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ABSmCT: The st~ctum of pitnmbin 1, e kokvene diterpene Possessing a new uxygmrtion pettern, WBS determined 

by the extensive WC of one- snd twodhnensionsl NMR tcchdquw. 

In the prwent cwnmmticrtion we report on the isoh’bn of pitumbim 1, a kolevene scylsl front the seeds of Cuscaria 

pirw&x P)eumcr. fts structure her been ttucidated mainly by i cunpfese set of tw~~~~si~~ m experiments inchsdiig 

the INADEQUATE5 experiment. 

The new compound - e colourltss oil - has e moleatlrr fonnulr of C34 W4& xs tecognizcd fnnn the high resolutiott 

molecular ion pexk. Its IR spectrnm pmsented churcterirtic bsnds of sstunted ester (1750 an-‘), uns~urxted esters (1710 cm*1) 

and hydroxyl(3400 cm-‘) functions. 

The f H-NMR spectmnt(C43coec13) rwe&d the oc artunce of fine methyl groups, natnety two eatetes xt 2.15 md 

f .% ppm, a fmtker singtet et 1.X ppm , one doublet (Sgp7 Hz) et l.tO ppa end ate triplet (3HH=7 Hz} xt l.m ppnr. In the 

low field pstt of the spectrum the sign& of k conjugrted diatc, a monaubstinned dcuble bond IS well as a trisubrtituted double 

bond were tecognixed. The i3C-NMR spectntm cutftmted the ebove futures utd indiated that 1 contxins also s catjugated 

arbonyf function (165.99 ppn ) and five arbonurbut double hoods gable 3). Pituntbii f is thus e t&y&c atnparnd 

Attempts to chemiaiiy modify the besic stru~tttte nndcr & vxriety of mild conditions incvitxbly led to an extenrive 

degndrtion of the nrtuml product. For instann, upat bssic tmument (Z.EJ2.4 deadienoic acid (designsted by the rbbrevirtion d 

in the following pigunr and Tebler) wss mcoveted ss the only rcac+ion produd ss identified by its ‘If snd 13C-NMR qrect&. 

We themfom i&t&d s detsiied NTHR stndy using the fith ~orentielitier of two-dimensimal experiments. 

First x homonucle~r mdtipic qtmta filtmd COSY7 experiment s$lows to identify the rarlsrly oat&d proton 

r~sonanas. A MC bond 2H-i%Z hetrsamtcIr*r COSY cxperimmt g+9 @igum 1) discriminates the metbyhme protons from the 

metbine protons and provides the protonxted substruCrore.s which ete indiated in Pigum 2 iiong with I tertixry methyl group, the 

two rcetatw and two isolated singlets st 6.66 ppm end 6.56ppm ~eitvd to two crrbons l toms at 99.15 and 96.21 ppm. whose 

chemial shifts indicate s peobsble ~iys~~~~~ by heteroetotnr. 
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The positions of the double bonds l d oxygen atoms at fragments A-F in Figure 2 were aiI tentatively deduced from 

chemical shifts considerations (*H md 13C3. see Table 1). 

Among the ralimt features one shatld ako note the presence of a terminal disubstituted double bond as indicrted by the 

observation of the two ringlets at 5.17 and 5.15 ppm coupled to a ~inglc olefuric carbat (I 15.71 ppm) md the confii&m of 

the monosubstituted double bond (as evidenced by the observation of II! isolated system of three coupled protons at 5.18.5.44 

and 6.61 ppm, the former two beiig coupled to a single carkn atan at 113.08 ppm, le latter to a carbar atom at 141.44 ppm. 

Figure 1: One-hnd JH-1% mrr&tion map of pitumbin 1 

Additional smrll couplings could be observed between a signal rt 6.56 ppm and the signals at 4.55 and 6 18 ppm in the 

COSY experimtnt.One of them is cleuiy an aJlylic coupbng. The second correspatds to a ItomoaJlyIic coupling and wilJ be 

disarssed below. 

The httNCoMCaiOns ~~~WC.CII the VubUs pf’omlted fmpentr we~v. d&d fKmI 10ng range lH-13C Upu’imUtts UhIg 

various transfer and refocussing timea. as the one represented in Figure 3 (the solid circles correspond to other connectivitics 

mveakd by 8 sqnmte experimcsr1). 

In order to avoid the many cxpcrimmts needed for obtaining aJJ the necessary long range connecrivitiu , we developed a 

phased, J-selection free uperimmt that proved to be an interesting alternative to tire usual methodology but whose demikd 

detcriptiorr is beyond the scope of the present paper ‘9 The new puke sequence is shown in Figure 4 tire basic idea was simply 

to replra alJ the fried delays of the usuaJ 2D 1H-13Ccorrelation sequence by incremented delays, transforming the associrtivc 

transfer coefficimts into UI additionnal J-modulation. The phnre cycle was &borated using the general screw-pulse’ 1 concep and 

can be chooscn as to lead to an amplitude modulation of the signals end cutrquastly to a phsse sensitive npuiment 
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Figure 2 : Protonated fragments of pitumbin 1 as dedud from the MQT COSY and the 

one-d lH-13C co&xtion map. 

Its potentialities arc exanpiified in Figun 4 correspartding to the vutical cross-section of t quaternary carbon atom at 53.48 

ppm and showing the various proton ccmncctivkies to that carbon atom. Based on the rmonabk hypothesis12 that the sizeble 

1Ong range CoUplhtgS m-t pfobbly cornspond to CoVptigS thm~gh tW0 t0 fOUr bonds, ONC WI ~8dy SCC that mtaIIm&Ii~ 

Figure 3 : Lnng range lH-13C mrreIation map of pitumbin I 
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of the ob~crvcd coupligs of that carbon atom to ihe various protons of the molecules (starred in Figure 2) simply leads to the 

closure of a six membcted ring and allows to link the two ptotcxlrted fragments C and D. 

Figure 4 : Cmus sectia, of c&on 5 in the phased, sekction free f H- WIT conctation map 

r&ted to the t H ~D-S~W%UIII and the cxxtespottding p&c squcna. 

The snme strategy established the positions of the three eater functions, taking rdvanuge of the % couplings that relate 

the catbaq4 atton atoms to the pmtcns on the oxygenated c&on tioms. It also dmxmttmted the pmsutcc of L conjugated dienc 

side chain in position 9 whir& is the only fragment compatibk with the long muge muplings seen in the low field Rgion of the 

lH and 13CJWR rpectn. 

Fiiatiy, using atf the sva&b$e infotmstifxt, the most probable atmcture appeared to be 1. 

8d 

7d 

I R=H 
2 R= CH3 

ci 
b 

However. the stmctum ptoporel nxttlting from this fit ret of expetimaru remrbxd acmewhat puufing, mrinly because 

of the urxistence of a very oxidkd “southern” part urd I rstber fngik “nor&em” put. En bi~eticxffy r&ted tutural products 

the carbon atoms ~~s~diog to the side dtain in position 9 me indeed often strongly oxidized aud ate fumd iu the fomr of 

furant. difurans or trc~ones. 
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We searched thcrcfom for addhional evidcnca and took advantage of the rclrtively large amount of natuml product 

available and turned to the INADEQUATE experiment. ThL experiment is one of the most powerful tools for the NMR 

spcdr~mpis~ in that it reveals alI the cxrbon-cutnm awllent bonds and omscqumtly the u&m rlreleton of lhe molecule. 

Despite its fantastic potentialities in the structud elucidation pmblanadu, this experimmt has found until now only 

rare applications, probably because it suffers from many drawbacks. Particularly, the inherent low sensitivity remains a major 

difliculty. A firs1 run with the natural product was not successful. probably bccxum association of the molecules due to the 

presence of a hydroxyl group, led to a faster t~~svcrse rcluuion and thus aggravated the sensitivity problem. However, after 

rcetylation of the hydroxyl group at position 2. the concentrated solutions needed for the INADEQUATE experiment proved 

much more fluid xnd the experiment fmally was succusful as seen fran Figure 5. 
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Figure 5 : Expansion of the INADEQUATE uperimcnt of pitumbii aceme 2 showing the 

conn&ons in the region fmm 650 to 175 ppm 

Several spectacular aspects of tis expcrimmt desme explicit citation : the ftirtions within the oleftic carbons : an 

cxo-mcthylcnc carbar lo a quaternary & lo a mono~ubstitutcd artm to m c&cr exemdhylene c&on : 

ClI2(116.04ppm)- C (146.78 ppm) -CH(141.62ppm)~H2(113.33ppm) 

ca&m the presence of I terminal dime entity. 

Furthermore. the link of C-13 (146.78~~) to the saturnted a&on C-12 (24.gOppm) is clady observable and amneds 

this entity IO the --CH2-CH2- part of the side chain. The six membered ring as deduced from the long-range lH-13C 

experiment is also firmly established thrargh the observation of the C-3-4X, C-4-C-S and C-S-C-10 amnectivitiu. The 

C-20-C-4 and C-19-C-5 umncctivitiu firmly establish the portions of the atitcs in the molecule. 

As expcded, the main effect of the acaylaticn concerns one proton and one ca&m : 

H-2 (4.55 ppm _ 5.65 ppm) and C-2 (63.%ppm -> 66.99 ppm) 

confirming the position of the free hydroxyl group. 
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‘The vuiwr cowpfing consum won measured didy from the 1 D specm titer their gmsr vah had been evshaml fm 
the phawd multiple quanta fdtaed experiment l3lnduerrganadinRgurc6.‘lbeylllowedtoprecLetha~ofthevrriau 

cycicr md -togetha with rdditiomtrl ID md 2D NOE-experiments- solved the p&&m of the relative r@eochemirtly of the 

diiereot chi& centers. 

The observrdon d the Nuclear Overbrurer Effecu in Figure 7 for innunce demonstrates the rtemochemirtry at C-9 and 

C-f 9 end the cis -junction of the cycles. 

The proximities and dikdnt @es m&cd by thut two types of apeSma% demcmsulte &at the B ring ado@ e boat 

conform&m as depicted in Figure 7. 

The only II yet undetermined r&a-ecchunistry (C -20) wan ucenrined by the observation of the above mentioned long 

mnge ( 5q coupling between H-20 end H-2. %is type cd bano&ylic capling necessiutr a cc&n amount of ovedrp of the 

~-orbit& of the double bond sod the 1s o&it& of the hydrogen atoms end thus demonttntes the &orientation of the act&c 

pmmn at c-20. 

In unclusian, the suucture dpitumbin deservea two canmarts : 

The presence of two oompluely different h&u from the oxidatiar level point of view vents an interesting cede as 

fsr as its biosyuthesii is cacemed. 

The presence of A pmcted unsatunted dialdehyde maker pitumbin 1 a potentid member of a growing funily of 

biologiuily important tcrpenoids having this func%iaAity such u onchidal*4(e fiih ~llea!). sncistirlfS (an inse&%le) and 

polygodial16 (an mtifcedant). The physiological rignificena? of pitumbin 1 u weti II its porsible applications remain howevEr 

to be investigated. 
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Figun 7 : A) NOB diiercnce qectmm of pitumbin 1 obtained after irradiiat of H-19. 

B) Enlargement of the t&rckd pert c4 A. c) The IH -NMR spectrum d the tune region. 

D) The spatial arrangemat of the oxmsponding prutona. 

Acknowledgrmcnfs : P.R., G.K. and CM. thank the “Minirt&re de la Rechetchc et de la Technologie” for gaterous fmancial 
support (Gmtmt CORDET). 

PLWMER wae txtmcted with m~y~~No~de in a Soxhlet apperatur to yield 108 
g of a cm& oil; extract after evawion d the sdvent 
Filtration of the crude extract over 1 kg of riliugel (Merck Kiwelgd 60, solva~tz metbylatechloride with increasing amountl of ethyl 
l cciate) provided es~ntially 2 fractians of SO 8 (fraction I) and 46 g (fraction 2) ms@vcly. Both fractiacu amtained mainly a 
mixture of lipids, but TLC analysis of fraction 2 mvuled the pruetta of an additional cunpound rhowing an UV absorption at 254 
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nm. Repcatcd ch~metography of fraction 2 followed by preparative HPLC (Jobin-Yvon Miniprep, solvent: 5% ethyl acclatc in 

mcthylcne chloride) led to the isdrtion of 13 g of pittenbii 1 as a cdourlcst oil. [ a]~= -71,6” (&. CHCl3). C34H48Clg. CU. : 
C 69.83, H 8.27; found : C 70.01, H 8.35. MISS spectnun (PI) : M’@* at m/x : 584, major fragments at m/z : 524 (M-60), m/z 
: 464 (524-60); base peak at m/r : 151 (ClOHl50+*). 

. . s : Cmpound 2 was prepared from 1 by &eatmmt with aatic anhydride I pyridine at mom temperaturn 
followed by standard wozic-up pmceduru iu 91% yield as a colourfu~ oil. [ a]D= tO,l” (=i, CHC13). C36H5@9. Calc. : 69.83, H 

8.R found: C 70.01, H 8.35. Mass spectrum (cVNH3) : M+18 = m/z 644. 

NMR 
One level of zerofilling was used in the Fl diimricm in all 20 cxpwimmts. Exapt when specified, a shifted (G!) sine bell 

rn~tjp~~ti~ was amlied in both dimmsims. 

The two dimensional multiple quantum COSY wpximmt was rccordcd with quadrature detection in both dimmsiona, in the 
phase sensitive mode. II included 512xlK expuimmu (64 scans each). 

1 

Ta~e1:‘Hmdt3CNMRd~ofIurd2* 

2 1 2 

no 13c 1H 13C 1H no 13C 1H *3C 1H 

1 30.72 2.17 29.02 18 16.10 1.10 16.01 1.13 

2 63.96 4.55 66.99 5.65 19 99.15 6.66 99.10 6.70 

3 128.69 6.18 124.13 6.26 20 96.21 6.56 96.07 6.58 

4 141.87 145.79 ld 165.99 Rx.19 

5 53.48 53.20 2d 116.01 5.70 116.28 5.70 

6 74.51 5.24 74.21 5.25 3d 147.23 6.84 147.65 6.87 

I 34.24 1.99(a) 33.86 1.99(a) 46 128.07 7.56 128.28 7.56 

1.81(p) 1.85(B) 41 146.98 6.32 147.33 6.36 

8 37.78 2.11 37.29 66 33.67 2.35 33.50 6.36 

9 38.40 38.16 m 29.35 1.59 29.01 

10 37.52 2.64 35.16 2.54 Fd 32.23 1.46 32.02 

11 29.26 1.67,1.48 27.50 - W 23.20 1.46 23.00 

12 25.07 2.28(x2) 24.80 l&l 14.36 1.03 14.32 1.04 

13 146.91 146.78 19a’ 21.93 2.15 21.77 2.29 

14 141.44 6.61 141.62 6.63 2Oa 21.27 1.96 21.25 2.17 

15 113.08 5.44.5.18 113.33 5.905.45 

16 115.71 5.15.5.17 116.04 5.80,5.18 2Oa 170.58 170.87 

17 25.89 1.16 25.58 1.17 19a 169.85 170.77 

c=o 169.98 

CH3 21.20 1.99 
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The two dimmrionxl proton-carbon chanicll shift-correlation expcrimmts were recorded in the magnitude moda 
except for the new experiment discussed in the text. They consisted of 256x1 K experiments (64 acans each). ‘Iha fort fued delay of 
tbe usual requmca was set at 3.57 ma (one bond correlation), 1OOms (Figure 3) and 72ms (solid circler in Figure 3), the 
refocussing delxys were set at haIf these vxiues.?he phare rauitivc selection free experiment consisted of 512xlK experimmu (64 
scms uch). Cosine and sine bell falters were employed in the F2 and the Fl dimmsionr rcspcctively. 256x 1K expcrimmts (400 

scans each) were needed for the ~ADEQUA~ ~peannt~ The fixed deky was ret Ndl as to emphasize the carbon-ca&xx~ coupling 
constants of 40Hx. 

The 1 D NOE difference experiments were obtained using Is ratuntion &lays; the NOBSY aperimmt (not shown) 
was recorded in the phase sensitive mode using a fucd 3OOms mi%ing time and consisted in 512xlK experiments (64 scans each). 
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