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The problem of 13C s’gnal assignments In 13C NMR spectroscopy has been very Important from the v’ew- 

point of chemrcal’ and biosynthet’2 studies of organ’c compounds from natural sources Res’dual 13C, ‘H 

spl’tt’ngs due to Indirect 13C, ‘H sp’n coupl’ngs observed ‘n a 13C NMR spectrum with ‘H single-frequency 

off-resonance decoupl’ng (SFORD)’ have been known to be useful for ass’gn’ng quaternary carbon signals 3 

However, ‘t seems necessary to accumulate more data on a var’ety of Indirect Jc H values until enough 
, 

knowledge of its magn’tudes IS available as for J 
H,H 

values 

We present here 13C signal ass’g nmenk ‘n several furanosesqu’terpenes, major components Isolated from 

L’ndera strychn’fol’a Vg 4 It also appears of pract’cal value to report that the magnitudes of ras’dual 

spl’ttings of quaternary carbon s’gnals In the furan rungs showed behav’our d’fferent from the usual type t 

This behav’our will be useful for ass’gn’ng 13C s’gnals ‘n a number of natural furan-conta’n’ng compounds. 

The natural-abundance 13C FT NMR spectra of l’ndenenol (3, I d ‘n enenyl acetate (3, the’r dihydro- 

der’vat’ves (z-3, l’nderalactone (6_), l’nderane (a, and ‘sol’nderalactone (9 In CDCI3 were measured with 

‘H no’se decoupl’ng, no’se off-resonance decoupl’ng (NORD),6 and SFORD techn’ques 

The 13C signals for compounds ,i_ through 2 were assigned using known chem’cal-shaft rules’ and by 

examining the’r SFORD spectra ‘n deta’l wcth reference to the’r ‘H NMR spectra In wh’ch ‘H s’gnal ass’gn- 

menk were known 7 The resulk are listed ‘n the TABLE The acetylat’on sh’fk observed for C-5, C-6, and 

C-7 were raspect’vely -3 6, +0 8, and -3 2 ppm from l_ to & and -3.2, +l 7, and -3 0 ppm from 4 to 2. 

These sh’fk allowed dtfferent’at’on between the C-5 and C-6 and between the C-7 and C-l 1 s’gnals The 

’ Furans are one of a few heteroarcmat’c compounds In wh’ch *Jc H IS greater than 3Jc H 5a 
I , 
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TABLE. 13C Chemical Shift (SC) Data in CDCLza 

Carbon 

No. 7” 
C-l 27.4 27.2 28.3 29.1 29.1 130.3 (2.5) 130.0 (1 .6) 143.6 
c-2 16.6 16.7 16.7 10.9 11 .o 25.8 (2.8) 23.0 (1 .8) 114.8 
c-3 23.1 23.1 26.8 24.5 24.6 26.8 (4.5) 26.6 (2.9) 123.7 
c-4 150.0 149.0 39.5 31.9 32 .O 135.1 (2.6) 61 .3 (6.2) 136.6 
c-5 68.4 64.8 71 .l 66.1 62.9 151 .7 (4.9) 65.6 (4.6) 46.8 

C-6 65.1 65.9 67.6 64.2 65.9 74.2 (4.2) 73.2 (2.7) 72.2 
c-7 120.9 117.7 121.4 121.3 118.3 115.4 (2.3) 113.7 (1 .2) 113.6 
C-8 152.5 153.7 152.9 153.1 154.3 152.8 (2.2) 153.2 (1 .l) 152.6 
c-9 38.4 38.3 39.1 40.8 40.9 40.7 (1.8) 40.4 (0.9) 34.9 
c-10 41 .3 41 .6 43.6 43.6 44.0 130.8 (4.0) 131 .6 (1 .4) 40.9 

C-l 1 120.1 119.2 119.8 120.1 119.2 122.2 (1.3) 122.2 (0.6) 119.8 

c-12 138.5 138.8 138.4 138.2 138.6 137.2 (1 .O) 137.1 (0.4) 138.6 
c-13 9.1 8.7 9.2 9.1 8.6 8.4 (0.4) 8.3 (0.2) 8.2 
c-14 18.2 18.3 20.4 19.8 20.0 15.7 (2.9) 15.8 (1 .4) 18.7 
c-15 108.0 107.9 17.7 13.6 13.9 173.4 (8.7) 171 .5 (5.0) 170.9 
CO-Cl-i, - 171.0 - 170.7 

CO-C_H, - 21.1 - 21.0 - 

a 13C NMR spectra were taken with a Varian NV-14 FT NMR spectrometer (15.087 MHz) in CDCIZ 

containing TMS as an internal reference at 35” using 8-mm tubes; errors of SC are iO.1 . FT measure- 

ment conditions are as follows: spectral width, 3923 Hz; pulse flipping angle, 16’; acquisition time, 

0.6 set; number of data points, 4820; number of transients, ca. 5,000 for noise decouplings and ca . - - 
20,000 for SFORD. 

b 
Values in parentheses are those for Eu(fod)l-induced shifts at a 0.5 molar ratio of shift reagent to 

substrate. 
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2 

H3* 
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FIGURE. 13C NMR s’gnals 
due to C-7 and C-l 1 ‘n 2 

w’th var’ous ‘H decoupllrgs. 

upfield shrfk due to ster’c y effeck’ observed for C-2 and C-6 were -5 8 

and -3 4 ppm, respect’vely, on chang’ng from 3_ to 4. 

The vanable-temperature 13C NMR spectra of 6 showed no s’gn’f’cant 

change down to -90” ‘n CD&la and up to +lOO” In CDCI,, th’s ‘mpl’es 

that the ten-membered r’ng of 6 (and probably ofa in solut’on ex’sk as 

one f’xed conformer at the temperatures as suggested earl’er by ‘H NMR 

spectroscopy *r9 The 13C signals ‘n 6 and 7 were assigned on the bases of u _ 

known chem’cal-shaft rules,’ detailed SFORD exper’menk w’th reference 

to the’r ‘H NMR spectra,*“” and Eu(fodf3-Induced shifts.” The last 

method was powerful for d’fferent’attng between the C-2 and C-3 and 

between the C-7 and C-l 1 signals as the molecular conformations for $ 

and z had already been revealed B1’o The ass’gnmenk as well as the 

Eu(fod)3-‘nduced sh’fk are also listed ‘n the TABLE 

During the present study, we found ‘n the SFORD spectra of all the 

compounds examined that the magn’tudes of res’dual spl’tt’ngs due to 

Indirect JC,H are somewhat puzzl’ng ‘n the furan ring s’gnals. Thus, we 

examined several SFORD spectra of each compound ‘rrad’ated at (Cl-l~),S’, 

H-6, H-9, H-12, and H-13 s’gnals (for example, see the FIGURE). 

Inttially, the reverse ass’gnmenk were attempted for the C-7 and C-l 1 

s’gnals closely posit’oned next to each other, s’nce 3J C 
I 

H 15 generally 

greater than ‘JC H 
, 

‘t3 However, ‘t IS known that *Jc,H values (E. 13 

Hz) are larger than 3JC,H values (2. 6 Hz) for furan r’ngs,5 and also 

that *JccH3 values are constderably larger in olef’n’c methyl groups ‘* 

By keeping these fack In m’nd, res’dual spl’ttlngs in SFORD spectra of 

furan derivat’ves become useful ‘n assign’ng furan-r’ng quaternary-carbon 

srgna IS. For example, we anrgned 13C signals of menthofuran (3 and 

3,6-dimethylJ-hydroxybenzofuran (9 Finally, the 13C srgnals of & 

were assigned as listed in the TABLE, th’s was qu’te stra’ghtforward 
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