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Abstract-The stereochemistry of the pseudoguaianolide spathulin has been determined by NMR spectrometry 
at 270 mHz. 

ALTHOUGH the gross structure of the pseudoguaianolide spathulin from Guillurdia 
aristata Pursh., G. grandijloru van Houtte, G. mexicana Gray, G. spathulata Gray and the 
Rio Grande form of G. pulchella Foug.’ has been known for a number of years, 
determination of its stereochemistry was frustrated by superposition of signals in the NMR 
spectra of spathulin and its derivatives. Attempts to use chemical shift reagents to 
overcome this difficulty met with indifferent success and efforts to prepare material 
suitable for X-ray crystallography were hampered by shortage of material. We now 
report a solution to the problem by the use of NMR spectrometry at 270 mHz which 
has led to stereochemistry 1 for spathulin. 
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Table 1 lists chemical shifts and coupling constants for all protons of the spathulin 
structure which were determined by cw and FT techniques. Identification of the H-7 
resonance was achieved by irradiating at the frequencies corresponding to H-13a and 
H-13b. Subsequent irradiation at the frequency of H-7 collapsed not only the H-13a 
and H-13b doublets, but converted the triplet at 4.50 ppm (H-8) to a doublet and the 
doublet at 5.98 ppm (H-6) to a singlet. Subsequent irradiation of H-8 collapsed a 
triplet at 4.86 ppm (H-9); irradiation at the frequency of H-9 collapsed the triplet of H-8 to 
a doublet and affected a multiplet (H-10) partially superimposed on one of the acetate 
signals. The center of this multiplet (1.88 ppm) was identified by performing an INDOR 
experiment using the methyl doublet; conversely, irradiation at 1.88 ppm collapsed the 
methyl doublet to a singlet and also the triplet of H-9 into a doublet. 

* Part XIII in the series ‘*Constituents of Gaillurdia Species.” For Part XII, see HERZ. W. and SRINIVASAN A. 
(1974) Phytochemistry 13, 1187. 
’ HERL, W.. LAKSHMIKA~THAM, M. V.. RAULAIS, D. and SCHMID, J. J. (1967) J. Ory. Chrm. 32, 1042. 
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Irradiation at the frequency of H-IO also simplified a multiplet at 2.30 ppm, which 
was therefore attributable to H-l, into a triplet. Identification of the H-2 signal was made 
possible by irradiating at the frequency of H-l: this collapsed a broadened triplet at 
3.96 ppm to a broadened doublet, the broadening being due to coupling to an -0-H 
proton whose signal was superimposed on the frequency of H-8. Likewise a broadened 
doublet at 3.57 ppm was sharpened by irradiating at the frequency corresponding to a 
second OH signal at 5.0 ppm. hence was that of H-4: irradiation at the frequencies of 
H-2 and H-4 affected two signals at 1.48 and 2.06 which were therefore those of H-3x and 
H-i/j. 

~,-AHII. 1. NMR SI'FCI‘RC,M OF SYATHL'LI\* 
_____._ ____ -- 

H-l 2~301?1 J , z = X-0, J, 1o = 10%. J, j i 0 
H-l 3%//J,$: .I z.Jr = 7.0. .I1 .,,; = 7.0 
H-37 I -3Xtlhi~ .I 3z ,,, = 14.x 
H-3/1 ?4hf?l 
H-l ?~S’,//W~ .I jT A = 3.5. ,I,,, 1 = 0 
H-h wirl ,I, - = 2.5 

[I-7 3+Iil1 J ? x = x.5 
H-X 4~50/ J q <, = Y.9 
H-9 4-X61 J I). l (, = 9.x 
H-10 I-XXm 
H-l% 6G%l J-. 13u = 3.1 
H-13b 54.%/ J- , Ih = 34 
H-1 At 1~0~~1 J, 14 i 0 
H-15:- 0~6.4 J I I’; f (’ 
Acetates- I-96. 2MJ 

____~_~___ ________ 
* Signals are glvcn in ppm. coupling constants in Hz. Multlplicitics are indicated by the 

usual symbols: d doublet: r triplet. m multiplet. hr broadened singlet. Unmarked signals 
arc aingleta. 

i- Intcnsitc three protons. 
: Broadenlng removed by irradiatmg at 1-50 ppmv? OH. 
\\ Broadening removed by irradiating at 5U.I +OH. 

Comparison of the observed coupling constants with coupling constants deduced from 
Drciding models led to the stereochemistry given in formula 1. Thus the large values for 
J,.,. J,.,, J,. , o axi J,. , c, require the rrlrns-diaxial arrangement of carbon-hydrogen bonds 
imposed by a rra/rs-fused ;q-lactone on the chair form of a pseudoguaianolide; this is in 
accordance with the generalization2 that J7,, .{ tnms 2 3 Hz 2 J; 1 .3 cis. and. if H-7 is ;! as in 
all pseudoguaianolides of authenticated stereochemistry. with the observation of a positive 
Cotton effect near 265 nm associated with the ,I.n*-transition of a rruns-fused 
~,[Gunsaturated lactonc closed to C-X”. The magnitude ofJ,,: then requires rr-orientation 
of H-6; the x-orientation of H-l and the C-10 methyl group deduced by NMR 
spectrometry is also in harmony with the absolute configuration of all other 
pseudoguaianolides from Gaill~tiiu and related species. The value of J,,2 requires 
r-orientation of the hydroxyl group at C-2: since the two hydroxyl groups have been 
shown’ to bc cis. the complete stereochemistry of spathulin is defined. 
' SAMFK. z. ( 1970) 7~fi~~~/W/W!l z!,<,llCi’.\ 6’1. Although some exccptmns to the rule hake hccn found.” it seems 

to 1x1 generally applicable to pscLldoguaianolides. 
’ HPK/. W. and \VA~U X-KG. I. (1973) J. 0,-y. C/wx 38, 24x5. 
’ S~iic-KI I\. W.. WAI)IWI I.. T. G. and GIXSS!U~. T. .A. (1970) 7i~1ruhethm 26, 2397. The exceptions to the rule 

involve compounds in which the cat-bon-oxygen bond of the lactonr function 1s allyllic.g 
’ HFK/. W.. BH.41. S. V. and H,\i I. \. L.. (1970) .J. Ovq (‘/wr,t. 35. 1110: SL \L~AR~R\M,~~. P.. bfC'tr:WF%. R. S. 

and HI R,. w ( 19711 ~~~~/i’ii/r,~iii~~ii: I.i./lC’i.\ ;,ioo 
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NMR spectra were run in DMSO-d, at 270 mHz on a Bruker HX-270 NMR spectrometer with 
tetramethylsilane as internal standard. 

CD curve (MeOH, 0.64 mg/ml). [8],,, 0; [~l~xo + 138; [%K, + 197 (max), [01260 + 138, [Ol255 39; 
[O],,, 0; [&s - 158; [0]230 - 788 (min); [O],,, - 611 (last reading). 
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