
REDUCTION OF IRIDOID AGLYCONES-III 

REACTIVITY OF LAMIOLGENIN TOWARDS NaBH,13 

A. BLUKO, hf. GUISO, C. hVARONE, R. MARINI-B~L@ and C. Tao&x_& 
Cmtro CNR per lo Studio dclh Chimica delk !htanzc Oroanicbe Naturali. Isthto di Cbimh &8aniica 

&lKJniversti di Roma, I’kzak ddIe Scienze, 5.00185 Roma, Italy 

[lkdicafcd to Prof. L&i Pad& on his Seventh Atitwsarp] 

(Recciued &I UK 14 Avgvtll978) 

Meact-The reaction which occurs wben lamb&&o 2 is treated with an excess of NaRI& is unusually compkx 
owin8 to an ineamdecular ddolic condendon which kds to a bicycb[330]ltcptanc derivative 4. The 
mcchanirm of ti reduction has been investigated by usiq NPBD,. Spectral data (IR, ‘II NMR, ” C NMR) of the 
prcducts arc prcsentKl. 

Recelltly,‘2 we descni lhe first results obtained in the 
reduction of iridoid aglycones with NaBH, in aqueous 
solution. We have asce&& that the substitution pat- 
teln of the diiydropyrane ring plays an important role in 
the reduction path. In fact aglycones with an unsub 
stituted dihydropyrane ring undergo the simple reduction 
of the aldebydic functions’ while in aglycones with 
COOCHS~ and OH-S, the reduction is accompanied by a 
facile C4, C-5 dehydration.2 In order to investigate the 
influence of C-4 substituents on the course of this reac- 
tion, we examined the behaviour of the aglycone of 
lamiol 1 (lamiolgenin 2), still having the OH-5 but a Me 
group instead of the COOCHA. 

We obtained 2, up to oow not isolated because of its 
instability, hydrolysing 1 with j3*cosidase. Owing to 
the low hydrolysis rate (48 h, 37”), a partial racemization 
of the C-l centre occurred with formation of small 
quantities of the u aglycone 2a, besides the more stable 
B epimer 2b. Both the aglycones were isolated and 
characterised as diacetyl derivatives (their ‘H NMR 
spectra were in perfect agreement with the structure 30 
and 3b respectively). The different yields of h and 2b 
coti the absolute stereochemistry of the C-l centre of 
1, previously deduced3 by comparing the Mo values of a 
series of corresponding derivatives of 1 and of harpag& 
(11-norlamiol). In accordance with this stereochemical 
approach, the MO value of 2h is highly negative (-2490), 
as in the pentaacetate of 1 (-700“). while that of 2a is 
highly positive (+ 165”). 
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The reduction of 2 in aqueous solution with a marked 
excess of NaBH4 at room temperature afforded 4 as the 
only product, with molecular formula CldirrOS which is 
transparent in the UV region and shows in the IR spec- 
trum OH absorption and lack of bands attriik to 
C=C functions. 

The ‘H NMR spectrum of 4 (Fu. 1) is greatly modified 
with respect to the resonance pattern of the aglycone 
unit of 1. The region of the olefinic and hemiacetalic 
resonances is empty; in agreement with this, the signal of 
the vinylic Me4 of 1 (8 1.66, d, J = 1.3 Hz) resonates at 
higher field (6 1.20) surprisingly becoming a sharp sin- 
gkt. Two new signals appear: a singlet (2H) at 6 3.52 and 
a doublet (1H) at 6 3.46 (J = 5.7 Hz).’ Both spectra on the 
contrary contain, at near identical field position, the 
singlet of a Me geminal with OH (8 1.27 in 1, S 1.35 in 4). 
the signal multiplicity (although with Merent splitting 
pattern) of an ABX system’ and lastly the signal of one 
p$on appearing in 1 as a singlet (H-9,6 2.58) and in 4 as 
a double doublet (8 2.38, J1 = 5.7, Jz = 1.7 Hz) with one 
coupling constant identical with that of the doubkt at 6 
3.46. 

The chemical shift simikrity between the protons of 
the cyclopentane ring of 1 and some proton resonances 
of 4, indicates the presence of a cyclopentane moiety in 
4, which is evidently not a&&d by the reaction, as 
previously described for other aglycones.” 

The acetylation of 4 under mild conditions gives the 
triacetate 5 still showing an OH band in the IR spectrum. 
Its ‘H Nh4R spectrum, compared with that of 4, indicates 
the presence of one primary (6 3.52+ 6 4.09) and two 
secondary (6 4.18-S 5.21, 8 3.46-g 4.31) alcoholic 
functions, the East of which is geminal to the X part of 
the ABX system. 

By prolonged acetylation at room temperature 5 is 
compktely transformed into the pentaacetate 
(peracetate) s” which proves the presence in 4 of two 
tertiary OH functions. 

As the shift induced by this acetylation for the Me at 6 
1.28 gemiaal to a tdary OH group (A8 =0.26) and 
moreover for the X part (6 5.21, AS 0.42) of the ABX 
system are smaller than that of the proton at S 2.60 
(A6 - 0.74),’ the. latter must be identi6ed as the counter- 
part of the H-9 of 1, vicinal to both tertiary OH groups. 

Tbe PND and SFORD “C NMR spectra of 4 (pip. l), 
which definitively exclude the presence of olefinic and 
hemiacetal carbons, show ten signals, four in the alipha- 
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(IS*-3) retain the w coupling with H-5. These hdings 
point out a conformationaUy rigid system” to which H-5 
and HA-3 (methylene proton in /3 co&guhon) belong. 
By imhting the H-5 proton (6 2.38) the doublet at 6 
3.46 (J = 5.7 Hz) cohpses to a singlet and may be as& 
ned to the H-6 proton.” This conlhs that tbe OH 
bearingmethheH-6isadjacenttothequatemarycarbon 
formed in the reduction and that it is corresponding to 
the hemiacetalic H-l of 4. 

In order to achieve experimental evidence for the 
mechanism involved in the formation of 4, the reduction 
of 2 was repeated using NaBD. in D&. The reaction 
afforded a8 sole product 7 in which, as expected, a 
monodeuteration label has taken place. In fact its ‘H 
NMR spectrum is superimposable on that of 4 apart the 
singlet at 6 3.52 (CH&H-7) whose integral value now 
corresponds to only one proton (CHILIOH). 

Regard&t the stereochemistry of 4, the centres C-l, 
C-2 and C4 obviously retain the same con&ration as 1, 
as well as tbe C-5 centre owing to its lack of deuteration. 

The stereochemistry of the cbiral centres Cd and C-7, 
although the cyclization occurs io a stereospecific way 
leadig to a sole stereoisomer, has not yet been experi- 
mentally asceh& owing to the temporary lack of 4. 
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cohmm chromatography: tika gel 70-230 mesh (Merck): this 
layer chlomato@apby: silica se1 SIFUI (Carlo Ma) platex; 
visaali&on: 2N &SO, aml heatiag for 2-3 q io at l#p. 

‘H NMR spactra. P&o-Elmer R-32 (9OMHz) spectrometer: 
internal references: TMS and HDG (6 4.70 from TMS); extemal 
rcfelmce: TMS. spin decouph experiments paformed using 
frequcrlcy sweep mode; chemical sbift3 exprcs!Sd in d and 
coupliq# coMtall~ in Hz. 

“C NMB spata Vah CM’-20 spcctrowter: intcti 
refcrcncc: dioxanc; cbcmicrl shifts expruaed in 8 (ppm 
downtkhl from TMS). IR spectra: P&o-Elwr 257 rpectn+ 
photometer. 

AnalyticaldemiMtbnofPmorpbousproducts:thcsdurioa 
of each compound was 6lterrd through Schleic&r and Scbilll 
bhnbandfUtcr~randdrie.dinwcmoat600toconstPat 
W&k. 

Lmnriol 1. The isolation of 1 from Mum ampti& was 
carried out as pnvbuly deuxii.’ ‘H NMR mo,: d 6.18 (H-3, 
d, J= MHz). 5.69 (H-l, lw), 4.03 (IId, q , pa~Uy coveted by 
gh~coaylic signals). 2.58 (H-9, bs), 2.4-1.7 (W-7, q ), 1.66 (CH,-4, 
d, J = 1.3 Hz), 1.27 (CHd-8, a). 

Lumiolgmin 21 and 2b-acettie 3a and 3b. l(2alm8) dis- 
~olvcd io Hz0 (Iml) was treated with &gh~coaidasc (100 m9, 
Piuka EC 3.2.1.21) at F for 16hr. ‘I& noh wan extracted with 
EtGAc (8x2Omf) aad the cokctcd extracts, evaporated k 
wcvoat300lpveUmgofa~mixtureoft~U(tlcip 
Hz0 aat BuOif) which iiaa immcd&iy acetylated ivith pyiidiae 
(0.4 ml) and A@ (0.8 ml) for 2 hr at 259 After addition of McGH 
(3ml)tbe~oln~U~iorWminmdrftawprdscveponted$ 
uacuo to give a feaidUc (60 mg) which, ChroaWgrapM on Iiliea 
gel (68) in EtGAc. donled pure 3a (10 mg) and 3b (35 mg) as 
coburhs viacorn oh. 

3a [e]D= = +5f (dioxaac, c = 0.7%). ‘H NMB (CDCU: 8 6.25 
(H-l, d, J,., - 3.7 Hz), 6.01 (H-3. a. I = 1.4 Hz). 5.29 (H-6. X ~srt 
of M ABti, Jk, = 5.0; Jh, -.9.3 fi;j, 261.7 (ti-7. ti p& oi m 
ABX. J&T = 5.0, J&r = 9.3, Jm = la.OHz), 260 (H-9, d, J= 
3.7Hzh 1.60 (CHA, 4 J= 1AHz). 1.28 (CHJ-~. s), 2.13. 211 
(CHsCG). (Pound: C, 55.78; H. 6.80. Cak. for t&H&,: C, 55.99; 
H. 6.71%). 3b [&w =-83” (dhaoe, c - 1.8%). ‘H NMR 

(CD&): 8 6.49 (H-l, d. J,,=2.0Hz). 6.11 (H-3, q, J= 1.3Hz), 
5% (Hb, 1. Jus., = 3.3 Hz), 1.94 (W-7, d, J-0 = 3.3 Hz), 2.64 
(H-9, d. J=Z.OHz), 1.68 (CH,-4, d. I= 1.3H3, 1.32 (CH,-& s), 
2.15, 2.08 (CHHJCO). (pound: C, 55.83: H, 6.82. Calc. for 
C,,H&,: C, 55.99; H. 6.71%). 

NaBH, thctior of 2. pbuor 4. Crude 2 (100 mg) dissolved in 
Hfi (5ml) was treated with NaBI& (35Omg. -30 times molar 

cxce~) for 45min at 25’. NaBH, cxceoa was decomposed by 
bubMin8C4untilpH-7,tbcaohwaatreatcdwitbdecolorizing 
charcoal(Ig)andtbSrlMpeMioar~onrgoochtunaei. 
The chucual layer was wahd with Ha, t&n with McGH 
al?ordillgonsidue(7Omg)wbkhwaachlMm@mp bed on silica 
gel (7s) in Hfi sat BuOH giviug pore 4 (5Omp) BS colouricss 
viscous oil. (Fouml: C, 54.80: H. 8.40. Calc. for C1dLGI: C. ._ ._ _ 
55.03; H, 8.31%). 

rriacutate 5. compod 4 (romg) was treated with pyridine 
(0.2 ml) and Ac& (0.4ml) for I hr at 25” aad worked as pre- 
viouly dcacrii for h affording a reaiduc (6Ome) which, 
chromatogmpbed on sitica gel (6 r) in EtGAc. gave #) m8 of pure 
5 aa viscous colourkas oil. ‘H NMR (CD&): d 5.21 (H-2, dd, 
JU = 5.3, JW = 1.7 Hz), 4.31 (II+, d, Jlr = 5.7 Hz). 4.09 (CH20_7, 
s), 2.60 (H-5, dd, J,a= 5.7, JJJ = 2.0Hz), 23-1.7 (2H-3), 1.28 
(CHA, s), 1.16 (CH,-7. I), 2.05.207.2.10 (CH,CO). 

Pmtaucetare 6. Trhtatc 5 (2014s) tmatcd with pyridinc 
(0.3 ml) and A@ (0.6ml) for 36 hr at 30” sod worked up 88 
pnvioaxly described for 3a mve a r&doe (25mg) which, 
chromatogmpbed on silica gel (25s) in Et&EtOAc (1: l), 
afforded pure 6 (lOID& ax colourksa ViWolu oil. (Found: c, 
55.82; H, 6.77. Calc. for C&&z C, 56.07; H. 6.59%). ‘H NMR 
(CDCl,): 6 5.63 (H-2, d, JU = 5.7 Hz), 4.77 (Hb, d, J,* = 5.7 Hz), 
4.26 (CHIO_7, AB ryatem, I= 120Hz), 3.34 (H-5, dd, JI,= 5.7,. 
Js~ = 2.3 Hz), 29-2.1 (ZH-3, AB part of aa ABX system), 1.54 
(CH,4, s), 1.04 (CHr7, a). 2.16. 2.08, 2.06, 1.99, 1.93 (CHFO). 

NaBD, rednctioa of 2, p&o/ 7. Crude 2 (Some, dissolved in 
W (3 ml) wax treated with NaBD, (175 ~g, - 30 times molar 
excels) and worked ap aa phouly dcacrii for 5 givin8 a 
residue (4Oms) which, chromptognpbed illtbeSMlCcOditiOO8 

a.3 5, gave pure 7 (21 mg) as cubmkds vhna oil. (hund: c, 
54.46; H, 8.91. Calc. for &H&G,: C. 54.78: H. 8.74%). 

‘Note I. A. B&o. M. Guise, C. Iavaroae. P. Passacantilli and 
C. Tro8ob, Tcidcdnm 

‘Note II. A. Biaoco. D.3$~1?&ko C. Iavarone R 
hrini-Bettab pad c. Tro8olo, Gazz chfL*f&7L 1.9, in picss 
Wm. 
‘M. L. !kaqmti and hf. Guiao. Ten 23,4709 (1967). 
*spin dKollph8 expcrimcnta have shown that in glucosytic 

pmons region (a 3-4) of 1 only OIlc aglycom? signal (Hd, 8 4.03, 
m) sppeats. 

‘In 1 k = H-6, 6 4.03. m; AR = ZH-7, 8 2.3-1.7, q . In 4 X - 6 
4.18, dd. JM = 3.0, J.x = 5.0 Hz; AB = d 24-1.8, q , @II). 

%a krtiary OH-5 of 1 may be acctylatcd io 4 most likely 
bccauncofitsproximitytotbcCH~Hproupfotmedinthc 
reduction. 

‘Avccysimihrdcabkldia9&e,owiogtoacctyhhofbotb 
OH-5 and OH-8, was obacrvai for tk H-9 of barpa8idc (A6 = 
0.61)’ and harhii (A8 = 1.14).’ 

‘IL Lichti aul A. van War&tug, Hdo. Chh. Acto 49, 1552 
I lWi6k ,.. __,_ 

% Kitagm, T. Tani, K. Akita aad I. Yosioka, ‘ikm. Phunn. 
Buu. 21. 1978 (1973). 

~carbonof 1bIipbuadur). 
“In the oma hii ihdoidk c~cbuenWcbyn~~ rinn such 

l&hvabfafaWtmq&ugbc4w&&~~H-9and 
H-7 of a&outed cyelopeotaae r& hd aaver beea observed. 

‘%erevaxekdiaGoamoditkstheH-5maoaioce(doubktof 
doabkts) into a aanow doobkt (I,, = J, = 1.7 Hz). 


