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We have isolated from Coleus forskochlii (eyn. C. barbatus) five diterpenoids (compounds 4, B,

C, D, E), thres of which (compounds C, D, B) display interesting blood pressure lowering and
cardioactive propertiss.? Compounds A and C are the major diterpenoid constituents of the
plant and are shown on the basis of spectroscopic and chemical evidence to be 7 B-acetoxy-8,
13-epaxy~6 B-tydroxy labd-lé-en-11-one(Ia) ard its 1, 9 K~dihydroxy derivative® (Is)
respectively. The three minor constituemts, compounds B(Ib), D(Id) and E(Je) have structures

closely related to Ia and Ic.

Chrometography on silica gel of the methanol extract of the roote of C. forskohlii afforded
the compounds A(0.03%), B(0,001%), C(0.1%), D(0.001%) and E(.004% of dry weight of roots).
Compound A(Ia), mp 162-65°, }35-89.4@-2.45, CHCl3) was found to have the molecular formila
CpoB340s(elemental analysis, accurate mass determination of the M-15 ion, 22 13C-rmr signals),
The ir spectrum (KBr) showed the presence of an hydroxyl, an ester, a ketons in & six membered
ring, and a vinyl group (3500, 1735, 1705, 1645, 990 & 916 ca™l), The 100 Mis-par spectrum
(cdC13, ppm) indicated five tertiary C-methyl group signals (s at 0.97, 1.21, 1.22, 1.42 &
1.53), one acetyl function (s at 2.21), three protons adjacent to a carbonyl group (s at 2,59,
2,63 and 2,77, all of wvhich disappeared vhen the spectrum was redetermined in (Dy(0/Na(D), a
vinyl group bound to a quarternary carbon (characteristic ABC signal pattera in the 5-6
region) ons CHOAc proton (d at 5,06, J=ca. 3Hs), and one CHOH proton (m at 4.32, Wie6Hs,

which collapsed to double doublets on D0 exchange).

Compoand A could only be acetylated under drastic conditionms (acetic anhydride/pyridine,
reflux, 90 hrs.) and failed to undergo typical C=0 reactions, revealing that the hydraxy and
carbonyl groups were sterically hindered. These data combined with biogenstic considerations®
led us to propose the structure Ia for compound A.

NMDR experiments with compound A provided data which confirmed the assignment of the 6~0H and
7-OAc groupe and were consistent with the stereochemical sequence C(5)- XH, C(6)~ PE and
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6(7)-Corp . Irrediation st{5,06(8-7) simplified the H~8 double doublet to a doublet
(54,32, Jw2Hs), whilst irradiation at§4.32(H-6) collapsed the B=7 doublet to a singlet.
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High resolution ms data on compound A confirmed the assigmment of the 11-CO group. Peaks at
we 235(C H,,0,) and We 207(C13H;90% ) were attriluted to ions arising by loss of the CgHg
[c(n)-c(u)] fragaont and further loss of CO respectively from the ion m/e 303]C,gH,.0s, base
pesk, m* 182.3(303-+235 and zss-»zov)] , which is iteslf formed from the ion w/e m[czonno,,,
K*-Ac0H, a*289(318-+303) by loss of a methyl group.

Compound C, Io, mp zso-zsz°c,[uc]§5-es.19(o-z.sa, CHC13) analysed for the molecular formula,
CagHz407 (mﬁ resolution ms, M* 410.230). The ms fragmentation pattern, the ir and par
spectra and chemical data revealed that compound C was closely related in structure to
compound A: ms major fragaent pesks at w/e m[czanszos, K*-5,0, a* svs(uo-soz)] , 364
[C21Paa0s, ¥-Bp0-00, u® 338.5(392-»3648 , 332(Cagfog0y, M'~BEp0-AcOH), and szt[cr,az‘os,
N'~Bp0-CgHg, m* asv.s(soz—osui] : 1r(KBr): 3430, 3230, 1700, 1650, 995 and 913 om™1; 100-MHs-
par(CDCl3, ppm), five tertiary C-methyl group signals (s at 1.05, 1.27, 1.34, 1.43 and 1,70),
one acetyl functiom (s at 2.15), two CHpCO protons (pair of doublsts centred at 3.20 and 2.44
Jgeu=1THs, vhioh disappeared on deuterium exchange with ¥a(D), a vinyl group bound to a quart-
ernary carbon, one GHOAc proton (d at 5.45, JedHs), two CHOH protons (4 of &, one at 4.45,
W{=10Hs, shifted to 5.55 on acetylatien and the second at 4,57, Wi=10Hs); spin decoupling

studies confirmed the presence of a JCH-CH(OH)-CH(OAc)moiety and revealed that thes chemical
shift of the carbinol proton of the sequence was that at £ 4.57; only one of the secondary OH
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groups vas sasily acetylated; derivatives of the O=0 group could not be prepared. The differ-
ences between compound C and compound A in their molscular formlae (2 oxygen atoms) and in
their ir and par spectra (additional band at 3230 om™1, only ome additional CHOH signal,
absence of CHCO signal) were best rationalised by proposing that compound C had the structure
of compound A bearing two additional hydrexy groups as represented by Io.

The assignment of one of the hydroxyl growps as an axial substituent at C-1 was besed on the
chemical shift (§4.45), mltiplicity and J values of its methine proton nmr signal, which was

shifted to 5,55 in the pmr spectrwm of the dhootatob, 12, (wp 201-203")“". A quarternary
ocarbon resonance at 482.67 in the noise~decoupled PPe-A3cnmr spectrum of compound C oconfirmed

the assignment of the second hydraxyl group to C~97,

Confirmation of the trans stereochemistry of the A/B ring junction and of the JS-ccafignration
at C~10 was obtained from od data. For oompound A (A€,,, - 2.71), the medium strong negative
cotton effect was in sgreement with ectant rale predictions for the proposed stereochesmistry.
In the cese of compound C (A€, ~ 0.75), the change in A€ values from -0,71 for the 14,15~
dihydro derivative, IIa, to ~1.76 for the 1-keto oompound, IIb, was conolusive. The od data
together with the pmr spectral and chemical data cited sarlier in the text settled the confi-
garation at the following chiral centres common to both compounds A and C: C-5 6&H, C~6 f-oH,
0~ &(-H(compound 1)/a-OR(compound C), C-13 €G-vinyl®, and at the additional centre for compound
C: C-19(-0H, The conformation of the C~1 and C~9 hydroxy groups in compound C was further

I, el I e, RysBesH, Rywlho; Vo, BysBysH, BysCH;
ID, Ry=0 IVMb, RysOMe, By=Oko, RewOH; IV, R;wMe, RwRy=OH
oonfirmed by facile formation of the sulfite ester, Ig, on treatasnt of compound C with
8001p/pyridine’, Pormstion of the hemiscetal scetate, III, via osonolysis of the
1,6~diacetate of compound C followed by acetylation, provided additional dats in support
of the 13 C-configuration of the vinyl group. Application of Mills rule® to the
A -compounds, m,[x]n - 70,99° and IW, [n]n + 347.17°, derived by thionyl chleride/
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pyridine treatment of compound A and of the l-methyl ether of compound C respectively, and to
the corresponding desacetyl AS-compounds, IVe, [M]p ~304.96°, and IW, [M]p -32.03°, established

the p-conﬁguration of the 7-0Ac substituent. The stereochemistry of compounds 4 and C as

depicted in formlae Ia and Ic respectively was thereby clsarly ostab]ishndu, Compound B,
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tively., Ib and Jd were identical (ms, pmr, ir) with desacetyl Ia and Ic respectively,
obtained by acid or alkaline hydrolysis of Ia and Ic. Compound E, mp 208-10°, was found to
have structure Is. It was identical (ms, pmr, ir) with the compoun? obtained on subjection
of Ic to an acyl rearrangement with the use of basic reagents.

The metabolites reported here are the first labdane-type diterpenoids to be isolated from
Coleus species. It is also significant that, unlike the previcusly reported abietane-type
metabolites of the same plant®®’® and of related speciss®®9, the i-ring substituent in our
nolscules is at C-1, and the G-7 substituents have the g-—configuration.
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