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Abstrul4ncscnin and dihydrogrreunin. IWO new scqultcrpcnord lactoner have been csolatcd from 

Grcgrrro (IJIKMI) <irlcs. Structures I and II. rcqxctwely. are propoud for thcsc lactwtcs based on chcmxal 

and spcctroscoplc cvvldencc. 

SEYF~L crystalline sesquiterpenoid lactones have been isolated from Geiyerio 
asperu Hat-v. and the related species, C;eiyeria ufricana Gries and their structures 
determined. They are geigerin,‘*’ geigerinin,’ vermeerin,‘.’ and the acetoxy lactone, 
gafrinin.’ ’ In South Africa the Gcigeria species are commonly known as “vermeer- 
bos” and are responsible for “vermeersiekte” (vomiting disease) among sheep. 

Griesenin, I, C, ,H,,O,. m.p. 196197.5 , [aID + 284 (c. 0.61 in EtOH). exhibited 
IR (1770 and 1663 cm- ‘) and UV spectra (& 208 rnb c 15.250) characteristic for 
an aB’-unsaturated y-lactonc of the type found frequently in other sesquiterpenoid 
lactones’.4*6 from Geigeria species. This is supported by the NMR spectrum of 
griesenin which shows two vinyl resonances at r = 3.74 (doublet, J = 24 Hz) and 
r = 4.31 (doublet, J = I.6 Hz) usually observed for an exocyclic methylcne group 
in conjugation with a y-lactonic carbonyl.h * These resonances exhibit allylic coup- 
lings to the proton on C-7’.“ while the coupling between the two mcthylcne protons 
is not resolved. 

Ozonolysis of griesenin produced formaldehyde and treatment of griesenin with 
diazomethane gave a crystalline pyrazoline.’ Griesenin reacted with sodium meth- 
oxide in dry methanol to give the Michael adduct III in which methanol had added 
over the cxocyclic methylenc group as described by Herz et al.” The doublets of the 
exocyclic methylenc protons had disappeared in the NMR spectrum and new 
resonances for the O-methyl (singlet, r = 664) and 0-methylene groups (AR-part of 
an ABX-system centred around T = 6.35) were observed. 

The multiplicity of the NMR signals of the angular protons H-7 and H-8 showed 
their proximity to the methylene groups, and thereby established partial structure 
A for griesenin. 
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The remaining IWO oxygen functions of gricsenin were not present as CO groups 

since the IR spectrum exhibited no other CO absorption than that of the unsaturated 
y-lactone while the UV showed no absorption between 270 and 330 mp. Griesenin 

did not react with 2,4dinitrophenylhydrazine. The IR spectrum also gave no indica- 
tlon of OH ;ih\orptlon and grlcscnln could noI be ;~ct);la~ed under \arlou\ condr- 

tlons. The NMR spectrum of grlcscnin In <‘IlCI,, also gabe no Indication of an OH 
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proton which could be exchanged by shaking with D,O. A lactonc titration indicated 
the presence of only one saponifiable group and thereby eliminated the presence of 
a second y-lactonic function. A peroxide function was also absent since no iodine 
was detected (starch paper) when griesenin was treated with potassium iodide in 
acid medium. The two remaining oxygen functions were shown to be present in a 
ketal system of the type depicted in I (de infra). 

The IR spectrum (in KBr) of griesenin exhibited bands.at 1648.1608 and 970 cm ’ 
characteristic of a conjugated diene system.’ ’ The band at 970 cm- ’ (C-H out-of- 
plane bending) furthermore suggested that the diene was rronr. This was supported 
by the UV spectrum of griesenin which showed a strong absorption maximum at 
237 rnp (E 17,900). 

The NMR spectrum of griesenin shows five protons in the oletinic region, two of 
which belong 10 the exocyclic methylene group. There are consequently thrcu: 
protons on the trans-diene grouping. Two of them form an AB-system (T = 4+X) 
and 4.17) with a typical ciscoupling” (J = 9.4 Hz). The remaining olefinic proton 
(H-S) is a quartet at T = 4.35 with couplings of 3.3 and 9.1 Hz 10 a neighbouring 
methylene group (C-6). There is only a small long-range coupling between 11-5 and 
one of the olefinic protons (H-2) on the diene system (J = 07 Q8 Hz). 

These results proved the presence of a fransdiene with one of the double bonds 
trisubstituted and the other disubstituted as shown in the partial structure B. 

Deiallcd NMR analyses (SW folIowIng paper) established that the vinyl proton 
H, on the trisubstituted double bond in structure B and the angular proton H, m 
slruc1ure A are flanked by the same methylene group. This information now leads to 
a combination of fragments A and B to give partial structure C for griesenin. 

The Me region of the NMR spectrum of griesenin exhibits only one unsplit 
3-proton signal at T = 844. The low r-value and the lack of fine structure suggest 
that the Me is attached to a quarternary C atom bearing at least one 0 atom as 
expressed in fragment D. The NMR spectrum furthermore shows an AB-quartet at 
T = 6.12 and 6.23 which is assigned lo a CH,O-grouping. The methylene group 
must be attached to a quartemary C atom (fragment E) as the AB-pattern shows 
no further splitting. 
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To derive the structure of griesenin from the fragments C, D and E we will have 
to take all known facts into consideration. It has been shown by elimination that 
two of the 0 atoms are present as ether Imks. From the sum formula. functional 
groups and number of double bonds follows therefore that griesenin must have a 
monocarbocyclic structure. It can be concluded from the NMR splitting pattern 
that (i) R’ in partial structure C must be a quarternary C atom and (ii) the CH,-group 
in C must also be attached to a fully substituted carbon. These quartemary C atoms 
have to be idcntical to those in fragments D and E (sum formula). There are various 
ways of linking these fragments. Those having fragment E in an epoxide or methylene 
dioxy arrangement are ruled out by the chemical shift of the mcthylene protons” 
and by the magnitude of the gcminal coupling constant.“.14 There emerge finally 
two possible structures F and G. 
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Reductive cleavage of one of the ether links provided proof that griesenin has 
structure F. 

Various procedures” .‘* for hydrolysing the ketal to a ketone were applied un- 
successfully. However, reduction” of the exocyclic methylene group of griesenin I 
with NaBH, gave the reduction product VI which upon hydrogenation in ethyl 
acetate over Pt catalyst at 60” and under 8 atm pressure, gave hexahydro-griesenin 
VIII as the main product (80% yield) and an alcohol IXa (ca. I@, yield). The latter 
was formed by reductive cleavage of one of the ether rings. The alcohol showed 
strong IR absorption at 3500 (OH) and 1760 cm-’ (saturated y-lactonc). A mass 
spectrum of the alcohol IXa showed no molecular ion peak but a strong M-31 peak 
due to the facile loss of the CH,OH fragment. Acetylation of the alcohol under mild 
conditions gave the acetate IXb. 

The alcohol IXa and its acetate IXb both showed two secondary Me groups in the 
NMRspectrum(IXa:r,, = 8.88;d.J = 7a,r,, = 8.85;d.J = 6a;IXb:r,, =8.89; 
d, J = 74; ~,s = 8.89; d, J = 5.6 Hz). There arc furthermore four protons on 
C atoms bearing oxygen functions (C-4, C-8 and C-14). The two complex multiplets 
in the NMR spctrum of IXa at T = 6.36 and 5.39 are assigned to the protons H-4 
and H-8, respectively. The C-14 methylcne protons form an AB-pattern with r-values 
of 6.00 and 668. In the corresponding acetate (IXb) no significant changes of the 
first two proton signals arc observed (r. = 6.33; rs = 540). while the C-14 protons 
shift downfields to r = 5.47 and 599. 

These data prove that a C-4 oxygen bond has been cleaved (two secondary Me’s) 
and that a CH,OH group has been formed (loss of CH,OH in the MS, downReId 
shift of the CH, protons on acetylation). This excludes structure G conclusively. 
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Dihydrogriesenin. II, C,,H,BO,r m.p. 139.5-1405 , [zlD +92 (c. 072 in EtOH) 
occurs together with gricsenin in Geigeria africana Gries and can bc separated from 
griesenin by chromatography on formamide impregnated cellulose. This compound 
only differs from gtiesenin in that it has, apart from the conjugated exocyclic double 
bond only one other trisubstituted double bond instead of the transdiene system of 
griesenin. This fact was evident from the UV spectrum (&, 206 mu. E 17,900) and 
NMR spectrum which exhibited, apart from the methylene doublets, only one other 
vinylic proton signal at r = 446. That compound II is in fact a dihydro derivative 
of prrcscnin was indicated ;1c follows. Treatment of II with sodium methoxide pave 
the Michael adduct IV which, upon hydrogenation over Pd4XO, in &OH, 
absorbed 101 mole of hydrogen to give the saturated compound V which was in all 
respects identical (m.p.. mixed m.p., TLC and IR) with the corresponding tetrahydro 
derivative of griesenin obtained from griesenin by a similar route. 

EXPERIMEN’t AL 

M p arc uncorrected IJV spectra and [alo refer IO EIOH. IR spectra IO CHCI, ami NMR spectra IO 

(‘IX’I, wlm unless c>Ihcruw SIaIcd IR cpccIra were recorded on Pcrkln f’lmcr m~rdclc ?I ;~nd 277 

+clromclcr% LV spcclrr c)u d 1JnIcm Model S I’. 1(u) spcclromcIcr and N.%iR spcclrd on Vdrun A-60 

and HA-100 spccIromcIers Chemical shifIs were measured on the r-scak relauvc IO TMS as inlcrnal 

stltird (r = 100): r-balua arc cstimr~ad IO be accuraw IO 501 ppm, coupling cons1anI.s IO 202 Hr 

Mass spectra were recorded on a MS9 spa_IromcIer 
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TLC was carned out on 511~ gel plaza usmg CHCI,-MeOH (19: 1) as solvctn system. The spots were 

developed wnh the vrnillm-phosphonc acid reagent or wtth 05’; KMnO, tn saturated copper aatate 

C;rcgerb OJ&JM was obtained from the Rietondak Experimental Farm. Pretona. through the courtesy 

of Dr. T. Terblaoche of Onderstepoort 

Exrrocrron and r.sokrr~u+t oj grrrwnin and dthydrogrc~scntn Ground. au-dncd G ofircanc (34 kg) was 

extracted several times wtth hot, W”, EtOH The extract was concentrated IO 12 I. and water (2.5 I.) added. 

Chlorophyll and fats WCR extractal wtth hexanc and rbr aqueous restdue then treated with a hot soln of 

bask lead acctatc (I 5 kg In 2 I water) lhe lead acetate ppt was removed by ccntrtfugatton aod the ckar 

aqueous layers thoroughly extracted wtth CHCI,. Thts solvent was removed VI I’- and the tarry residue 

(37Og) was taken up in formamtdc from whtch the less polar scsqu~~erpcnotds were then extracted with 

benzene. Evaporatton of the benzene tn wcuc left a tarry restdue (14.0~) whtch was chromatogaphcd in 

portion\ of45 p on CCIIIII~SC I I s hpl tmprcpn.ttcd ulth a 4O^, \oln of formamldc In acetone The chromato- 

grams were controllai b) 11.C of the mdlvldual fractions. 

Hcxane- benrrne (9’ 1) elmed fracttons whkh gave green spars (R, 07) wtth the vanilhn-phosphonc 

acrd spray reagent on chromatoplatcs These combined fracttons were evaporatal to dryness and the 

rcsduc (2.33 g) crystallued several ttma from chloroform ether IO gtve colourlcu crystals of drh#o- 

griewnu II (7SOmg). m.p 139.5 1405‘. [*Jr, t 92’ (c 072). i,, 206 mu (c 17.YOO). Y_ 176O(og-unsat.-y- 

lactone), 1665 (doubk bond). 1388. 1270.950 and 864 cm ’ (Found. C. 6ftg: H. 6 9; M (ma% spcct ) 262 

C,,H,,O, rqutra’ C. 68.7; H. 6Y“,; M. 262). 

Hexane--benrzne (9. I) subsqucn~ly clutcd fracttons which gave charactcristrcally pmk spots (R, 07) 

wnh the varullin-phosphonc actd spray reagent on chromatoplrtcs These fracttons wcrc combmcd. 

evaporated down and the residue (3 56 g) crystalltud from CHCI, <tha to gtvc grirwmn as colourlcss 

needles (1.59g). m.p. I% 197 5. [zlD + 284 (c 06lL i, 2OLt m(r (c 15.2500) and 237 w (L 27.900). SL 

1770 ($‘-unsat y-lactoncl 1663. 1648 and 1608 (douhk bonds), 970. R66 and R4Scm- ‘. (Found: C. 69 2: 

H. 6.1; M (mass spcct.) 260. C, ,H ,,O, rqutres. C. 69 2. H. 6 27,; M. 260). 

Yyraroltne drncoftwp oj grrrwnm. An ethereal soln of duuomethanc prepared from nttrosomethyl urea 

(35Omg) was added IO a suspension of gnexnm (100 mg) m abs ether (100ml) and kh in the cold for 

three days The solvent was removed and rhc ratduc crystalhrd from acetone ether IO give colourleu 

cr~sr4Lc. m.p 135-137, [slo c 376 (c 037) (Found C. 63 3: H. 60: N. 9 7. C,,H,,O,N~ rcqutra: 

C. 63.6. H. 60; N. 9.3”:) 

Oronolysu o/ grirvnin Gnesentn (I00 mg) tn A&H (25 ml) was treated with a stream of 0, contaming 

2 mg ol O~min for YO mm. The muturc was steamdistilled into aqueous dunedone. Upon concentration. 

a ppt (20 mg) was formed which had m.p I91 alone or mixed with the formaldehyde dcnvattvc ofduncdone. 

Trrolmrnf o/ grtesrnin 14 Jod~um nvrhoxcdr UI nutknnol. A soln d Na (700 mg) in dry McOH (25 ml) 

was added IO a soln ofgncscnm (SOOmg) m dry McOH (2Sml) and leg at 3 for 4 days The soln was 

actdlficd with HCI IO pH: and then extracted wnh CHCI, (6 x 54) ml) The latter was washed wtth water. 

dread over Na,SO. and evaporated IO dryness T hc rcstduc was crystallurd from acetonc-etha to gtvc 

fine needles (96 mg) d the MicIurcI rddwr III. m.p 146147 5’. [z]n + 214 (c 0431 &, 23g mu (c 15.900). 
Y_ 1775 (sat y-lactonc), 1655 and 1615 (doubk bonds). 1390. 866 and 846cm’ ‘. (Found’ C, 65.6: H. 

6.9. M (mass spect.) 292 C,,H,,O, requires, C. 6.57. H. 69’,; M. 2Y2). 

Trrarmcnr oj drhydropccrmtn wh sod~wn mrrhxid~ UI MeOH. Dthydrognucnin (II. Sa)mg) was 

treated with McONa m dry M&H as dcscnbcd above. The crude product was cryrtalliLad from cther- 

hcxane to gave needles of the Mrchruf odducr IV. m.p. 92 5 93.5 . [z]~ + 52 (c 046). .&, 21 I m+r (c 3X0), 

Y, I774 (sat y-lactonc). l61R (trtsubst double bond). I392 9% and X66 cm- ‘. (Found: C. 65.4; H. 7.4; 

%4 (mass spcct.) 294 <:,,H,IO, rcqutra. C. 65 3. H. 7,5’,; M. 2Y4) 

Hydtogtvu.xwn (4 rke .tfcckl adds III o( qrwwmn .I’hc Mtchael adduct III (I IV mg) absorbed I % 

molts H, upon hydrogcnatton over S”, Pd ‘C‘a(‘0, (149 mg) m %“, EIOH The catalyst was filtered OR. 

the EIOH rcmovcd m UUIIO and the restdue cryrtalhrcd from acetone IO gave nrcdks. V. m p. 136 138’. 

[z]n + 22’(cO49). VI*,, 1778. 1393. ICUZ 10.3Oand 987 cm ’ (Found C. 65 I , H. 8 I C,,H1.O, rcquucs’ 

C. 64 8; Ii. 0 ?“,) 
II~zlr~~,~c~~r~~f~~~~r ,JI rlw .%Iu hd W/JUC I IV rrfdrlt~dr~~~~rtrwn~n fhc Mcllchrcl adducr IV I I ?I mg) absorbed 

101 moles H, whcu hydrogenated as above Crystalhzatton of tbc product from acetone afforded nrrdlcs. 

V. m.p. 137.5 139 , [z],, + IY (c 056). b_ 1778. 1393. 1042. 1030 and 9R7cm” (Found: C. 650; H. 

8 2. C,,H,,O, rcqutrcs: C. 64.8; H. 8.2”,). A mixed m p. wtth the hydrogenation product of III showed 

no depressron. 

Rrdwrwn oj gnrsmul W&I NaBH,. Sodium borohydrtde (75 mgl in MeOH (5 ml) was added to a soln 
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of pncscnm I I50 rngl m MeOtt 175 ml) and IcR for ) hr at room remp The rcacrlon mlxrure was thn 

added IO waler (75 mlk aod&d with dllule HCI and extracted w101 ether The ether exlrac! was washed 

with water, dried ova Na,SO, and removal VI ~yvyo IO give a resrduc which crystall&l from aoctoe 

ether as colourlus crysrols. VI. m.p. I69 171”. [zlo t 272’ (c 032). *I. 240 m)r (c 14.9500). vu 1769.1638, 

1605.950.866Pad846rm~‘.(Fouod:C.69~).H.69.C,,H,,O,nquirn:C.68~7;H.6~Q”/d. 

Rcduclla oj dihydroggrtrsenin wirh NeBH,. Trcalmcnt of dlhydrogncKnm II (3Omg) with NaBH, 

(3Omg) III MeOH (5 ml) as aboq gave colourlcss nrcdkr. VII. from CHCl, ether. m.p. 189*. [a]o + loo” 

(c 04). fi2 1755 (sag. y-lactone). 138s. IIXS. lOI5 and 87Ocm ’ (Found: M (mass spcct.) 264. C,,H,,O. 

nqulrcs: M. 2641. 

Hydrogmion o/ VI 01 60 u&r pressure Compound VI (m mg) m EfOAc was hydrogeaatal a1 60” 

and X aim in the prcscnoc of PI catalyrt (200 mg) for 5 hr. The catalyst was fihercd oIT, the EIOAC removal 

in lwcun and the restdue (I 80 mg) chromatographul on s~hca gel (20 8) 

Bcnzme CHCI, (I : I) eluml fractions which after combmallon and cvaporatmn of the solver& gave a 

rcsduc (14Omgl which cryslallizcd from acelone clher as needles of VIII. m.p 161. 164*. [alo + I I” 
(c 058L Y_ 17MI.1390.1124and974cm~‘.(Found:C.67~5;tt.8LC,,H,,O,requira:C.67~6;H.8~3~). 

Subsequent elurion with CHCI, gan the aystalhne olcolrol IXa (25 mg) from CHCI, ether. m.p 157’. 

[alo +4s (c 035). Y _ 3500 (hydroxyl). 1760 (sat r-lrctone) and 1080cm ’ (Found. M (mass spcct.) 

237 (MCH,OH) C,,tta,O, requires. M. 268) 

Acc~~hmn of IXa wlrh p>rldlne Ac,O gabc rhc cr>\!alllnc OCC’~O~C* IXh from CHCI, ether. m p 1x7 

IXID * 24 (c ti43). y, Y’“’ I755 (sat. y-lrclonck 174U and 1?4U cm ’ (acctalc). (Found, C. 65 5. H. 8 6. M 

(mass specs ) 237 (M CH,OAc). C,,H,,O, requires: C. 65 8; H. 8.4’;. M. 310) 
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