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ABSTRACT: 13C Nuclear magnetic resonance (NMR) signals 
in several fatty compounds with allylic mono- and dihydroxy 
groups were assigned by comparing compounds with and with- 
out other functional groups (allylic hydroxy, carboxylic acid, 
respectively, methyl ester at C1). The simple 13C NMR spectra 
of hydroxylated compounds derived from symmetrical alkenes 
are particularly useful in making assignments. The compounds 
whose signals were partially assigned are 8-hydroxy-9(E)-oc- 
tadecenoic acid, 11-hydroxy-9(E)-octadecenoic acid, 8,11-di- 
hydroxy-9(E)-octadecenoic acid, 9(E)-octadecen-8-ol, and 9(E)- 
octadecene-8,11-diol. The present evaluation can be used for 
assigning signals in other fatty compounds. 
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Assignment of the 13C nuclear magnetic resonance (NMR) 
signals of fatty compounds to specific carbon atoms has been 
the subject of numerous publications (1 and references 
therein). Gunstone et al. (1,2) provided the data for all iso- 
meric octadecenoic acids. All signals in the 13C NMR spectra 
were assigned to specific carbon atoms. 

Recently, we synthesized numerous fatty compounds with 
allylic hydroxy and allylic dihydroxy [2(E-)ene-l,4-diols] 
groups (3-6). The evaluation of carbons in the methylene en- 
velope of 28-30 ppm is intricate, and the assignments of some 
nonmethylene envelope carbons (olefinic and hydroxy-bear- 
ing) were not complete. With the availability of 1,4-diols, 
synthesized from symmetrical alkenes (6), it is now possible 
to assign these signals by comparison of spectra. 

DISCUSSION 

The number of I3C NMR signals is halved in symmetrical 
straight-chain compounds, derived from symmetrical alkenes 
(6), compared to nonsymmetrical fatty compounds. Thus, the 
evaluation of their spectra is significantly simplified, and 
most signals could be readily assigned. 

Part of the chain (containing terminal methyl) in nonsym- 
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metrical compounds with carboxylic acid and methyl ester 
functionalities at C l is identical to the symmetrical alkenes 
and alkenols. Therefore, the signals that are not assignable by 
comparison with the hydroxy compounds derived from sym- 
metrical alkenes are assigned to the "nonsymmetrical" part of 
the molecule. The hydrocarbon chainlengths of some of the 
symmetrical compounds coincide with the chainlengths of the 
terminal methyl group in nonsymmetrical, olefinic, Cl-func- 
tionalized compounds. Furthermore, it is assumed that the 
functional group at C 1 does not influence any methylene car- 
bon signals beyond the allylic mono- or dihydroxy moiety. 

Assigning signals of the hydroxy-bearing and unsaturated 
carbons in the allylic dihydroxy group. The symmetrical 
2-ene-1,4-diols can be utilized in unambiguously assigning 
the 13C NMR peaks of the fatty acids and esters that contain 
these structural groups. We did not unambiguously assign the 
signals of the olefinic and hydroxy-bearing carbons in previ- 
ous work (3-5). Parra et al. (7) reported the lac NMR spec- 
trum of 7,10-dihydroxy-8(E)-octadecenoic acid (in CD3OD), 
but did not assign the signals of these carbons. 

For the present evaluation, it is most convenient to select 
the diastereomers of 6,9-dihydroxy-7(E)-nonadecenoic acid 
(5). Here, the shift differences of the carbons in question are 
most pronounced because the 2-ene-l,4-diol group is closest 
to C l of all allylic dihydroxy acids. Fatty acids and esters with 
the allylic dihydroxy group closer to C l than A7 were not ob- 
tained due to lactonization (4,5). When the functional group 
is more remote from C 1 (approaches the position of shift 
equivalence; see Ref. 4), the shift differences become small 
(often <0.1 ppm). 

In threo-6,9-dihydroxy-7(E)-nonadecenoic acid, the unsat- 
urated carbons exhibit peaks at 133.87 and 133.48 ppm. The 
signals of the olefinic carbons in the threo isomers of the sym- 
metrical 2-ene-l,4-diols are consistently in the range of 
133.82-134.09 ppm. Therefore, the downfield olefinic carbon 
in the fatty compounds, containing the allylic dihydroxy 
group is on the side of the terminal methyl group [position II 
in previous terminology (4); position I is then the side of the 
functional group at Cl]. 

The same evaluation holds for the hydroxy-bearing car- 
bons and the ct methylene carbons, where the downfield car- 
bons are also in position II. For example, in threo-6,9-dihy- 
droxy-7(E)-nonadecenoic acid, the hydroxy-bearing carbons 
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resonate at 72.31 and 71.91 ppm (6). In the threo symmetri- 
cal compounds, the signals of the hydroxy-bearing carbons 
are observed at 72.29-72.54 ppm [excluding the shorter C 8 
compounds; (6)]. 

Assigning signals of the hydroxy-bearing and a carbons 
in saturated 1,4-diols. Generally, this evaluation holds for the 
saturated 1,4-diols. The downfield signals are assigned to the 
position II carbons by comparison of the saturated symmetri- 
cal compounds (6) and saturated fatty acids, esters, and alco- 
hols (4). The previous assignment of the downfield signals to 
position II (4) is confirmed by this comparison. This assign- 
ment also holds for those made by Gunstone (1) for 7,10- 
dihydroxyoctadecanoic acid [in this compound the original, 
reverse assignment for the hydroxy-bearing carbons (8) is 
incorrect]. 

Assigning carbons within the methylene envelope: mono- 
hydroxy compounds. The methylene carbons that exhibit sig- 
nals around 29 ppm have been termed the methylene enve- 
lope by Gunstone (1). Table 1 contains shift data on methyl- 
ene envelope carbons of the 9(E)-octadecene-8,11-diols, 
9(E)-octadecen-8-ol, 8-hydroxy-9(E)-octadecenoic acid, and 
ll-hydroxy-9(E)-octadecenoic acid. A comparison of the 
methylene envelope shift values of these compounds leads to 
the evaluations given in Table 1. The key to the assignments 
is the observation that the two symmetrical octadecenediols 
only possess position II methylene carbons because of the 
molecular symmetry and the methyl terminus. With this key, 
the signals were assigned to carbons in either position I or po- 
sition II. For two carbon signals of 8-hydroxy-9(E)-octade- 
cenoic acid, an unambiguous assignment of the signals to spe- 
cific carbons of positions I or II is not possible. Note that, be- 

TABLE 1 
Partial Assignment of Methylene Envelope Carbons 
in Fatty Compounds with Allylic Hydroxy Groups 
Compound Signals a 

m-9(E)-Octadecene-8,11 -diol b 
t-9(E)-Octadecene-8,11 -diol b 

29.49 29.23 c 
29.46 29.24 c 

9(E)-Octadecen-8-ol d 29.50 29.44 
I II 

8-OH-9(E)-octadecenoic acid 29.44 29.28 
II II 

11-OH-9(E)-octadecenoic acid 29.52 29.27 
II II 

29.27 e 29.27 29.16 
I II II 

29.18 29.14 28.99 
1/11 f 1/11 I 

29.06 28.98 28.83 
I I I 

~Values for the signals taken from Reference 6 and the supplemental publi- 
cation to Reference 4. The assignments are indicated by "1" or "11," referring 
to the side of the functional group the signal is assigned to [see text for ex- 
planation of I and II. Despite the differences in C~ (methyl or acid), the des- 
ignations of I or II do not change]. 
bm and t are abbreviations for meso and threo, respectively. 
CThese signals are assigned to the carbon atom pairs 4, 15, and 5, 14. 
~ hydroxy-bearing side of this compound is considered position I despite 
the lack of a functional group at C 1 (see text). 
eThe signal at 29.27 ppm is caused by two carbon atoms (see Ref. 6) and 
therefore is attributed to one position I and one position II carbon. 
fl or II. 

cause there is no functional group a t  C 1 in 9(E)-octadecen- 
8-ol, the hydroxy-bearing side of the double bond is consid- 
ered position I here. 

Another example where methylene envelope carbons can 
be assigned to a double bond side is 10-hydroxy-1 l(E)-oc- 
tadecenoic acid, which exhibits signals at 29.42, 29.32, 29.26, 
29.14, and 29.00 ppm (supplementary publication to Ref. 4). 
Here a comparison with 7(E)-tetradecen-6-ol, which displays 
signals at 29.10 and 28.77 ppm (6), is helpful. Because the di- 
astereomers of 7(E)-tetradecene-6,9-diol do not exhibit meth- 
ylene envelope carbons, the two previously mentioned sig- 
nals of 7(E)-tetradecen-6-ol are assigned to the nonhydroxy- 
lated side of the double bond. The nonhydroxylated side of 
7(E)-tetradecen-6-ol corresponds to the position II side of 10- 
hydroxy-11 (E)-octadecenoic acid. Therefore, the signals at 
29.14 and 29.00 in 10-hydroxy-11 (E)-octadecenoic acid, their 
shifts being closest to those in 7(E)-tetradecen-6-ol, are likely 
in position II. Similarly, two methylene carbons at 28.98 and 
28.80 ppm in 8-hydroxy-9(E)-octadecenoic acid (supplemen- 
tary publication to Ref. 4) are assigned to position II, and the 
signal at 29.12 ppm is likely in position I. 

Besides these assignments, a comparison of the 13C NMR 
of allylic monohydroxy compounds derived from symmetri- 
cal alkenes (6) shows that for split signals of terminal methyl 
carbons and penultimate carbons, the carbons on the side of 
the hydroxy group are assigned to the upfield signal. 

Assigning carbons within the methylene envelope: dihy- 
droxy compounds. The 13C NMR spectra of the diastereomers 
of 8,11-dihydroxy-9(E)-octadecene exhibit two peaks within 
the methylene envelope, 29.49 and 29.23 ppm for meso (meso 
corresponds to erythro in nonsymmetrical compounds) and 
29.46 and 29.24 ppm for threo (see Table 1). The 13C NMR 
spectra of erythro- and threo-8,11-dihydroxy-9(E)-octade- 
cenoic acid contains four signals (one carbon each) in the 
methylene envelope (supplemental publication for Ref. 4). 
These are 29.50, 29.25, 28.97, and 28.89 ppm for the erythro 
diastereomer and 29.35, 29.12, 28.90, and 28.77 ppm for the 
threo congener. A comparison of the spectra of the diastere- 
omers of 8,11-dihydroxy-9(E)-octadecenoic acid with the 
simple spectra of the symmetrical compounds therefore as- 
signs the signals >29 ppm to methylene carbons on the termi- 
nal methyl side of the molecule and signals <29 ppm to meth- 
ylene carbons between C 1 and the allylic dihydroxy group. 
As for monohydroxy compounds, further assignments to the 
specific carbons (besides position I or II) are not possible with 
this evaluation. 

The present assignments and a comparison of shifts with 
those of unsubstituted octadecenoic compounds (2) confirm 
the validity of the assumption made earlier in this discussion 
that the functional group at C 1 has little or no influence on 
methylene carbon signals beyond the allylic mono- or dihy- 
droxy group. 

In conclusion, the simple 13C NMR spectra of allylic 
mono- and dihydroxy compounds derived from symmetrical 
alkenes can be used to assign signals in the 13C NMR spectra 
of fatty acids and esters that contain allylic mono- and dihy- 
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droxy groups. The method is based on the observation that 
parts of  the symmetrical alkene-derived molecules are identi- 
cal to parts of  the fatty acid-derived compounds. This method 
also confirms some previous assignments. 
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