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A&r& -!s&!xm of !wo NW lrldold ~lucowdw. Lnmlos!dc and bmlol; from [nmiwn ~~&ic~fe _ _ ~__. ~__. __... 

(Labialac) is dcscnbed Then swucIurc and configua~lon have been clucldalcd 

CHROMATOGRA~HIC examination’ of an ethanolic extract of LMlium amplessicaule 
(Labiatae) revealed the presence of at least 5 compounds, with probable iridoid’ 
skeleton. These compounds were separated by repeated chromatography on various 
adsorbents and the results on two of these compounds (with R, 046 and 0.30 respec- 
tively, see Experimental) are now reported. 

The less polar compound I is a hygroscopic amorphous powder, [%]A6 - 125”. 
with molecular formula C,8H2801 t. Like other natural occurring iridoids, I is 
converted. by acid hydrolysis into glucose (I mole) and insoluble black products, 
due to decomposition of the agiycone. 

II R = R’ I R” = H IV 

I R=Ac. R’ = R” = H 111 

VI R’ = AC R -. R” = II VIII 

VII R c R’ = AC R” -. it IX 
R _ R’ c R”=Ac X 

Me 

XI 
XII: R = I1 

XIII: R = AC 

’ The invesliptiow werr supportad by the “Consigbo Nuirmak delk Rioxcbc”. 

’ L H. Brim B. F. Clis P W. Lt Quaoc and J. N. Sbookry, Tmahedron Lerrm ?o (IW3). 
’ R. Paris and M. Chaskx. Ann Pharm. Ft 11648 (IPSJ). 
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TABLE I. 
.-.- - - - ----.- - - - - - - _ .-. - - 

IH IH IH IH 2H IH 

CL C, C. C, C, C, 
.- ._. - - -.. - - .- - -. - .- - - - - - - -. 

I 596 6.17 - 407 205 2.81 

D@ d q m m s* 

JO8 113 
.-.-------- -----.----._ 

II 5.60 6Q8 - -39 190 249 

DzO d m m S’ 

J 0.8 J :3 
-. - - - - - - - - - ._ _ ._ - __ - - - -. - 

Ill 6.1 I 6.53 504 -39 2 10 2-88 

D10 d d dd m m 5. 

J 0.8 J 6-5 J 65 1.5 
. - . - _ _ - - _. -. _ _ - - _ _ - - 
IV 5.75 6-41 509 -34 193 2 58 

Da0 d d dd m m 5. 

J 0.8 165 J 65.1.5 

_. - -.- -- 

3H 3H 

C,, C,, 
- .- - _ - - 

I42 I.58 

S d 

J I.3 
_------ 

1 17 I .57 

S d 

J I.3 
_ - - - .- - 

I-45 
s 

- - - _._ - - 
I27 - 

S 

- - -- - _. ._ - _ - - _- _ -.- ----_- --- 
V 5%4 -40 

Da0 S m 

- - - - _ - - -. .- - .- - - - 

XI 5 82 

DlO S 

.-------.- ------ 

VI 5.61 602 

CDCI, d q 
J 1.2 J13 

- - ._ - - -. .- ..- 

VIII 5.63 625 

CDCI, d d 

J12 J61 
-- - --.- - - 

VII 604 6iM 

CDCI, 5. S’ 

- - .._. - -. __ .- 

IX 604 6.32 

CDCI, d d 

II5 J 65 
_ . _ - - - - 

XII 5.86 6.29 

I),<) S* d 
115 

-.--- -- - - 

XIII 5.73 6.13 

CDCI, S* d 

J 1.5 

- - .- - - - - - 

- 

- 

2: - - 
t9 
>: 

_. _ _ 

- - .- - 

2.27 

m 

- _ 

2.25 

m 
_ -. 

I-86 

m 

- - 

Y 

B 
t, ‘0 

98 
n 

z 

._ _ 

234 

m 

2 53 154 0 x3 

S S d 

17 
_. _. _ _ - - - -_ - 

2-46 I 53 

S S 

.- - .- - - - -. - .- 

2.78 I.28 1.67 

SO S d 

J 1.3 
- -. - - - -.- - - 

2.74 I.28 - 

5* S 

___----- 

302 145 166 

S* S d 

J I.2 
- - - - - - - .-.. 

300 I -46 

5. S 

- . _ - - - 

295 I-42 I 63 
50 S d 

J I-5 
_ - __ - - .- - - 

295 I 45 164 

S’ S d 
J I.5 

_ - - _ _ - .- _- - - - 

NMR speara asipnmcnla Coupling constants (J) UC exprcssaJ h c/s s - sin&t. d = doublet. 

dd = doubk doubkt. q - quartet. m - multipkt. The uteri& marka unshapen siguh. 
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Lamioside is slowly converted. by H, and Pd/C reduction at room pressure and 
temperature, into a dihydroderivative V as an amorphous powder. C,sH,,O,,. 
In the NMR spectrum of V the peak at 6 6.17 of I, due to vinylic proton at C,, dis- 
appears. At the same time the signal at 6 1.58 is shifted to 6 @83 and is converted into 
a doublet spacing 7 c/s.’ Furthermore, the value of the integral between 6 3.2 and 
b 4.2 shows an increase of two protons in the NMR spectrum of V, when compared 
with that of I in the same field. All thest changes demonstrate a transformation: 

MC MC 

+c=cti+ ‘- - -_=C--II,-_(.H+ 

The existence of one secondary and two tertiary OH in the aglycone residue of 
lamiol is demonstrated by acetylation of II and 1. Acetylation of II yields a mixture 

TARU 2. 
- - - - - - -- - .._ - 

A5 HC, ilCo 3HC,,, 
- _. .- .- - - _ - - - _ 

I II 036 Cl 32 0.25 

Ill IV 0.36 030 OIU 
_ _ -. - _ _ _. __ _ 

VII VI O-43 0.24 0 I7 

IX VIII 0.4 I 026 o,ln 

_ _- - - _. _. - _. - - 

l D~llercnces bc~wccn 6 m NMR spaxra 

of penta+acetyl-lamiol (VI). as main product m.p. 168 -170’. [a]: - 119”, and 
hexaacetyl-lamiol (VII). m.p. 205-207”. [z];’ - 116”. 

Acetylation of I gives only VII. This compound is not converted into hepta0 
acetyl-lamiol, even by acetylation under forcing conditions. 

The NMR spectrum of VI shows signals corresponding to two OH. In com- 
parison with the spectrum of II, shifts to lower field are observed for two protons 
geminal with primary OH (at Cb).and five protons geminal with secondary OH 
(four of the glucosyl group and one of the aglycone residue). The NMR spectrum of 
VII shows the signal corresponding to one OH. The OH, esterified in the transforma- 
tion VI + VII, must be that at C,,, as shown by the shifts of the signals of the protons 
at C,, C,, and C,,,, similar to those observed for the transformation II -+ I (Table 2). 
At the same time, no signal of proton geminal with OH is shifted showing that the 
ester bond arises from a tertiary OH. 

Acetylation of harpagide, made for comparative purposes affords as main product 
the pentaacetyl-harpagide (VIII) m.p. 174 176”. [z]: - 118”. in addition to other 
acetyl derivatives. Acetylation of III affords a mixture of hexaacetyl-harpagidc 
(IX),’ as main product, and hepta-O-acetyl-harpagide (X).’ The mixture is converted 
into X under forcing conditions. 

’ TIC sharp- of this doublet may suggal that the raIuctioa has bag SIC~C~-sekctiw. Hma rhc 
--CH, (C, ,I ought IO be in an xonfigurarlon the more probable aruck bciog at the CXXIVCX side of 

lhe molecule 
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The NMR spectra of VIII and IX are similar to those of VI and VII respectively 
(Table 1). 

The differences in behaviour during acetylation. between either I and III or II 
and IV, confirm that the last tertiary OH ought to be at C,, where it is more hindered 
in I than in III, owing to the presence of the Me group at C,. 

The existence in I of two free OH on contiguous carbon atoms has been confirmed 
by periodic acid oxidation of V. Dihydrolamioside (V) and dihydro-8-O-acetyl- 
harpagide (XI), prepared from III for comparative purposes consume three molecules 
of periodic acid, two of which are due to the glucosyl grouping and one to the 
aglycone residue. 

Periodic acid oxidation of I does not give significant results, because consumption 
of reagent goes beyond forecast, as it has already been observed for III.’ Behaviour 
of III was attributed to the ease of hydrolysis of the I%kcto-enol-ether. formed by 
attack at Cs -C,, with subsequent hydrolysis of the glucosyl group. This suggestion 
is contirmed by the stability to hydrolysis shown by the saturated ketocthers. 
yielded by periodic acid oxidation of V and XI (see Table 3). 

Iicnce. the described behaviour of I and V to periodic acid oxidation is in favour 
of the location of the glycol function contiguous to the double bond. i.e. at C, C,” 
as in III and IX. 

‘TABLE 3. 
. - .- - 

Tlmc Moles NalO, Moles of subslratc 

I” . _ 
mm V XI 

IS ? 67 2 77 
30 301 3 07 

45 3QH 307 

60 308 3 IO 

._ . - - 

In Iarniol the two OH on C, and C, have the c&configuration as indicated by 
the reaction of lamioside with acetone in the presence of SnCIz.* An amorphous 
mono-O-isopropylidene derivative XII. whose NMR spectrum shows the peaks of 
isopropylidene grouping at d I.42 and d 1.51 (3H), was isolated. Compound yields, 
by acetylation under mild conditions. a tetra-acetyl derivative XIII, m.p. 194195”. 
The NMR spectrum of XIII shows four acetyl peaks and the shift to lower field of 
two protons geminal with primary OH (at C;) and of three protons geminal with 
secondary OH. The absence of free OH and the introduction of four acetyl groups 
demonstrate that the impropylidene residue is part of the aglycone unit.” 

l’he rcmammg poalbk arrangements on C. C. or C, Cp would be m evldcnt mntrast with reported 

rcsul~s of the acerylarlon rcact~ons Furthcrmorc rhc cxtstencz m I of three protons (HC,. 2HC,) of 

hydrocarbomc nature. shown by the SMR spectrum. 15 only posslbk of rhe IWO free Oli of I arc on 

(‘, and Ce 

As II 1s reported in- Advances in Carhohydrot~ (‘hemisrry Vol. 20. p 254. Acadcmtc Press. New York 

and London (1965). glucopyranosldcs do not gun with acetone Isopropyhdene acetals. under the 

usual condritons 





4716 v. L. %ARPATI and M. <itllSo 

- 392”;’ methyl dihydroharpagenines: a + 187” and 8. - 169”: As it has been de- 
duced, for instance, for plumieride’3 and gentiopicroside’* etc. an absolute IS 
configuration of C, can also be assigned to dihydroharpagide ad therefore to 
harpagide. 

If all the other asymmetric centers have similar conligurations in II and IV, lamiol 
must also have an absolure B_configuration of C,. Furthermore. the same axial 
orientation of the 80substitucnt of C, may be assigned to lamiol. considering the 
values of the coupling constant of the protons at C, and C,.’ 

Research on the structure of the other iridoid components of Lumium omplessicaule 
is in progress. 

EXPERIMENTAL 

M.ps wcte taken on a Ko&r bloc& and am uncorrected. Merck silica gd was used for colutm chromato- 

graphy (140 23V mesh). II was washed several nmcs with hot water, acetone and afterwards dried in rocuo 

and acuvarcd at I20 for g hr Woelm polyamide powder was usaJ for chromatography. II was washed 

several limos with water. aortone and dnai in LUCLY) at 40 50’ Merck K~csalgcl G was used in TLC 

Chromafograms on paper (Schlachcr & Schtill nr 2043 Mgl) wcrc run In n-ButOH A&H IfsO 63: IO: 27 

and detcctai by spraying with a soln of vamllin (I g) and cone HCl (3 ml) m M&H (I 50 ml) and heating 

for 2. 3 mm at IO0 NMR spectra were detcrmmcd on a Varian A-60 Sodium 2,2drmethyl-2-silaptane-S- 

sulfonatc was used as mtemal refercna for D,O solns and TMS for CDCI, solns Chcmrcal shifts are 

expressed in d values downlicld from the (mernal standard. 

All dcscnbed amorphous compounds after chromalographlc puritiatnon and bcforc analytrcal dctcr- 

mmatrons. were drssolval in water; the soln was filtcrai through Schletchcr and Schull “blauband” 

liha paper and dned IJI cacuc IO constant WI (at 60 J. 

fdarion oj irtdoid frcadion. Luwdon umpl~sr~cou& (fresh plant; 20 Kg) was roughly choppui and 

extracted wrth EIOH (I7 I x ?I at room tcmp for 24 hr The combmal EIOH solns were evaporated 

in L’OCUO (I.5 I I IO an aqueous suspcnsron which was ex~rac~cd 4 tlmcs wtrh A&Et (2-S I) and further 

concentrated in tvscno IO I.3 I A chromatogram on paper revealed 5 spots wrth R, 060 (pink spar), 046 

(punk Idad lomiuside. 040 (violet), O-30 (pink lilac) /umtoL @?5 (blue green) 

The final wafer soln was filtered through I4 Kg of decolonang charcoal (Erba) -suspended rn water 

and strarrficd in a Gooch funnel (0 17 cm) Mono and drsaccharrda were rcmovcd by elunon wrth water 

(I2 I L water FIOH 9 I (I2 I ) and water E10if 7:3 (2 ~3 I ) AI this pun elurron of rndoid compounds 

began (positrH lest with vanillin reagent) Frucrion A. Compound with R, 025 was elutal with lcrmid (II) 

by water-EtOH 7:3 (3 I.) and 6:4 (4 I.) Fnxkx~ B. LMliosidc (I), latnid and compounds with R, 04 and 

025 wem elutal ah together by watcr.ErOH 6:4 (2 I ) and 4:6 (16 1.r Furally, EtOH elutcd the compounds 

wtth R, 060. 
f’r,wbn A was evaporarcd but II rhc partrally conccntrateci soln was acid. II was neutrahzcd with 

Ra(OH),aq and evaporated To the dry residue McOH was added. the suspension was lil~era( and lhe 

soln evaporatori IO grvc 46 g of an amorphous product 

Fracrim R was simrlarly mared IO grvc 9-6 g of amorphous ratdue. 

Irunt~.srde (I) Fraction B (66 g) was chromatographal on s~hca gd (330 g) Elutioa with n-BuiOH 
saturatal wtth water gave m the firs1 fracrrons lamlosrde and a compound wrth R, 040 (4.26 g); aficrwards 
a mrxture of all the 4 compounds (05 g), and finally lamrol and a compound w(th R, 025 were eluted 
together (V5 g). 

The first mrxture (4.26 g) was further chromatographcd on 210 g of polyamtde. Flunon with acetone 

gave in the first fractions lamioside (l.7g); afterwards lamiostdc was duta! with the compound nth R, 

040 
Smcz lamionde IS an amorphous powder. IIS punlica~~on. for analylical purposes. was achieved by 

further chromatography on s111ca gel and elutron wrth 7”” F.tOfJ-AcOE1; [*]A’ - I33 (MeOH. cV5”,); 

(~11:‘ - 125’ (dloxan. c OS’;) (Found. C. 51 29; H. 695. C,sllr,O,l requires: C. 51 42. H. 6.71 00) 

” L Canonrca. G Jommr, P. Manrtto. F Peltrzoru and C SCO~SICO. Gozz Chim. Ifof. 95. I67 (1965). 
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Lumid (II) from Lamtum amplasicaulc. Fracttcxt A (from charcoal; 46 a) was cttromotogrrphed on 
silica gd as described for fraction B. Lamtd (034 gj was tint dutcd; afterwards a tnixturc of lamtd aml a 

compoutxl sntb R, 025 and finally the compound wtth R, 025. 

hi01 was fuurtk purihal on siltca gd (ratto compouod: adsorbmt. l:loO) by clution with II 5; 

McOH AcOEt 

tid jiom k&a&e m (020 p) was tratcd wnb 3.5 ml sat WOH), at room tanp la I2 hr. 

Excoas Ra(OH), was precipitated as BaCO, and the tIltrate was cvaporatcd in cucuo to drynua The rcsiduc 

was puriftt on rilia gel by dutioo with I1 % MeOH- A&Et. 

The compound shows the same chromatographic bdtaviour of lamtol from the frcah plant. tdcnttcal 

NMR spectrum; [x]o - 153” (dioxan); (Found: C. 5066; 11. 692 C,eHr,O,o rquircs: C, 50.79; H. 

693”~) 

Dihydro-lmiosafe (V j Lamtosidc (200 mgj drssolval m EtOH- water 8 2 (9.6 ml). was addai to 60 mg 

of IO”, PdC. prtvtously suspendal in EtOH (3 ml) and saturated with Hr About I mok dH, was absorbed 

during 8 hr and that the catalyst was removed by tiltratton and washal ocvcral ttmu with FtOH The 

comhnal washtngs were evaporatal to give an amorphous residue. which on TLC (n-ButOH AcOH HrO) 

showad that dihydro-lamiosick was contaminated by small amounts d another compound with nry 

stmtlar R,. The latter was removed by chromatography co polyamide and aatonc. Its KMR spectrum 

showed peaks cormpondtng to an cthoxide., demonstrating thaw its formation was due to a reactton 

bctwcen I and FtOH (probabk addition to the doubk bond). 

Acetone clutch pure V (100 mg) tn the next fracttons (Found: C. 50.7X; H. 7.52; C,.ti,,O,, rqutra. 

C, 51 IX; H. 7.16%) 

8 0 Aceryldrhydro-!tarpq#de (XI). W acctyl-harpsgtdc was treatad as above to grvc pure Xl rapidly 

(2 hr) It was cbromatographed on silica gel and dution with 5 “L water-aatonc gave Xl as an amorphous 

powdcr.(Found:C499l;H.675.C,,H,,O,, rquircs:C3000:H.691”/,) 

Periodic cuid oxidcuion NV Md Xl. The oxidatiat of V and XI was arricd out with 01 M NaIO. (40 

ml of reagent diluted to 50 ml wtth the water soln of the substrate) at room temp Samples (IO ml) were 

used for titrattons the results of which arc reported tn Table 3 

Wbcn lamiosldc was submitted to stmilar oxidatton. II consumed, after 2 hr. more than 5 mola of NalO, 

Penro-clceryl-hid (VI) md hexo-tietyl-Iamiol (VII) To lamiol (90 mg) in 0 36 ml anhyd pyndtne was 

added @72 ml Ac,O. The soln was allowcJ to stand at room temp for 5 hr. whereupon it was evaporated 

under reduced pros and to the resulting residue CHCI, was added The CHCl, soln was washtd with 

dil H,SO.aq. water and drial (NarS0.L The solvent was cvaporatcd. TIK r&due was a mixturc of two 

compounds, the tnam product was VI. It was chromatographal on 8g of silica gel. Elutmn with 80% 

ether -20’4 A&Et gan VII (30 me) and afterwards VI (100 mgj 

Compd Vl was crystallized from abs EtOH as n&lea. m.p. I68 170”. [zb - II!Y (dioxanj (Found: 

C. 5293: 11.642 Cs,H,&,, rqutrcs. C 5309; H. 6-17”~) 

Cotnpd VII was crystallirsd from EtOH as nocdla m p 205-207”. [ z]o - 116’ (dioxanl (Found: 

C 53-12; H. 604 Cr,H,sO,, rcquim: C. 53.33: H. 603% I 
Ilrxu-arerare (VII)@n Irmiosidr Lamtostde (I80 tug) was trcatcd as abon to gin VII (330 mg) If 

the reactton was carried out for 7 hr at 76 (CCl, bath). VII was convertad into an amorphous compound 

which had the molecular formula of the expectai hepta-acctyl-IamioL but as II was not rcqnverted tnto 

lamiol by alkaline hydrolysis. as occurs for VI and VII. the ~tru~t~rc d thu compound rs hciag tnvatigatcd 

Pmro-ocrry/hmpogde (VIII) Harpagidc fl I5 mg) was trcatod as for II to @vc a product (230 tug) whtch 

y&Jcd a mixturn of VIII and small amounts d other acetates with higher R, valuq as II resulted on TLC. 

It was chromatographcd at silica gel (12gL Elution with 80% ether-20% AcOEt removed the other 

compounds and gave m the last fractions pure VIII. (I60 mg) 

Compd VIII was crystallixed from dry EtOH as needles. m p. 174-176’. [x)D - 118‘ (dioxanj (Found: 

C 52.39; H. 614. Cs,H,,O,, rqutrcs C. 52.26; H. 597”,.) 

Hexu-crcerylhurpagide (IX) and hepro-acerylhpagide (X)fia Ill Con@ III was trcatcd ILI for II to 

~ivc IX and very small amounts of X.’ If the reaction was arrial out at 70” for 7 hr the main product 

was x. 

5.6-@lsopropy/denekmiosde (XII) and retrrr-wemre XIII. To lam&i& (140 mg) in I ml d dry acztonc 

was ad&d I.7 ml d an acztonc soln of SnCl, (500. mg tn 3 mlj The soln was allowed to stand at room 

tcmp for I hr and IO mm and then it was trcatod with sat NaHCO,4 and dtlutcd with water Tbc mixture 

was filtered through I g of dccoloriang charcoal. Solubk salts wcm removal by water dution and XII 

was dutai with McOH The alcohol was evaporatal under rod& prom to give 122 mg of amorphous 
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matenal whxh was chromatographad on s111ca gel. Elusion with n-BurOH, saturated with water. gave 

80 mg of XII, purr by chromatoplate (II-ButOH H,Ob 

Acetylation of XII. carncd OUI as dcscnbal for II. gan purt XIII 

Compd Xl11 was cryslalhxd from dry ti10H as needles, mp 194-195 (Found: C. 5568; H. 653. 

CJl.,,O,, requires: C. 55.41, il. 6.42”; 1 

Ackknow/&mcnr-We arc Indebted IO Dr C lavaronc of our lnsrltutc for N.WR spectra. 


