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Abdt4nct - I3c- and Pnoton-NMR dpecthal data 06 the title cornpoundd h a m  

been appnaided. 

Interaction between hypersensitive plant tissues and various parasites elaborate small molecular 

weight substances called ph~toaiexins~-~. These compounds may be primary or secondary metabo- 

lites which accumulate to higher levels in the damaged than healthy t ~ s s u e ~ ' ~ .  Many of these 

compounds have been implicated in the toxicity of diseased food plants to humans and livestock. 

W c h  interest has been shown in recent years to unfold the defenselinhibitory mechanism in 

plants manifested by pnytoalexins. 

Phytoalexin production can be by many physical factors such as ~ o u n d i n g ~ ~ ' ~ ~ ,  ultra- 

v~olet~~-~', chemical elicitors such as heavy anti metabolite^^^, DNA interchelat- 
ing agents4', RNA synthesis i n h i b i t o r ~ ~ ~ l ' ~ ~ ,  peptides~proteins~~-~' and many other f a c t ~ r s ~ l - ~ ~ .  

Phytoalexins, also called stress metabolites may or may not have an antifungal activity and yet 

they are accumulated in response to infection. Examples for this phenomenon may be the phyto- 

alexins produced by Leguminosae. Thus pterocarpans (antifungal) and coumestans (mostly inactive) 

are both produced by plants belonging to this This has further confused the issue of 

the role of these substances produced in the host. Structural diversity of phytoalexins isolated 

from different plant families have helped to understand their biosynthetic derivation and other 

characteristics on the one hand while on the other it points out the fact that phytoalexins are 

not a homogeneous class of substances. 

Phytoalexins are indeed produced in very small amounts and their isolation in milligram scale is 

often, faced with difficulties. This hinders the attainment of spectral data for their identifi- 

cation. Thus a need for accumulation of the published data, on these compounds is most desirable. 
1 This is the concern of the present article. We have already accumulated and published H-NMR 

1 13 data on pterocarpan and related phytoalexins3 and here we shall be accumulating H-NMR and C-NMR 

data for terpenoid phytoalexins which are mainly derived from memhers of Solnnaceae family of 

olants. 



Because of its economic importance, potato (5. tuberosum) has been the centre of attention for -- 
chemical and biochemical research. Early work on this tuber, under stress, has reported the pre- 

sence of usual pehnolic such as chlorgenic acid, couramaric acid and its 

66.67 derivatives, like scopolin, esculin and umbelliferone. Nonphenolics such as pipecol ic acid , 
sterol6' and steroidal alkaloids namely solanidine (1). chaconine and tomatidenol 12) have been 

reported in Potato tubers by mechanical injur~~'-~~. More than twenty five sesquiterpenoid phy- 

toalexins have also been isolated and identified from potato tuber in response to various biotic 

and abiotic elicitors. Out of these phytoalexins rishitin (3) was the first one to be reported4. 

This was then followed by the isolation of various other sesquiterpernold stress metabolites such 

as rishitinol (4). lublmin (6). oxylubimin (7), phytuberin (a),  solavetivone (9). capsidiol (101, 

etc. 

Rishitin (3) a representative example of this series of compounds has been induced by compatible 

and noncompatible race of P. infestans. A nonpathogen of potato, Fusarium solani, has also been 

found to induce the formation of ri~hitin~~.~'. Rishitin is also produced in response to bacterl- 

urn7', fungal7', proteins, lipids8', nematocids 1,2-dibrorn0-3-chloropropane~~, chlorampheni~ol'~-~~ 

and sodium fluoride7'. A DNA fraction from a resistant potato hybrld has also been found to eliclt 

rishitin when applied to a susceptible cultivare4. 

Because of their blogenetic relationship. none of the above mentioned sesquiternes is found alone 

and therefore most of them are present only in detectable amounts. Yet spectroscopic data for 

most of these and related compounds has been published in the literature. For example 13c-NMR 

data has been extensively used for identification of these phytoalexins. The relative and absolu- 

te configurations of different groups, in these stereochemically important molecules have also 

been decided by use of nuclear magnetic resonance spectroscopya5. Thus 'H-NMR studies showed that 

both the hydroxyl groups in rishitin 13) are equatorial and the absoluted configuration of this 

compound has been decideda5-" as shown in structure 13). 

The non-equivalence of the methyl groups of 1-hydroxy-1-methylethyl function in rishitinol ( 6 )  has 

been ascribed by its NMR studies. The absolute configuration of this molecule has been assigned 

by analogy uith that of rishitin (3) and occidol (5). Capsidiol (lo), another phytoalexin elicited 

by potato in response to  man^^^-^^ fungi was identifled by full 'H-NMR analysis. This compound has 

trans relationship between the methyl groups attached to C-4 and C-5, as established by 'H-NMR 

spectroscopy. Thls is an exceptional case where methyl groups in an eremophilane type structure 

are present in a trans fashion, whereas in over one hundred known naturally occurring eremophila- 
nes, these groups are Present in a %relationship. The uniqueness of capsidiol structure was 
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further confirmed by X-ray analysis and aiso 1 3 ~ - ~ ~ ~  data91-93. 

b s t  of these compounds have an isopropyl groups which show characteristic signals for the ole- 

finic groups (1.7-1.9 ppm) and the terminal olefinic protons at 4.6-4.9 ppm. Equivalent or nearly 

equivalent olefinic protons, as expected, show broad signals lacking fine structure. Spin- spin 

decoupling has been used to show the weak interaction with methyl protons, by the sharpening af 

each band upon simultaneous irradiat~on of the other band. Additional methyl group signals 10.9- 

1.6 ppm) are also present and their simple or multiple nature is readily distinguished between 

methyl groups at tertiary or quaternary carbons respectively. The methyl groups appearing In 



2 the range of 1.9-2.3 ppm are indicative of their attachments to sp carbons. For isopropyl 

groups, the methyl groups are nonequivalent with a small difference in their signals. For their 

clarification, lanthanide shift reagents are commonly used to identify the nearly equivalent 

nuclei of this series of com~ounds~~. 

The olefinic protons range between 5.7-6.8 ppm and their coupling constants not only indicate the 

substitution on the vicinal carbon atoms but also the nature of functional groups on these carbon 

atoms. Double irradiation of these signals defines the coupling pattern in these molecules. 

Deuterium exchange has been helpful in deciding hydroxyllc proton signals. 

The carbinyl signals in these compounds are Important in deciding factors for structure elucida- 

tion. The carbinyl protons in lubimin (6) and oxylubimin (7) give rise to multiplets at 3.6 and 

3.4 ppm respectively, each with half-width of >20 HZ, showing an equatorial hydroxyl group since 

the carbinyl proton must be axial with two axial neighbours. The remaining carbinyl proton for 
w 

oxylubimin (7) at 2.98 ppm appears as a doublet of doublets with J d  and ".lOHZ. An axial- axial 

vicinal coupling of one of thls signal with carbinyl proton at 3.4 ppm and the other with the 

methine proton is shown by spin decoupling experiments. 

An aldehyde function in these compounds such as lubimin (6) and oxylubimin (7) show doublets at 

9.74 and 9.78 respectively with J--3Hz. This coupling has helped to locate the aldhyde group at 

a crabon atom with single proton. Spin-decoupling then located this methine proton at 2.26 and 

2.33 ppm respectively. The small coupllng constants indicated that the aldehyde function was 

equatorial whlle the methin proton was in axial configuration. 

13c-N~n Spectroscopy: 

Sesquiterpenes generally give rise to 13c-NM~ spectra having separate lines for each carbon and 

the specific carbon types are readily identified by off resonance decoupling. A remarkable sen- 

sitivity of Carbon shleldings to molecular geometry and conformation has been observed for capsi- 

diol (10) and related compounds thus establishing their absolute stereochemistry. 

Sesquiterpene stress metabolites, show carbonyl, oleflnic, carbinyl and alkyl carbons from the 

position of the signals in their 13c-NM~ spectra. Thus ketonic carbonyl carbons show signals 

between 180-200 ppm and are distinguishable from aldehydes by off-resonance decoupling. For 

capsidiol (101, noise decoupled spectrum showed fifteen signals. Four at the lowest field for 

olefinic carbons with the fully substituted pair with lower intensities. Similarly one of the 

high field peaks (40 ppm) has a relatively low intensity, identifying it as a quaternary carbon 
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signal. Off-resonance spectra showed that 9.5, 21.1 and 32.4 ppm signals arose from methyl car- 

bons, C-14, C-13, and C-15 respectively. 

There are deshieiding trends caused by =-axial interactions of groups separated by four 95'96 

bonds and methyl carbons are remarkably sensitive to their special orientation with respect to 

their r-neighboursgl. It has also been reported that for methyl carbons, similarly distinctive 

and directionally opposed, effects are observed in syn- axial orientation relative to their 
95 bneighbours . Thus methyl carbon signals have helped in establisheing the vivinal methyl 

groups C-14 and C-15 in trans diaxial position in capsidiol. The C-14 signal being higher due 

to the neighbouring guache hydroxyl group. From various 1 3 ~ - ~ ~ ~  signal considerations supported 

by X-ray analysis, absolute configuration of capsidiol has been established as (11) by excellent 

studies of Stoessl et a ~ ~ ~ , ~ ~ .  

The slgnals at 41.4, 48.9, 65.8, 75.8 and 128.9 ppm were asslgned to carbons wlth one proton di- 

rectly attached to them. The mthylene carbons showed up at 31.4. 36.8, 46.4 and 109.0 ppm. The 

last of these slgnals was due to the exomethylene carbon while its partner C-11 showed up at 

150.3. The slgnals near 21, 109 and 150 pm are characteristic of isopropenyl group in this 

series of compounds. Thus from 13c-N~R, capsidiol was shown to have three methyl, three rnethy- 

lene, two-CHOH-, two methine and one quaternary carbon, a trisubstituted double bond and an iso- 

propenyl group accounting for fifteen signals mentioned above. 

13c-N~R, as applied to lubimin (61, helped to characterize a quaternary carbon signal at 46.9 

ppm, thus revising a previously proposed structureg1. The isopropenyl carbons appeared at 21.2, 

108.8 and 147.3 ppm,while an aldehyde carbon signal appeared at 204.9 ppm. A -CH(OH)-(69.3) ppm, 

a secondary methyl (16.4 ppm) as well as five methylene carbon signals (25.9, 32.6, 33.3, 40.3 

and 41.8 ppm) and three methine carbons (41.8, 47.4 and 58.4 ppm) also were apparent in the I3c- 

NMR spectrum of lubimin. The two equivalent signals at 41.8 ppm were distinguished by off-re- 

I sonance decoupling. This information along with the H-NMR data defined vetispirane skeleton 

for lubimin as (6). Subtle structural features like unresolved proton signals for hydroxyiso- 

propyl moiety have also been shown to be resolved in of these compounds. Thus 'H- and 

13c-N~R spectroscopy has played a pivotal role in solving problems relating to structural and 

configurational nature in sesquiterpene stress metabolites. 



Stress Agents Referred in the Following Tables 

Phytophthora infestans 

Fusarium oxysporum 

Phoma exigua var. exigua 

Erwinia carotovora 

Glomerella cingulata 

Tobacco mosaic virus 

Helicobasidium mmpa 

Ciadosporium cucumerinum 

Ceratocystis fimbriata 

Black rot mould 

Piricularia oryzae 

2,2-Dichloro-3.3-dimethylcyclopropane 

2. Fusarium solani 

4. Yerticiliium albo-atrum 

6. Phoma exigua var foveatea 

8. Mmilinia fructicola 

10. Diseased plant 

12. Ceratostomella fimbriata 

14. Botrytis cinerea 

16. Botryodiplodia theobromae 

18. Botrytis theobromae 

20. Mrcuric chloride 

22. U.V. Light 

Solvents Referred in the Tables 

1. Chloroform-d 

2. Carbon tetrachloride 
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C O M P O U N D  

S h i t i n  

s h i t i n o n e  

i s h i t i n o l  

lb i rn in  

u b i m i n o l  

- 
JLANT 
SOURCE 
7 

Solanurn 

x b e r o -  

sum 

i o l a n u m  

t u b e r o -  

sum 

Solanum 

t u b e r o -  

sum 

Solanurn 

t u b e r o -  

sum, egg 

p l a n t ,  

D a t u r a  

s t r a m o n i  

um 

Sa lanum 

t u b e r  o- 

sum 

- 
TRESS 
(GENT - 
-9 

I 

1,744 

1 

- 

NMR SHIFTS (ppm) ~ R E I  

C12;21.1,C13;16.5,C14. 

PMR: 1.76,s,13-CH3;0.76,s,15-CH3; 112 

PMR: U.94,d(J7HZ),14-CHj;1.68,s, 92,91 

13-CH3;3.65,m.lH;4.65,2H,s,9.74,1H, 100, 

d(J3Hz). 

CMK: 41.8,C1;59.3,C2;40.3,C3:41.0, 

c4;46.9,C5;33.3,C6;47.4,C7;32.6, 

114- 

117 



C O M P O U N D  

rylubimin 

yclodehydroisolubimin 

solubmin 

0-E~ilubimin 

- 
PLANT 
SOURCE - 

Solanum 

tubero- 

sum 

Soianum 

tubero- 

sum 

Solanum 

tubero- 

sum 

Solanum 

tubero- 

sum 

NMR SHIFTS (ppm) 

147.5,C11;107.8.C12;21.2,C13;16.1, 

:14;63.9.C15. 

'Ma: 0.89,d(J7HZ),14-CH3;1.08,13- 

:H :2 38,d.d.d.(J10,4,2.5HL),Clo0 
3 .  

1;9.a,d(J2.5H,),Cl5-H;4.75,br.s, 

H ;3.01,t(~10~~).3,48,t(JlOH~) '12- 2 

3.9,br.s.Exch.D20,-CH(OH).CH(OH)-. 

:MR: 42.2,~ ;74.i,c2;76.a,c3:47.i, 1 

:4;48.3.C5;32.7.C6;47.3,C7;30.5, 

:a;26.8,C9;57.6,C10;147.0,C,1; 

109.0,C12;21.2,C13;11.2,C14;204, 

-15' 

>Ma: 1.22.s.14-CH3;1.76,s,13-CH3; 

2.5,br.s.2H;3.64.d(JY.9HL),1H; 

3.98,m(J8.9Hz),lH;4.74,m,2H. 

CMR: 21.2(q);21.4(qj;30.7(t);32.9 

(t);35.2(t);45.6(t);46.O(d);47.0 

(d);52.9(t);54.6(s).71.7(t);83.5 

(s);108.9(t);148.2(~1210.1(~). 

PMR:O.90,14-CH3;1 .69,br.s.l3-CH3; 

3.70.15-CH -;4.68,12=CH2. 2 

CMR: 50.1,C,;211.6,C7;46.7,C3;43.( 

C ;46.8,C ;40.0,C6;47.2,C7:32.5, 4 5 

C 8 ;25.0,C9;42.4,C10;147.6,C11; 

108.6,C12;21.5,C13;16.7,C14;64.3, 

C15. 

?Ma: 0.94,d(J6.5Hz),14-CH3;1.72,s 

13-CH ;4 68,s.12=CH2;9.81,CHO;3.~! 3 '  

br,-CH(0H)-. 

CMH: 42.2,C1;66.6,C,;39.9,C3;36.Y 

Cq;46.3,C5;32.9,C6;48.0,C7;38.8,C, 

30.7,C9;58.6,C10;147.6,Cl,;108,C1~ 
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C O M P O U N D  

- 
'L ANT 
;OURCE - 
Ilanurn 

~bero- 

lrn 

)lanum 

ubero- 

urn 

olanum 

ubero- 

urn 

olanurn 

ubero- 

urn 

~olanum 

ubero- 

,urn 

~ l a n u m  

lberosum 

- 
TRESS 
GENT N M R  SHIFTS (ppm) 

!1.4,Cl3;17.0,Cl4;205,Cl5. 

:MU: 42.1,C1;66.6,C2;40.4,C3;35.4, 

:4;46.4,C5;35.0,C6;47.9,C7;31.2, 

:8;31.3.C9;49.1,C10;148.4,C11;108.2 

:12;12.5.C ;17.?.C14;62.1.C15. 13 

:MR:40.9,C1 ;46.6,C2;32.7,C3;34.3,C4 

j0.2,C5;166.1,C6;1?5.4,C7;198.4,C,; 

13.1,Cg;39.3.Cl0;146.S.Cl1,l08.9, 

:12;20.B,C 13 ;21.Z,Cl4;15.9,C 15' 

?MK:0.97,d(J7HZ),3H;1.18,S,3H;1.6- 

2.4,m,8H;1.95,d(J1HZ).3H;2.67,m,2H; 

3.43,d(J12H,),1H;3.55,d(J12Hz),lH; 

5.76,br,lH. 

CMfl:15.9,-CH ;21.0,CH3;21.7,-CH3; 3 

27.4,-CH -;34.0,-CH2-;36.9,-CH7-; 2 

38.5,>CH-;52.8,-CH2-;46.1j>CH-; 

49.9,>C<;69.3,-0CH2-;73.6,-0-C<-. 

125.4,=CH-;167.1,=C<;19Y.ZZ>C=0. 

PMR:0.96,d(J7HZ)3H;1 .21 ,1,3H;1.5- 

2.4,m,8H;1.99,d(J1HZ),3H;2.70,m, 

2H;3.3-40,m,-CH2-0;4.3.d(J7HZ).1H; 

j.74,br.lH. 

PMR: 1.04,1.44,1.47,1.56,1.99,5xs, 

5x-CH3;4.67,d(J2.6HZ),1H,=CH-;6.44, 

d(J2.8HZ),1H.-0-CH=;3.26,d(J8.5HZ), 

1H;3.39,d(JB.5HZ).-CH2-0. 

CMR: 74.0,C1;11n.7.22;105.3.C3; 

93.5.C ;95.1,C5;29.6,C6;44.1,C7; 4 

22.1,C8;34.8,C9;45.4,C1U;J3.7,Cll, 

23.7,Cl2;23.1,Cl3;23.7,Cl4;l6.7, 

C ;17O.0,Cl6:22.6,C 15 17' 

CMR:73.i3,C1;146.9,C2;104,C3;93.4. 

C ;95,C '29 6,C6;46.3,C7;21.7,Ca; 4 5' ' 

- 
LEE - 
10 

122, 

121 

124 

5.78 

4,lO 

21, 

23, 

25. 

26 

- 



C O M P O U N D  

Auberqenone 

- 
'LANT 
jOURCE 

pomoea 

iatatas 

pomoea 

latatas 

pomoea 

atatas 

Iornoea 

atatas 

igg pian 

Nicot~na 

liUtlnOS< 

NMR SHIFTS (ppm) 

4.6,Cg;45.1,C10;72.4,C11;26.7,C12; 

7.3,Ci3;23.3,C 14 ;16.6,C15. 

MX: 7.29,d(J1.8HZ),1&4-H.6.29,d(J 

.8Hz),2-H;4.84,m(J6.0,4.2,1.8Hz), 

-H;1.85.m,6&7-H;2.69.q(J.r'15.BHZ), 

U-H;Z.29,d(J6.2H ),12-H;1.29,s,9- 

H3;0.87,d(J6.0HZ).14&15-CH3. 

MR: 0.86,d,14-CH3;1.33,s,9-CH3; 

.71,lO-H;3.62,15-CH20'H;4.91,m,4-H; 

.37.t,Z-H;7.37,d,l-&4-H. 

N R :  0.92,d(J6.UHz),9& 10-CH3;1.22, 

4-CH ;2 55,~,5-CH,;2.Y,m,2-CH~; ' 3 '  

.5-2.4,m,3-,7-,8-H;6.77,7.17,8.08, 

urylalkanone protons. 

PMR: 0.94,0.Y7,d(J/HZ),4-,9-10-CH3 

2.20,br.s,6-&7-0H;2.82,t(J7Hz),2-H 

3.14,t(JSHZ)7-H;3.75,1,6-H;6.84,m, 

furyl-H at C4;7.56,m,furyl-H at C2: 

B.l6,m,iuryl-H at C1;l.l-2.l.m,6H, 

other protons at C3,4,588. 

PMR: 1.06,s,15-CH3;l.13,d(J7HZ), 

14-CH ;1 22,s,12-&li-CH3;Z.32,dd 3 '  

(J11&/Hz),4-H;5.d4,q(J10Hz),l-H; 

6.71,q(J10HZ),2-H. 

CHH: 160,C,;125.9,C2;201.0,C3;n9.1 

Ca;45.3,C 5 ;26.1,C6;44.5,C7;2Z.4.C8 

40.0,Cg:36.2,C10;13.4,Cll;72.6,C12 

27.2,Cl3;27.6,Cl4;20.B,Cl5. 

PMR: 0.53,d(J6HZ),14-CH3;1.71,s, 

13-CH3;3.53,s,0H;4.3S,d(J5HZ),3-H; 
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C O M P O U N D  

apslcum 

ru tescen  

olanum 

elongena 

olanum 

elongena 

olanum 

elongena 

~olanum 

elongena 

- 

1.72.br.s.12-CH2;5.dB,br.s,l-H. 

'MR: 0.93,d(J7.1HZ),14--CH3;1.12,s, 

15-CH3;1.73,s,13-CH3;4.24,t(J4.6, 

l .6&12.4Hz),3-H;4.34,t(H1 .9,2.75, 

5.2&11.4),1-H;5.94.t(J1.9,1.9,6.3HJ 

3-H;4.69,4.72,d(J2HZ),12-H. 

CMR: 75.4,C,;36.8,C2;65.8,C3;48.9, 

C 4 ;40.0,C5;46.4,C6;41.4,C7;31.4,C8; 

12d.9,Cg;141.2,C10;150.3,C,1;109.0, 

C 12 ;21.1,C ;9 5,Cl4:32.4,Cl5. 13 ' 

CMR: 111.6,144.8,C2;73.2.C3;41.8.Cq 

?3.0,C5;122.8,C6;129.6,C7;55.2,C8; 

198.9,Cg;129.2, Cl0;155.4,C1,;27.6, 

C 12 ;27.9,C13;16.4,C 14 ;20.7,C15. 

PMR: 5.19,d(Jl.5Hz).la-H;5.051,d(J 

l.5HZ),lb-H;5.936.t(Jl7.4,16.%), 

2-H;5.62,d(J16.0Hz),10-H;5.605,d(J 

16.0HZ),9-H;2.65,d(J4.5Hz),8-H;5.16 

t(J7&1.5Hz),6-H;1.30,~,3-CH3;1.33,s 

12-&15-Me;1.62,s,14-Me. 

CMR: 111.7.C1;144.9,C2;73.4,C3;42.1 

C4;22.9,C5;125.0,C6;134.1,C7;42.4, 

C .125.2,Cg;139.4,Cl0;7O.6,Cll;29.9 8 '  

C12;27.9.C13;16.2,C14;29.'3,C15. 

CMR: 111.7,C1:144.9,C2;73.5,C3;41.d 

C 4 ;23.0,C5;127.7,C6;137.0,C7;48.1, 

C8;66.0,Cg;128.4,Clo;131.9,C11;25.7 

c ;~a.i.c13;i6.~,c14;i8.z,c15. 12 

PMK: 5.195,d(J1.5HZ),la-H;5.055,d 

(J1.5HZ),lb-H;5.93,t(J10.5,17.5Hz), 

2-H;6.14,d(J15.5.7.5Hz),10-H:55610, 

d(J15.5,7.5HZ),9-H;2.8,t(J7Hz),8-H: 

5.16,6-H;4,85,m,12-H;1.30,~,13-CH3; 

- 
LEE - 
B,8E 

$1, 

146- 

151 

142 

142 

142 

1 42 

142 

- 



C O M P O U N D  

11-Ethoxynerolldol 

Calailusenone 

I~ocdiam~~enon? 

Tropone 

'LANT 
;OURCE - 
iolanum 

lelonqeni 

icorus 

:alarnus 

\COPUS 

;alamus 

icorus 

:alamus 

N M R  SHIFTS (ppm)  

1.86.s.15-CH3. 

PMR: 5.30,d(Jl.5Hz),la-H;5.14,d(J 

l.5HZ),lb-H;6.08,t(J18&10Hz),2-H; 

5.26,t(J7HZ),6-H;5.3,d,lO-H;5.5& 

d,9-H;Z.72,8-H;l.ZS,s,l3-CH3;l.26, 

s,12&15-CH3;1 .6d,l4-CH3;1 .14,t,O- 

CHZ-CH 3 '  ;3 iO,q,-0-CHZ-CH3. 

PMQ: 1.33,m.Za-H;Z.j4,m,Zb-H;2.1)4, 

m,3-H;Z.ii?.m.4-H;2.95,d(J17HZ),6a- 

H;3.17,d(J17HZ),6b-H;2.77,d(J%), 

9-H;2.6a.m,10-H;1.85,s,lZ-CH3;Z.04, 

s.13-CH3;1.08,d(7Hz),14-CH3;1.07,d, 

(J7HZ),15-CH3. 

CMR: 138.78,q,C1;34.266,C2;31.048, 

C3;45.052,Cq;137.617,C5;27.353,C6; 

134.474,C7;204.64,C8;48.9Z6,C9; 

33.372,C10;140.402,C,1;22.546,C12; 

23.003,C,3;1Y.844,C14;1Y.733,C,5. 

Pih? 2.82,m,l-H;l.3-Z.O,m,Z-H;2.2, 

m,2-H;2.78,d(J16Hz),6-H;3.23,d(J 

16H ),0-H;2.3,m,Y-H;2.42,m,lO-H; 

1.76,s,12-CH3;1.75,s,13-CH3;0.YC,d 

(J7HZ),10-CH3;1.62,s,15-CH3. 

CMII: 53.0ti9,C1;37.067,C7;23.4?d,C3; 

135.451 ,C4;132.5Y1 ,Cj;27.532,C6; 

135.451 ,C7;209.049,C8;47.555,Cg: 

30.0Y5,C10;133.787,C11;20.623,C12; 

21.989,Cl3;l6.626,Cl4;13.948,Cl5. 

P W :  7.12,d(J12Hz),6-H;7.02,5,9-H; 

5.~4,dd(~12&3H~),7-H;3.2O,br.q(J7H~ 

4-~;2.8Y,m,Z-H;2,27,m,3-H;2.27,s,14 

:H ;1 58,m,3-H;1.26,d(J7Hz),15-CH3. 3 '  

CMR: ld6.463,s.C8;150.461,s,148.0BS 
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7 

'LANT 
;OUR[€ 

i c e  

~ 

N M R  SHIFTS (ppml 

,146.063,s;140.263,d;139.j37,d; 

33.866,d;44.281,d,Cj;35.U88,t; 

3.511,t;25.557,q;Z0.151.q. 

XR: 5.a5,dd(J10.5&13Hz),Hb;5.71,d 

J5Hz),4;4.48,dd(JlHZl,Hd;4.95,dd, 

c:4.d4,t(JSHZ),Hh;2.5U-2.69,m.He; 

.32,d,Hj;2.Zl,d(J12.5Hz),He or Hf; 

.06 ,0 ,He or Hf;1 .40 ,dd,Hp;1 .80 ,dd,  

r;1.75,m,HS;1.50-1.05,m,Hn,u,v; 

.52,s,Hk;1.32,m,Ht;l.OO,s,Hq;0.90, 

.Ha. 
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