362 mg) wtth Ac,O pcrchlork acid at 0’ for 1 hr gave a crude diacctatt 

which gave, after chromatography on silica gel (308) m hcxanc-benzene (4: IL a punfid only di~ctutr 

lllb (IOOmg), [21D - l3*4 (c. 07). ~‘2: 1790 (sat. y-lactonc). 1750 and 124Ocm-’ (dracxtatc). (Found: 

(‘. 620; II. 8.1 ClOH,,O. rqurrcs. C. 62-S; H, 8,4”,.) 
‘I’hc AcOEt extract also gave a crude. orly product 1380 mg) whrch was purtficd by chromatography on 

s111ca gel (20 gb CIICI, f:tOH (7 3) clutd an otl( IVa; I70 mgL v _ W!N (OIi) Acetylation of this pro&ct 
with Ac,O- pcrchlorlc acid at 0’ and crystalhzAtlon of the aOttatt from cthcr-hcxanc gave colourless 

needles d IVb. m p 74 76 , [3x) +49 (c. 14). ~‘2, 172Sand I230cm-’ lacctatcl. [Found: C. 61.1; H. X.4; 

,%I (rnakq spcct ) 472 CIJH,oOa rquircs. C:. 610; Il. 8 S”,; .W. 472.1 

Rtxfucrion of II wirh KBtl, rn mtvhanol A suspension of KB?I, (OS g) m MeOH (50 ml) was added IO a 

suspension of II 11 g) tn M&H (25 ml) and the rcacticm mixture left at room temp for M mm. It was then 

d11uwd with water (IS0 ml), acld~fial IO pH 4 with d11 acid and extracted with CHCI, (5 x !% ml). The 

(‘HCI, extract was washad with water. dried over Na$O, and removed in I’~Ix~. The rcssldual oil (980 mg) 

was chromatograpM on formamlde-lmprcgnatcd ccllulo.pe powder. 

lltxanc knzme (95: 5) clutcd an only dimethoxyl-compound (VI; 200 mg) which crystalkd from 

hcxane c~hcr as colourless plates m p. 90 91’. [zlD + IO8 3 (f, 1.1). S-y 1760 (y-lactoncl. 1460. 1180. 

1130, IOSOand H6Scm ‘. (Found: C.65.2. H. 8.9 C,,HI,O, rqurrcs: C.65.4; H.90”, 1 
Hcxanc bcnzcne 13.1) elutcd the Karol (Va; 1 I9 mg) which crystalkcl from CHCI, ether as colourks 

needles. m p. 162 I64 , [cI)~ + 37’(r. Ia), V” ,& 3420 IOH), I770 (y-lactone), 1380. I 140,960 and 930 cm I. 
[I:ound: M (mass spccr.) 298. ClbHlbOS rqulrcs: Af. 29% ] 

Chloroform finally elutcd the Isomtrlc oily /acroI (Vb; 1117 mg), v, 340 (OH), 1760 (y-lactone), 1460. 
IIW 113Oand IOlOcm ‘. 

Oxrdolron ofiartolr Va and Vb with c‘rOs in acetone”. Ten drops d8N U-0, soln (2.67 g 00, dissolved 
In l0mlwaterand23mlcvncH,SO,)w~addeJtoa~lndM,~1R7mg)inacttone(10mllatS’andIdt 
at thts tcmp for 40 mm The cxccss chrome: acrd was dccomposai by the additimf M&H (3 ml) and the 

rcact1on mixture then dllutcd with water (lOOmI) ati extracted with CHCI, (5 x 20 ml) The CHCI, 
extract was washed wrth water. drlcd over Na,SO, and drstdld off to glvc an oily residue l I20 mg) which 



crystalluzd from CHCl, ether s cnlourlcss ncedlcs. This product was shown to bc tdcntrcal with II 

d vcrmccrm (m p. mtnod m p uIK1 1R sp-xtrum) 
The crystalhne lactol lsomcr Va was stmilarly oxldircld to II. 

Reduaimt o/he Michael addtu-r II ~.ilh dihorant. ‘Ihe methyl ether (If; I gJ 1~1 dry THF (50 ml) and HF’,- 

cthcratc (20 ml) was added. with stirrmg to a soln d LAII (1 gl in dr): ‘THF (100 ml) at 0 over a peri 

of 25 mm. Tbc rcactlon mtxture was left at 0’ for a further 25 mln and then rcfluxal on a water-bath for 

3 hr Tk cxccss ol I.AII was dmomposal with wet A&Et. followal by water and IO”, II$O, Most of 

the THF was rcmovcd by dlstrllation in ~‘(KUO and the aqueous layer then cxtractcd wtth <ICI, (5 x 30 ml) 

The CIICI, extract was washed with water, drlcd over ?Ja$), and cvaporatcrl to dryness to grvc an only 

reslduc ( I 78 g). This rcstduc was chromatographcd on sthca gel CIICI, cluted an 011 which was subxqucntly 

d~st~llcd I70 Q-CMl5 mm1 to glvc a colourlcss otl IVII. 272 mg). [xl. + 57.7 Ic. 0810. ~‘2, 13X0. 1230. 1135. 

I1 IO, IO.15 and 9XOcm ’ [Found: <‘. 71 4; H. 10.4; .$I (mass spcct I 268 C,,HI,O, rcqurrcs: (‘. 71.6; 

I!. 10s; .$f. 2M 1 
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