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Abstract -~ By carbon-13 and u methods, the proposed constitution of
eleven newly isolated furanoid diterpenes znd some of their transforma-
tion products are confirmed and relative stereochemistries are establish-
ed. CD spectra provide the absolute stereochemistry for teucrin A, 6-

ketoteuscordin, teuscordinon and montanin D.

In previcus communications, we reported on the constitution of furanoid
diterpenes isolated from various Teucrium species: montanins A (1)4, B (g)ﬂ, C

(53)2 and D (53)5 from Teucrium montanum; teucrins A (2)4’5 and E (§)4’5 from

Teucrium chamzedrys; 6-ketoteuscordin (2)6, &-a-hydroxy-teuscordin (§)6 and

teuscordinen (9)7 from Teucrium scordium; and teupolins T (10)8 ana IT (11)8 from

Teucrium polium. As carbon-13% chemical shift data may prove useful in the identi-

9

fication of related natural products” we now describe the results of our 3¢ wm
study on these diterpenoids and some of their transformation preducts (3b-d,

b, c).o00

The interpretation of carbon-15 data in terms of constitution and ste-
reochemistry reguired accurate knowledge of the relative configurations of sub-
stituted carbon atoms. Although some of the pertinent information was available

from preliminary chemical and ?

H WMR spectral studies, or could be anticipated on
biogenetic grounds, a gystematic reinvestigation of the proton resonance param—
eters appeared warranted. Helevant 1H chemical shift and coupling data are cel-

lected in the experimental section. Of general significance are the following
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PR
23,917
25.627 25.83
19.10  27.95
117.02% 138.90
119.71% 1363145
147.92  63.52
30,03 36.31
36.15 32.186
50.75  53.49
43.26  40.69
39.72  40.76
71.60 71.69
125.57 125.49
144.13 143.65
135.81  139.57
17.74 17.17
136.15  60.72
176.20 177 .22

a 1In CDCljy.
b In CDC13;-DMSO-dg.

§, f Assignments may be interchanged.
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stereochemical consideraticns. The relative configuration of C-9 (i.e. orienta-

tion of the C9-C2C bond) can usually be inferred from the magnitude of the chemical
shift difference between C-7 methylene protons.qo Thus, in moleculeg with axially
criented C9-C20 bond, the anisotropic shielding effect of the C-20 carbonyl group
causes a substantial downfield shift of the resonance of H_7ax with respect to
that of its H—?eq partner provided that ring B assumes chair confermation. Applica-
tien of this sterecchemical rule, however, may be impracticable in cases when tle
molecule contains a substituent at C-7 (see gg. 5). Another characteristic festure
of the furanoid diterpenes studied was found to be the orientation of the methyl
group at C-8, This stereochemical detail can be readily inferred from the magni-
tude of vicinal couplings of C-7 methylene protons. For most compounds investi-
gated, the above data could be cobtained from the analysis of 100 MHz spectra run
in wvarious solvents and solvent mixtures and the relative sterecchemistries thus
determined generally proved to be identical with those proposed in preliminary
pape:t‘s.ﬂ"8 For 4b the proton NMR data were inferred from spectra run at high
magnetic field, while in a few instances the relative stereochemistries at the
substituted carbon atoms were established through comparison of carbon-13 chemical

shift data with those of related compounds of known stereochemistry.

Carbon-13 chemical shift data are cellected in Table 1. The assignment
of resonances to individusl carbon atoms in the molecules is based on standard

1M 1n geveral instances, single frequency (low power)

carbon-1% FT NMR procedures.
selective qaC-{/lH} double resonance experiments were performed in order to elim-
inate ambiguities in the assignment of resonances due to carbon atoms of the same
off-resonance multiplicity. Even in the most recent publications on furanoid di-
terpenes (see eg. ref. 12), resonances at 140 and 144 ppm are attributed alterna-
tively to furan ring carbons C-15 and C-16. In order to eliminate this ambigu-

ity, we recorded high resolution (protcn-coupled)} 3¢ spectra of representative

diterpenes, which showed that, 1n addition to carbon-proton couplings with furan

ring protons, the resonance at higher field exhibited a splitting of 3.5 Hz due to

three~bond interaction with H-12, hence this rescnance nust be attributed to {--6.

Analysis of the 2 oana T3¢ data reported in this study leads to the fol-
lowing stereochemical conclusions. The Tq and 150 spectral properties of 1, 2
and 5 are in accord with published data on furancid diterpenes featuring anae ,8-
(#4,5)-unsaturated vy-lactone ring.9 Thus for each of these compounds the chemical

shift value of the allylic H-10 (2.82, 2.85, 2.95 ppm) suggests trans relative
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orientation for this proton and the C-20 carbonyl group.qo Whiie, in 1 and 2,
the coupling pattern of C-7 methylene protons clearly shows the C-8 methyl group
to be equatorially oriented, the 2.5 Bz measured for J(7eq,8), the only H-7 wvie-
inal coupling observable in the Y-hydroxyl molecule 5, is not specific for the
stereochemistry at C-8. This stereochemical detail, however, can be readily in-
ferred from carbon-13% results. Axially oriented C-8 methyl groups are expected

to result- via y—gauche interaction - in inereased screening for the allylic C-10
carbon atom as eg. in teucvidin (38.8 jppm)’]5 and teucrin H1 (36.3 ppm).ﬂo The
41,4 ppm (see Table 1) is practically identical with the value obtained for
teuevin (42.0 ppm),qa a related diterpene with an equatorially oriented C-8 methyl
group but without hydroxyl substituent at C-7, which shows that, in 5, orientation
of the C-8 methyl group is equatorial as had been anticipated on the basis of bic-
genetic considerations.q"5 It may be noted that the 13.4 ppm observed for the C-8
methyl carbon atom in 5 is consistent with the stereochemical conclusion: the
higher shielding (relative to the 417 ppm measured for equatorial €-8 methyls in

1, 2 and teucvin'®) is the result of y-gauche steric interaction with the axial
hydroxyl group at C-7. Another noteworthy fact is the unusually high deshielding
of the C-20 carbonyl carbon in 5 (18C.% ppm) which may be interpreted in terms of
1,3-gyn-diaxial {(or delta) sterze interaction’? between the carbonyl group and the

16 that carbon atoms bearing the substit-

hydroxyl substituent at C-7. I% is known
uents participating in delta steric interaction also exhibit an increase in their
chemical shift. This particular fsature seems to be reflected in the 56.3 ppm
measured for C-9 in 5, a value which is nearly 3 ppm higher than the chemical

shift obtained for €¢-9 in teucvin (53.5 ppm)qq.

The CD curve of 5 shows a strong positive band at 230 nm associated with
the n to r* transition of the o ,g-unsaturated lactone chromophore and a strong neg-
ative band at 201 nm, According to the Kuriyama rule47 the sign of the 230 nm
band corresponds to B-configuration of C-6H. This conclusion is confirmed by the
fact that the signs of both CD bands are identical with those observed for

18 and opposite to those of respective bands in teuflinqg, teucvidinqs,

10

teucvin
teucrin H1 and teucrin H410. Thus formula 5 represents the absolute stereo-
chemistry of teucrin A which is in accord with cecnclusions based on CD sgpectra

from the 6-oxo derivative of 2.20

Moleculea 3a, 10 and 11 have an oxirane ring in position 4 and differ

among themselves constitutionally in the number and position of the O-acetyl

—543—



groups. It will be recalled that the relative configuration of the spiro carbon
atom C-4 canbe inferred from the magnitude of the stereospecific long-range cou~
plings between C-18 oxomethylene and C-3 methylene protons.eq The four-bond cou-
plings (1.5 to 2.3 Hz) cobserved between H—Baxjand the lower field H--8 show that,
orientation of the C4-C18 bond is pseudoaxial in each of these compounds. Another
remarkable consequence of the given relative configuration is the unusually high
shielding of H_aeq protens (1 to 1,1 ppm), an effect attributable to the diamag-
netic anisotropy cf the oxirane ring. As observed in 3b, this effect was found
to disappear due to cleavage of the oxirane ring. Molecules 3a and 10 were re-
cently obtained via reduction and subsequent acetylation of 19-acetylgnaphalin,22
respectively, and the spectral dataof the synthetic products were compared with
those reported in preliminary papers on montanin C (jg)e and teupolin I (19)8.
While spectral comparison was considered satisfactory to show the identity of syn-

thetic and natural teupolind(jg), the authors of ref. 22 questioned the correct-

2 for montanin C. Inspection of the qH and 450

ness of structure 3a proposed by us
parameters collected on 3a, 1C and i1 in the present study show, however, that the

constitution and relative gtereochemistry of montanin C are correctly represented
by formula %a as suggested in our preliminary report. This conclusion received

Further support by the 1H and 150 analysis of products 3b,¢ snd d, obtained wvia

cherical transformation of mertanin C.

The proton and carbon-1% results for montanin D (4a) obtained in the
present study gave full support for the proposed constitution of +this molecule
featuring a condensed four-membered ether ring and axially oriented hydroxyl
function at C-6°. In addition, the detailed ki parameters inferred from the 400
MHz spectra of the diacetate (4b) (see experimental) showed +the orientation of
the methyl group at C-8 to be gguatorial and that of the C35-C20 bond tobe axial.
Information regarding the preferred confeormation of rings A and B was available
from the carbon-1% chemical shift data. According to the data in Table 1, in 4a
both C-10 and C-8 exhibit relatively low chemical shift values (37.95 and 3%2.16
ppm, respectively) which are readaly interpreted in terms of y-gauche interac-
tions between the axially oriented C-6(0H) group and axially oriented protons at
C-8 and C-10 avallable only in a chair-type conformation of ring B. The un-
usually high shielding observed for C-2 (6.9 ppm) suggests major conformational
distortions for ring A which is not unexpected in view of the condensed four-mem-

bered ring. (According teo molecular models, the preferred conformation of ring 4
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is presumably twist-boat.)

In our earlier paper &-ketoteuscordin (7) isolated from Teucrium

scordium® was assumed to be identical with the 6-oxo derivative of teuchamaedryn

5

B(=teucrin H2) 1solated from Teucrium chamsedrys”’. This conclusion was fully sup-

ported by proton and carbon-13 data obtained in the present study. Our recent x
NMR data also show that the orientation of the methyl group at C-8 is gquaterial

in both 6-oxo compounds {see 1H NMR data), hence it must have the same orientation
in the parent teucrin HZ2, as well, 1.g2. not axial as had been erroneously suggested

earlier.qo

CD curves of both 7 and 4¢, the 6-oxo derivative of 4a, were reccrded
and the pertinent data are collected in the Experimental section. Similerly to
some cother 6-oxo furancid dlterpenes25, the CD data provided no unequivocal infor-
mation as tc the absclute astereochemistry of chiral centres in the vicinity of the
6-0x¢ chromophore. However, it seems reasocnable to assume that the wezk bands at
approx. 225 nm in both molecules arise from the spiro lactone chromophore and,
since the observed negative sign is identical with that of the analogous band in
the CD spectrum of teucrin H3, they reflect an identical absclute configuration

16,22 and the rela-

at C-9. PFrom the known absolute stereochemistry of teucrin H3
tive stereochemistries of #4¢ and 7 (see above) it then follows that formulas 4a-c
and 7 represent with high probability the absolute stereochemistry of these di-

terpenes.

For the sake of completeness, Table 11 also includes carbon-413 data of
some related furancid diterpenes whose constitution anmd stereochemistry have been
firmly established in earlier studies: teucrin E (§)4’5, a long-time known conge-
ner of teucrin H2; Ge-hydroxy-teuscordin (§)6 and teuscordinon (2)7. For compound
& we note the downfield shift (absence of y-gauche interactions with the COH fune-
tion) experienced by resonances due to C-4, C-8 and C-10 compared to their values
in teuerin H240 which showsg that the confipuration of C~6 is opposite in the two
compounds. Both 8 and 9 are structurally related to bacchotricuneatin B, a relat-
ed natural produet {ex. Baccharis tricuneata} with no substituent group at C-6,

the #bsolute stereochemistry of which “is known from CD znd X-ray studieseq. Com=-

parison of the data for 8 and 9 in Table 1 with those published con bacchotri-

cuneatin B24 shows the anticipated identity of the relative stereochemistry of

these molecules.
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According to the results of CD measurements performed on 9, the identity
exists also in the absolute stereochemistry for these molecules. The negative
sign of the Cotton effect attributable to the 6~oxo chromophore (299.5 nm) indi-
cates Sup-configuration for the lactone methylene group. The band at 247 nm, on
the cther hand, i1s due to chromophecre of the five-membered lactcone conjugated with

25 and empirical 1:'u1es26 re-—

the exo-a,B-double bond. Theoretical considerations
quire that, with the assumed Se-configursed ring juncticn, the C=C-C=0 chromophore
should be of negative chirality and give rise to a negative Cotton effect which
is in fact the case for the band at 247 mm. CD spectral compariscn with related
diterpencids of known absolute stereochemistry (diterpencids isolated from

av

Baccharis trimera and Baccharis tricuneata24) lends support for this conclusion

and settles the absolute stereochemistry of 2 as shown in the formula.

EXPERIMENTAL

"B and "®¢ WMR spectra were recorded on a disk-augmented Varian XL-100/15
FT instrument operating at 100.1 and 25.16 Hz, respectively. High field 1H NMR
spectra were run on a Bruker WH-400E instrument cperating at 400,13 MHz. CD mea-
surenents were performed at room temp on a Jobin-Yvon-Roussel-Jouan meodel IIT

dichrograph using spectral grade acetonitrile.

(1) sH ppn (cD015): 1.4 (3H,4,7 8:6.8HZ,H-17), 2.82 (4H,dd,J =6.0+1.5Hz,

17,
L=1%.582,7

10,1

H-10). 2.44+2.68 (2H,m,d 2=9.O+8.5HZ,H—11), 5.45 (1H,dd,H-12}),

ge 11,1
6.42 {1H,m,H-14), 7.06 (ﬂH,m,Jq8,5=1.O+1.0Hz,H-18), 7.46 (2H,m,H-15+H-16),

sH ppu (CDg): 1.76 (TH,m,Jg ,=11.0+2.5H2,H-8), 5.01 (WH,m,J_ =16.50z,

Tgax,2=10-5+2. 54z, 0-3_ ), 2.35 (1H,m,E-3_ )3
(2) 6H ppm (CD015+DMSO-d6 5:1): 0.98 (BH,d,Jq7’8=6.6Hz,H—17), 2.85 (1H,dd,J10,ﬂ=
6.0+8.0Hz,H~10), 2.35+2.56 (2H,m,Jgem=1u_0Hz‘J11,12=8.6+8_9HZ,H_q1), 3. 804

4.38 (&2H,d,d_, =12.0Hz,H-18), 4.92 (ﬂH,t,J6,7:2.4+2.8Hz,H-6), 5.%6 (7H,t,H-12),

ge
6.41 (1H,m,H-14), 7.44 (2H,m,E-15+H-716), 3.28+3.46 (2E,b,~OH), § 4 ppm (C.D):

1,94 (IH,m,J,0=15.0Hz,,  g=1.0Hz,B=7 ), 2.58 (MH,m,dp  o=11.5Hz,H-7, ),

2.55 (1H,m,H—8);

(3a) ¢H ppm (CD015): 1.11 (5H,d,J17,8=6.4Hz,H—17), 1.96+2.06 (&H,s,-COCH), 1.02

(M,n,T___=13.CHz,J 2:5.0+3.OHZ,H~§eq), 2.05 (MH,m,E-3,.), 1.52 (1H,n,

gen Jeq,

OHz,J =3.0Hz,J

Yneq,6 4 04795, 8

gem=15.5ﬂz,H—7eq), 2.16 (ﬂH,m,JTax,6=11.OHz,
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g=11-5Hz,H-2_ ), 1.96 (1H,m,H-8), 2.18+2.93 (2H,dd,J , =4.2Hz,

ge 918, 3ax"
o= 14-0H2, 7, ,2=8.049.082,H-11), 5.35 (1H,dd,

J’?axa

2.%Hz ,H-18), 2.30+2.53 (2H,m,Jge
H-12), 4.79 (1H,m,H-6), 4.55+5.28 (2H,dd,J

gem=15.§Hz,qu,6=4.2Hz,H-ﬂg), 6.40

(MH,m,H-44), 7.43 (2H,m,H-15+H-16);

{Zb) ¢H ppm (CDCIB): 1% (5H,c1,J,],7 8:6.5Hz,H—1?), 1.42 (3H,s,B-18), 1.75 (1H,n,
b
J =15.5Hz,Jeq,6=5.5§z,J7eq,8=4.0Hz,H-7eq), 2.20 (1H,n,dJ

gem 6:"".51‘12,
4= 4082, T

7ax,

12.0Hz,H-7, ), 2.25+2,40 (2H,m,J =8.0+9.08z ,H-11),

Jnax,8= ze 11,12
5.34 (1H,dd,H-12), 4.08 (1H,m,H-6), 4.40+5.28 (2H,dd,d, _ =13.0Hz,J

ge 19,6~

1.2Hz ,H-49), 6.35 (1H,n,H-44), 7.42 (2H,m,H-15+H-16);

(3c) 6H ppm (CDCl3): 1.12 (3H,d,Jq7 8:6.5Hz,H—17), 1.97+2.00 (6H,s,-COCH5), 3.02

(1H,m,d ,_=12.0Hz,J o=#-0+1.0Hz,B=3, }, .76 (1H,m,7,,,=11.50z,]

7eq,6”
!8=10.0HZ,H—?aX),

5eq, &

8:2.0HZ,H-7eq), 2.04 {1H,m,J

ge

3.5Hz,4d 6:10.5H2,J

7ax, 7ax
=13.5H2,d,, ,,-8.0+9.082,E-11), 5.36 (“H,dd,H-12), 5.08
b

7eq,

2.30+2,46 (2H,m,Jgem

(18,m,H-6), 4.42+5.29 (2H,dd,J =13.0Hz,d 5 ¢=1.0Hz,H-19), 5.72 (1E,d,

ge
Jqs,BaX=0.8Hz,H-18), 6.38 (1H,m,H-14), 7.44 (2H,m,H-15+H-"16)};
(3d) 8H ppm (09015): 1,04 (3H,d,J47,8:6.5Hz,H—17), 1.48 (ﬂH,m,Jgem=14-0Hz=J7ax,6=

VOHE, 5y g=12.762,H-7,.0, 4293 (MH,m, 050 =5.0Hz,0,,  o=4.50z,H-7, ),

.42 (1H,n,E-8), 1.88+2.62 (2H,n,J_, =15.547,J 5=9.3+2.5Hz,H-11), 4.63

ge 11,1

(14,44 ,H-12), %.96 (MH,m,H-6), 4.58+4.73 (2H,dd,J m:ﬂB.OHz,qu 6:1.2HZ,H-19),
k)

ge
3.68 (°H,s,H-18), 3.45 (BH,S,-OCHB), 3.20 (1H,s,C4-0H), 3.6+4.7 (24,b,-0H),

.44 (MH,m,H-14), 7.41 (2H,m,H-15+H-16);

(4a) &% ppm {CDCL 0.92 (3H,d4,J,, g=6.5Hz,H-17), 2.25+2.50 (&H,m,J_  -"14.0Hz,

3): 17, ge
T44 12:8.5+9.0Hz,H—1ﬂ), 5.39 (1H,dd,H-12), 4.68 (1H,dd,H-6), 3.34+4.40 (2H,
b

d,Jg m=44.5Hz,H-18), 4.,024+4.73 (2H,d,Jg m=7.5Hz,H-19), 3.68 (2H,b,-0H), 6.39

(=] (5

{1H,m,B-14}, 7.4% (2H,m,H-15+0-16);
Conversion of montanin D into its 18-O-acetyl derivative. Compound 4a
(50 mg) was treated with the mixture of acetic anhydride (0.416 ml) and pyridine
{1 ml) at room temp for 24 h. The 18-0O-acetyl derivative was separated from un—
reacted 4a and diacetyl 4b through chromatography on silica gel (PF254+366) using

benzene-methanol (14:3) sclvent mixture. Yield 30 mg.

Oxydaticn of 18-0-acetyl derivative of 4a into 4c. 18-0O-acetyl derivative
(10 mg) dissolved in dry dichloromethane (1 ml) was treated with pyridine—0r205

complex {4% mg) at room temp for 24 h. The product 4c was purified on tlc plate.
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(4v) $H ppm (400 MHz) (03013): 0.93 (3H,d,5,, g=6.7Hz,H-17), 2.33+2.48 (H,n, T, _ =

17, gem
1%.84z,J =8.5+8.8Hz,H-11)}, 5.40 (7H,dd,H-412), 1.85 (1H,m,J

014,12 n="15-0lz,

ge.

3.802,H-7_ ), 2.12 (E,m,dp,, (=2.1H2,3, o=12.8E2,H-7

7a ax)’

gen=12+352,H-18), 4.1644.78 (2H,d, T =

7.9Hz ,H-19), 6.39 (1H,dd,J44’15=4.8Hz,J14‘16:0.9Hz,H-ﬂ4), 7. 44(2H,m ,H-"15+

I9eq,6777eq,8"
5.68 (1H,dd,H-6), 4.07+4.11 (2H,d,d

H-16), 2.06+2.09 (€d,5,-C00H,);

(4c) 6 H ppm (03015): 1.08 (3E,d,d 4, g=6.5Hz,H-17), 2.30+2.50 (2H,m,J . ="14.0Hz,

ge

Jqq,12=8.5+8.5HZ,H—11), S.47 (1H,t,H-12), 3.02 (1H,dd,Jgem=13.5Hz,J

11.0Hz,1-7,.), .52 (2H,s,H-18), 4.58+4.90 (2H,d,J

Pax,8"
gem=?.5Hz,H—19), 2.0%
(34,s,-COCH,), 6.40 (1H,m,H-14), 7.47 (2H,m,H-15+H-16). CD (CH5CN): % ,nm

(ae ), {+0.32) -0,74) RO
({61 297 (47080)r 223.5 E-244o)° 190 Eigaogo)’

(5) &H ppm (Dmso-d6+cncl3 3:1): 1.20 (3H,d,J
2.5Hz ,0-8), 2.95 (1H,m,J

47,8=6.5HZ,H—1?), 2.18 (1H,m,J8,7=
qo,1=6.0+9.0Hz,H—10) 2.68+2.70 (2H,m,Jgem=14.0Hz,

J =8.0+9.0Hz ,H-11), 5.70 (1H,4d,H-12), 4.10 (1H,dd,J, .=4.5Hz,H-7),
11,12 72
4,92 (4H,m,J6 5=2.4+.2.0HZ,J6 10:1.5HZ,H—6), 6.49 (1H,m,H-14), 7.56 (1H,m,
1 3

H-15), 7.64 (1H,m,H-16), 4.56 (1H,b,-OH). CD (CH§CN): A ,nm E?g;}: 299.5

(71:383, 247 (735582 22005 (1B:2005, a0e (12070

(6) 6H ppm (DMBO-d+0DCL, 3:1): 0.98 (3H,d,d,, g=6.5Hz,E-17), 4.74 (“H?m=J7eq,6=

{—44G0 -12700) (+27200)°

4.0Hz,J 8:5.8Hz,J m=q3.5Hz,H-7eq), 2.9 {1H,m,J

7eq, ge 7ax,6= 1= HZ:T0ay 87
44.5Hz,H—7ax), 2.3%38+2.40 (2H,m,JM 12=8.O+9.OHZ,H—11), 5.%5 (1H,dd,H-12),
k]

4.20+4.43 (2H,d4d,d sﬂﬂ.OHz,Jﬂ9,6:0.7Hz,Hnﬂ9), 3.49 (71H,m,H-6), 6.40 {4H,m,

gem
E-14), 7.44 (2H,m,H-15+H-16), 4.09 (4H,d,J6 _OH=6.OHZ,—OH), 8§ H ppm (c6D6):
L]

2.48 (1H,dd,J, -=5.0+8.0Hz H-4);

4,3
Oxydation of teucrin HZ2 into its 6-oxec derivative. Teucrin H2 (20 mg)

dissolved in dry dichloromethane (% ml) was treated with pyridine—CrEO3 complex

(43 mg) at smbient temp for 7 h. Purification of the product was made on kieselgel

plate (PF254) with benzene-methanol (14:3) solvent mixture.

(2) 65 ppm (CDCL): 112 (3H,d,04 g=6.5Hz), 2.44 (2H,d,J,, ;5=8.5H2,0-11), 5.42

{1H,t,H-12), 2.58(ﬂH,dd,Jgem=14.5Hz,J eq,8=4.5Hz,H—7eq), 3.4 (1H,dd,7T,

7ax,8
=11. 38z,

’7
15.3Hz,H—7ax), 2.89 (1H,dd,J, 3=7.0+9.5Hz,H-4) 4.78+4,46 (1H,d,J
H-19), 6.41 (1H,m,H-14), 7.46 (2H,m,E-15+E-16). CD (CH,CN):3,mm (2e)

(o)’
{-0.97) (~-1.40 (+0.%7) {(+6.7) .
(-3200) 226 (—4600%’ 206 sh ¢13550)r 190 ¢125000)5

(8) ¢F pem (DMSO-G+CDC1y 3:1): 1,01 (3K,d,7 =6.2Hz,H-17), 2.45 (2H,d,J,, .=

17,8
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8.6Hz ,H-11), 5.%9 (1H,t,H-12), 3.63 (1H,m,J6 7:1ﬂ.1+4.0Hz,H—6), 3.88+4.80
E

(2H,dd,J . ,=10.002,0 g ¢=1.0Hz,H=19}, 6.76 (1H,dd,J 6.442.9Hz ,H-3), &.40

3,27
=6.5Hz,-0H), 6 H ppm

ge

("H,m,H-14), 7.46 (2H,m,H-15+H-16), 4.36 (1H,d,J; _op
L]

(pyridine—ds): 1.79 (44,m,H-8), 2.09 (1H,m,JgEm=ﬂ3.5Hz,J?eq’8=4.5ﬂz,ﬁ—7eq),
2.51 (1H,m,J7aX,8=ﬂ1.5Hz,H—?ax;

© 5,001 aam {19y 03 CR 20 (. 205 (D
-107

(-35300) }

(10) ¥ ppm (GDC1y): 1.01 (3H,d,d,, g=6.4Hz,H-17), 2.06 (3H,s,-COCH,), 1.10 (1i,m,

17,
J m:ﬂe.5Hz,J58q,2:5.5+5.0HZ,H-5eq), 2.35 (MH,m,H-3__), 1.62 (1H,m,J7eq,6z

ge
4.1 Hgz, 5.8Hz,J'em:14.0Hz,H—7eq), 2.444%.22 (2H,dd,J

J?eq,Bz g
2.2Hz,H-18), 2.35 (2H,d,J

gem=5'9HZ’J18,5ax=

11 12:8.7HZ,H—11), 5.33 (1H,t,H-12), 3.65 (1H,m,H-&),

4.69+5.03 (2H,dd,J,, =13.00z,J,q o=1.0Hz,H-19), 6.40 (H,m,B-14}, 7.42 (2H,m,

gem 19.
H-15+E-16), 3.45 (1H,s,-0H), s§H ppn (GgDg): 2.85 (1H,m,J7ax’8=11.5Hz,H—7ax);

(211) sH ppm (CD015): 0.99 (3H,d,J17 g=6.6Hz,H-17), 2.04 (BH;s,—COCHE), 1.09 (1H,m,

Jgem=ﬂ5.0Hz,Jzeq,2=3.0+5.5Hz,H-5eq), 2.50 (1H,m,H—§aX), 1.61 (MH,m,J

4'6HZ’J7eq,8=3'5HZ’Jg

H-7_.), 2.0 (1E,n,H-8), 2.23+2.92 (24,dd,J

7eq,6

em:ﬂa.sﬂz,H-7eq), 2.40 (1H,m,d, 6=11.8HZ,J7aX,8=ﬂﬂ.2Hz,

7ax,

=4-CHz,J =2.%Hz ,H-18), 2.38

ge 18, %ax

(eH,d,d,, 12:8.?Hz,H—1ﬂ), 5.35 (1E,t,H-12), 4.86 (MH,m,B-6), 4.0+4.71 (2H,dd,
L]

Jgem=15.ﬂHz,J19’6=1.5Hz,H—19), 65.39 (1H,m,H-18), 7.44 (2H,m,H-15+H~16);
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