
PARTIAL SYNTHESIS OF ISOEUCOMMIOL, 
A NEW CYCLOPENTENOID-TETROLf 

A. B1.4ti~o: M. GUIW. C. IA~AWOSF.. P. PA.s.%cA~I.~ and C. TRWILO~ 

I\IIIUIO do Chimrca Orgamca dcll’llmvcr~ir~ di Roma. Pialzale delle Scienx 5. 00185 Roma. Italy 

(Rtcritrd in fhr UK 2 AURUSI 1976: Acccpltd for publicorion 14 Sepkmbrr lW6) 

.Abstmt-Iweucommwl 3. a cyclopentenoid-telrol isomer of eucommml I. has ken prepared by NaBH. reduction 
of the km~acclal motefy of aucubigenin C The mechanism of thrs reduction has ken investigated by using SaBD.. 

The isolation from Eucommiu ulmoides (Eucommiaceae) 
of eucommiol 1, a cyclopcntcnoid-tetrol (probably related 

in the plant with the aglyconc of aucubin 2) has been 
described.’ In fact both I and 2. (apart from the different 

double bond location in cyclopentane ring). show striking 
structural and stcrcochcmical similarities but 1 may be 
found in the plant during the autumn only while 2 is 

present in very large amounts all the year round. 

The isomcric cyclopentcnoid-tetrol 3 (isoeucommiol). 
still more similar to aucuhin. could not be found in the 

extracts. 

A direct partial synthesis of I and 3 from aucubigcnin 40 
is the goal of our work. Compound 4a is one of the more 
unstable iridoid aglyconcs and recently successfully 
isolated.’ Although these aglycones, prepared by cn- 
zymatic hydrolysis of parent glucosidcs. have been found 
only in hemiacctahc form. a mild acid catalysis ought IO 
favour the transformation of aucubigcnin 4a in its 
conjugated aldehydic form 4b. whose cyclization is 

prohibited for stcrical reasons. A fast reduction of 4h 

could afford eucommiol I white isoeucommiol3 could be 

obtained by reductive cleavage of dihydropiran ring of 
aucubigcnin 4s. 

The possible existence of aucubigcnin 4h would be 

supported by the works of Grimshaw and Juneja’ and 
Hirch’ on aucubin 2. according to which the aglyconc 
obtained by acid hydrolysis of 6,lSbisdeoxyaucuhin 5 
could exist in dialdchydic form 6s. with an isolated and a 

conjugated carbonyl function respectively. These authors 
however did not isolate the aglycone. which was 

characterized only as his4phenylsemicarbazone. and 

therefore WC deemed necessary to check the real 
structure of free 6.10-hisdeoxyaucubigcnin before of any 

experimental work on aucubigcnin itself. 
The acid hydrolysis of 5 afforded a stable enough 

aglycone whose spectroscopic (IR. W. PMR) behaviour 
was in agreement with the dialdchydic structure 6s. In 

particular the PMR spectrum (CDCI,) of 6a showed 

signals for two aldehydc groups one (6 9.98. singlet) 
conjugated and slightly coupled, the other (6 9.75. ~riplct 
J = 1.7 Hz) coupled with an adjacent mcthylene group. 

The allylic methyl signal appears deshieldcd in 6s (6 2.13) 

with respect IO 5 (6 1.78, CDCI,). being now the double 
bond conjugated with an aldchydic function. 

As 6s represents the only case of iridoid aglyconc 
ohtained in free dialdchydic form, WC tried IO verify if in 

non-acidic conditions it existed in the hemiacctalic form 

0. this latter being the common stahlc form of all known 
iridoid aglycones. However the enzymatic hydrolysis of 5 

in mild conditions afforded, although in small yields. only 
dialdchyde 6a. Therefore the behaviour of 6.lf.Lhis- 

deoxyaucuhin 5 towards hydrolysis is border-lint with 
respect to those of all iridoid glucosidcs. the conjugated 

dialdehydic form 6a being preferred. 
In order to prepare I WC treated aucuhigcnin 4a with 

diluted acids in mild conditions hut instead of the 

expected dialdchyde 4b. key-intermediate for the oh- 
taming of I. WC isolated in good yields ( - 33%) the cyclic 

acetal 7. recently described in another paper.’ This 

*The mvest!garion was supported by (‘onsiglio Nazmnalc dclle 
Rrcerck (CNR). My. 

iln alphakrlcal order 



confirmed that the acid-catalyzed transformation (b-r& 
does not represents a general feature of iridoid aglyconcs 
being favourcd by the absence on the cyclopentanc ring of 
hydroxyl groups which were proved IO bc responsible for 

the obtaining from iridoid aglycones of other trans- 
formati~~n products (e.g. anhydr~eriv~tiv~s,~ fulsoiri- 

doids‘). 

On the contrary compound 3 was prepared by reducing 
aucubigenin 4s with NaBH,. which may be used in 
aqueous solution and does not rcducc carbon-carbon 

double bonds. The reaction afforded as sole product 3. 
appearing as colourless viscous oil. Its 90 MHz PMR 

spectrum (QO) compared with that of 2P shows the 
disappearance of ghrcosylic and dihydropyranic (H-1, H-3 

and H-4) protons. while those on the cyclopcntcne ring 
maintain in both compounds identical shape and chemical 
shift. The presence at C-2 and C-3 of 3 of a fl-onyethyl 
and an oxymethyl group respectively. arising from the 

reductive cleavage of dihydrop~an ring, is demonstrated 
by a detailed analysis of the PMR spectrum of the 

tctra-O-benzoylderivativc 8, obtained from 3 by bcn- 

zoylation under mild conditions. The PMR spectrum of 8 

*Two internal liner are hidden by rbc ~riplc~ at 6 4.48 ta uventh 
lmc is displayed in the decoupled spectrum) white tn the PMR 
spectrum of the tetra-O-acctytdcfiva!l~c 9 in r’,D, all eight lines 
are clearly vitihlc. 

Uhc same wradration reduce\ the q&u%1 al S ?.!O rnto an ill 
defined ~ripk; analogous muldplici1y assumes fhc pcnruplct a~ 6 
2.92 by reverse irradiation. 

§The fine struc1ure of triplet observed OlXl Hz sweep wtdth) for 
each line of &c doublet is due IO further coupling with allylic 
CHPH-4 at 6 1.04, disappearing by irradiabm at thi5 6 value. 

(Fig. I) compared with that of 3 (see Experimental), 
besides showing the expected paramagnctic shifts for one 

methine (M = I.361 and three methylene (A6 -0.80) 
groups with seminal OH functions, allows a more prccisc 
and complete analysis of the resonance patterns. In fact 
the second order complex multiplet (S 2.3-1.7, H-2 and 

CH:) observed in 3, is here simplified into a first order 
system: a pcntupkt at 6 2.92 (J = 7.3 Hz) relative to H-2 

and a quartet at S 2.20 (J = 7.3 Hz) due to the t:H, protons, 
here magnetically equivalent. The methykne protons of 

the CH,OH-3 (in 3 A? part of an A:X system) are now 
m~tic~ly not equivalent (AB part of an ARX system) 
giving rise to an eight-line system* between 6 4.90-4.30. 

Hy irradiatton of the pcntuplet at 6 2.92% (H-2) the 
broad doubkt§ at S 5.96 (H-l) collapses to a broad singlet 

(the residual coupling constant J,., is evidently very small) 
while the reverse irradiation transforms the pcntuplet into 

a quartet (Jr, ::w: = J,,.s~ $ = 7.3 Hz). The irradiation of the 

quartet at fi 2.20 (CH:) simplifies the triplet at 6 4.48 
: 

(CH:OH) into a singlet; conversely the irradiation of the 

triplet reduces the quartet into a doublet (J,, :.& = 7.3 Hz). 
Finally the double irradiation at 6 3.34 (H-3) simplifies the 
eight-line system (CH:OH-3) into a simple two spin AB 
system (JAR = 12.0 Hz). 

The “CMR spectra con~rmed the structural features 
described above. The proton noise-decoupled spectrum of 

3 (Table 1) consists of nine lines (two nearly supcrim- 
posed). The lowest field line is assignable readily to the 

quaternary C-4 through the loss of nuclear Overhauscr 
enhancement while the assignments for the remaining 

carbon nuclei were made with the aid of single frequency 

~~~.~~~,L1J111~~111-~~~JI~11~LIir~LrrIrIIiLII~1111I~~ 
3 2 0 

Fig. 1. Single and doubk ‘H resonance spccrra a1 90 MHz of telra-O-bcnzoylirocucommiol 8 in ClXI, solurion. 
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Fig. 2. Significant reg)ons of PMR spectra (D:O) of: "isoeucom-

miol 3, "trideuteroisoeucommiol le.

H-9 would be expec ted as well as C-3 racemisation, and is
not obse rved .

Besides periodic cont ro l s on the possible presenc~ of 3
in E u c o m m i a ulmoides, research is in progress on the
obta in ing of similar cyc lopentenoid derivatives from
other iridoid aglycones .

Silica gel (Merck, 140-230 mesh) used for column chroma-
tography was washed several times with hot water then dried and
activated at 120" for 12 h. Silica gel 60 F,~ (Merck) and cellulose F
(Merck) plates were used in TLC. Cellulo~e plates were eluted
with B u O H - M e O H - H 2 0 (7:1:3). I~ values were determined on
paper chromatograms (Schleicher and ~h011 Nr 2043 b Mgl)
eluted with B u O H - A c O H - H = O (63:I0:27). Visualization of spots
was achieved by spraying either with 2N H~SOo and heating for
2-3 rain at I00" (silica gel plates) or with a 0.7% soln of vanillin in
2% mcthanolic HCI and heating for 2-3 min at I00" (cellulose
plates and paper chromatograms). IR spectra were recorded on a
Perkin Elmer 257 and U V spectra on a Perkin Elmer 137
spectrophotometers. Optical rotations were measured on a Galileo
instrument. PMR spectra were reipstered with a Perkin Elmer
R-'~2 (90 Mllz) instrument, using TMS a.s internal reference for the
spectra run in ('IX'I, while for those in D:O the HI'X) signal (,5
4.70 from TMS) was taken as internal reference and the TMS
signal as external reference. Spin decoupling experiments were
performed with the spin decoupler accessory of the Perkin Elmer
R-32 instrument using frequency sweep mode. Chemical shifts are
expressed in ,~ (ppm downfield from TMS) and J are quoted in Hz.
"(?MR spectra, determined at ~ MHz using a Varian CFT-20
Fourier-Transform Spectrometer. were referred to the dioxane
carbon signal and converted to ,5, values from TMS.

Acid hydrolysis o/5: dialdchyde(hl. $ (I00 nag) dissolved at 25*
in 2N HCI (3 ml) appeared after 40 rain completely transformed
into a less polar compound (TI.C in C H C h : M e O H = 95:5). The
solution was extracted with EtOAc (3 x 3Oral) and collected
extracts, neutralized with NaHCO, and evaporated/n racuo, gave
a residue (25 rag) which, chromatographed on silica gel (3g) in
EIOAc: MeOH - 95: 5, afforded amorphous pure 64 UV (MeOH),

A~, 2.',0 nm (Ig e = 4.1); IR {CHCI,): 2740 (C-H aid). 1725 (C=O
non conj.), 1665 (C=O conj.), 1635 (C=C coni.)cm '

Enzymatic hydrolysis o/$. $ (100rag) was dissolved in H~O
(3 ml) and treated at 37" with ~-glucosidase (50 rag) (Fluka). After
12 h $ appeared completely transformed into a compound showing
the same chromatographic hehavlour of 6e. The solution was
extracted with EtOAc (5 x 30 ml) and the organic layer evaporated
in racuo, afforded a residue ( ~ rag) which, chromatographed on
silica gel in EtOAc: MeOH = 95:5. gave pure ~ (15 rag).

NaBH, redaction o/4a: isoeucommiol 3.41= (100 rag). prepared
by ,8-gluco~idas¢ hydrolysis of 2,2 was dissolved in H:O (3 ml) and
treated with an excess of NaBH, ( -. 10equiv). After 15 min the
reaction was interrupted bubbling CO: until ~pH 7 and the
solution adsorbed on decolorizing charcoal (I g). The suspension,
as a layer on a C~ch funnel, was washed with H:O and then
eluted with MeOH. The MeOH solution, contaimn8 3 as main
product (sdtca gel TI.C in water-sat BuOH and cellulose TI.C),
was evaporated in racuo affording a residue (80rag) which,
chtomatographed on cellulose powder (8 g) in water-sat BuOH.
gave pure 3 (55 rag) as colourless viscous oil. Rt - 0.52 (green-
grey): IR (KBr). 1655 (C=C) cm '; PMR (D:O): 8 5.80 is. H-5). 4.60

(d. H-I ) . 424 (s. CH~OH-4). 375 it. ~H_:OH. J 6.6 Hz). 371 (d.
.8. (hs. H-3).CH2OH-3, J = 4.0 Hz. A~ part of an A.. × system), "

.~o'_2.3-1.7 (cm, H-2 and CHd. [a]D - - 1230 (MeOH. c = 07%);
(Found: C. 57.08; H, 8.74. Calc for Cd'/,,(),: C. 57.43; H. 859%).

Tetrabenzoate g. 3 (50 mg), dissolved in pyridine (0.5 ml), was
treated with a solution of pyridine: henzoyl chloride = 2:1 (0.5 ml)
for 1.5 h at room temp. After addition of H~O (I ml). the solution
was allowed to stand for 30 rain and then extracted with benzene.
The organic layer, successively washed with 2N H.,SO,, sat aq
NaHCO,. and H=O. appeared to contain only g (TLC in benzene:
Et20 = 8:2). The residue (150 rag) obtained after evaporation in
tacuo, chtomatographed on silica gel 115 g) in benzene: Et~O =
8: 2. afforded pure g (125 rag) as colourless vL~cous oil. (Found: C.
73.13; H. 5.44. Cole. for C , , H , O , : C, 73.50; H. 5.33%).

Tetraacetate 9.3 (50 nag) was treated with pyridin¢ (0.3 ml) and
Ac20 (0.6 ml) for 2h at room temp After ~klition of M e O H (I ml)
the solution was allowed to stand for 20 rain, then evaporated to
ipve a residue (60rag) which on TI.C (CHCh: Et=O=7:3)
appeared to be conslJtuted only by 9. This residue, chxoma-
tographcd on silica gel (6g) in CHCI,:Et~O = 8:2. gave pure 9
(50 nag) as colourless viscous oil. IR (CHCI,): 1735 (C=O}, 1655
(C=C)cm '. PMR (CDCI,): 8 5.82 fl~. H-5), 5 .~0 (bd, HAL 4.70

(bs. ('H~()Ac-4). 4.60--3.85 (o. CH:OAc-3). 4.14 It. ('H:OAc.

J = 6.6 Hz), 2.94 (bs. H-3). ' " H-2),, 7 - . . 3 (m, 2.1-1.7 (m, ~Hz).
Deuteroisoeucommiol 10. 4a (80 rag) was dissolved in D~O (3 ml)

and treated with an excess of NaBDo. The resulting mixture.
worked up as described for 3, gave pure le (45 mg) as colourless
viscous oil. (Found: C, 56.27; H, 10.16. Calc. for CoH,,D,f),: C,
56.53; H, 10.00%).
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