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-Ten insect attractants. a number of intemddcs in t&i synthesis and some related compounds were 
cbnractczizcd by tbcir 13C NMR spectra. The cbcmical sbifts of tbe dlylic carbon atoms allowed neat diinaion 
between E an&Z isoomm of dke& compounds. 

Recently, ‘% NMR characterization of the 4 geometrical 
isomers of 7,11-hexadec&ien-I-yl acetate (sex attractant 
pheromone of the specks Pectinophom gossypiella and 
Sitotmga cercal&~) and of a number of intermediates in 
their synthesis was reported.’ During our investigations 
concerning synthesis and applications of insect 
pheromones, 13C NMR spectroscopy was also found 
particularly helpful in determinatiug the molecular struc- 
ture of the biologicaUy active fInal products and of the 
intermediate synthons. Thus practicaUy complete 
characterization by “C NMR spectra could be achieved 
for 46 compounds, among which 10 are known to play a 
role in insect oifaction. Compound XI, also calkd “kaf 
akohol”. is a trail pheromone of Kalotennes &aicollis, 
sorbic acid derivatives (XVI-XIX) are artificial food 
location attractants’~ for wasps of the Vesprrlo family. 
Alkenols and their acetates are sex attractant 
pheromones of various kpidoptera: XXX11 for Anania 
lineat&;’ XXXV for Ttichoplusia ISI* and Pseudoplush 
in&duns, XXXVII and XXXVIII for GmpMrMu 
molesta, Gmpholitha pruniwm~ XXXVIII for Ayro- 
place le~cotteta,~ XXXIX for Paralobesia &.ana’ and 
for Eupotxilia (Clysia) ambigndla,” XL for Rhyacionia 
buoliana,‘z XLI for Cafpocapsa (Larpeyrcsia) 
pomondla”*” and XLVI for Lymanthtia dispar” and 
Lymanthria mOMChdl.‘6 compoulld XLII is an alakid 

sex attraCtant for Pectinophom gossypiella,” whereas 
XXXIII was repotted’ to be a synergist and XXXIV an 
inhibitor of the pheromone XXXVII-XXXVIII. 

The assignments of the “C NMR chemical shifts 

measured for our compounds are included in Tabks l-6. 
Siis were assigned to individual carbon atoms 
empirically, by comparing logical series of related 
compounds and using literature data as indicated in 
Tabks l-6. The terminal functions and the multiple 
bonds offered valuable clues to interpretation. Thus for 
alkanols. alkenols and their O-substituted derivatives the 
terminal function (OH, OAc or Ot-Bu) allowed un- 
equivocal identiftcation of the 6rst three carbons of the 
adjacent n-alkanc chain: C-l is found at 62.M3.2ppm In 
the alcohols, shifted slightly upfield (61.0-62.2) in the 
t-butyl ethers and slightly downfield (64.2-65.1) in the 
acetates; C-2 appears at 32.6-33.2 in the akohols. slightly 
upfield (30.4-31.0) in the t-butyl ethers and at even 
higher lkld (28.5-29.5) in the acetates: C-3 absorbs at 
26.~26.8ppm. when there are no other groups influenc- 
ing its shielding. 

The sp2-hybridized carbons of the double bonds as 
well as the sp-hybridized carbons of the triple bonds, 
although easily recognized as such by their large chem- 
ical shiits. afford signals of reduced interpretative value. 
Their unequivocal assignment is not always possibk and 
in some cases even their observation as separate signak 
can be considered a resolution test (e.8. for compounds 
XXXVII. XXXVIII or XLI). For mono-enic compounds 
the signal at higher field was assigned to the carbon 
nearer to the terminal function, according to literature 
data.=-’ The pattern of okfink signals in the spectrum 
of 8,1tW,Edodecadkrrloi (XI.& Table 5) was 
compared to that observed” for methyl3,11-ES- 

T&AC I. dhlogcnatcd alkanc.-l-01 derivatives. Assignments based upon Refs. M-XI 

8 ‘Y (ppm) of carbons in position 
Compd. I 3 5 ,I’ 

No. Fonuuh 2 4 6 r 

I HWCHzkCI 
62.3 29.4 - - 

343.0 *- - 
II CHFF ‘O” ’ -’ 

64.4 # 
43..l - - 

5.4 - 172.2 
Ju-!cnzl@-l 

29.5 4x0 - 21.0 
III CHFOO-KHMr 63.6 27.1 - 172.2 

29.8 33.5 - 21.1 
IV tCHMO-KH&Br 61.0 29.7i30.4 - 73.0 

u2 - 27.9 

V (CHMO-(CH~~-CHJ 622 le2 22*9 - 

310 * 32 ’ l t4 l ’ - VI HO-(CH&-CI 62.6 1.8 25.2 - 
32.6 32.8 .lS.l - 

VII 

VIII 

(CHxhCOXHzkCI 

(CH&CWCH&Br 

61.7 27.2 26.0 13.0 
31.0 33.2 45.2 28.0 

61.5 28.4 2x8 725 
30.9 33.3 34.1 27.9 
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Tabk 2. Alkenols and dhoic nrids. Assignments based upon Rcfs. 21-24 

Compd. b* @pm) of carbons in position 
No. Formula I 2 3 4 5 6 

IX’ Hq/ECOH 59.5 

X mn 58.5 

XI How 62.4 

XII HO_ 62.0 

XIII “dv” 179.4 

XIV ““py 173.4 

xv “y/y 180.9 

‘In D@ sohhon. against extemal TMS. 

Tabk 3. Sorbic acid dcrivativcs. hsignments bad upon Rcfs. 21-2.5 

133.0 

134.5 128.5 

31.0 13x3 

36.0 135.0 

37.9 120.3 

122.5 ISIS 

34.6 22.8 

59.5 - - 

21.0 14.5 - 

125.3 20.5 14.2 

125.0 26.1 13.8 

137.2 2x5 13.5 

41.4 27.7 22.3 

38.5 27.9 22.5 

Bt @pm) of carbons in pition 
Compd. I 3 5 I’ 

No. FOrmUh 2 4 6 2 

XVI HOL 173.4 

130.0; 131.7: 132.1 
18.0 

124.5 171.3 
131.2; 131.7 

18.0 20.8 

Compd 
No. Formuln I 2 3 IO II 12 

68.4 849 18.3 309 21.9 13.5 - - - - - - 

--m 13.7 a.2 31.0 18.6 a.8 18.6 31.0 22.2 13.7 

[- = I 
zHg 

109.0;111.0 19.2 30.8 21.8 13.5 - - - - - - 

68.5 85.0 18.6 28.9 30.0 29.2 29.5 30.0 29.7 32.3 23.0 14.2 

1oBJ;111.0 19.6 29.1 W.8 29.1 29.3 29.8 29.5 32.1 228 14.2 
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Thk 6. lsnk9I~l brcdk ud Zswth~catdccuv daintivcs. As+mnmtr based upon Refs. 18.19.1 and 32 

Compd. 
bt lpp(II) of carbons in posihs 

I 3 s 1 9 17 
NO. FlXElti 2 4 6 8 I6 I8 

b XLV’ 22.93 39.0 131.0 27.7 23.1 
27.55 28.5 n.7 32.5 14.3 

XLVI 22.8 39.0 n.6 37.3 28.2 n9 
26.9 W.6 a.2 32.2 14.2 

‘Cubonr in positim 5. IO-IS iwluded in a pltm d wr U W2,29.5.29.6 29.7 and W.9ppm. 
kbtm~ in 9csitimc 3. IO-M inch&d ia I pnem d s&mls al 29.9. Xl.2 30.3 al 306 ppm. 
‘Clrbon ia porition I0 a n.1: coboa im 9tmihm II-15 ti 29.9~. 

octadecadienoate and assigned accordingly. All these 
assignments are tentative and should be considered with 
reserve. The terminal alkynes shown in Table 4 allow 
easy assignment of their resonances; but this is not the 
case any more for their Hg salts. Vahtabk information is 
however obtained from the chemical shifts of the 
carbons in allylic (alpha) position to the multipk bonds. 
Carbons in alpha position to the triple bond are shifted 
upfkld with about I1 ppm compared to an analogous 
n-alkane chain. Geometrical (42) isomerism of alkene 
double bonds is a key feature of pheromone structure; 
the chemical shifts of the ally& carbons appear strik- 
ingly different in the two isomers and highly charac- 
teristic for the E- or Z-geometry. Thus allylic carbons in 
E-alkenes are shifted about 2-3 ppm downfIeld, whereas 
in Z-alkenes 2-3 ppm upfield with respect to the an&- 
gous saturated compound. This type of dependence of 
the allylic carbon chemical shift on the Keometry of the 
alkene double bond was invariabb observed on 
numerous olefinic compounds.‘n-W’ In fact, the end 
of the chain opposed to the oxygen function in 
compounds XXXV and respectively XXXIX aflorded a 
chemical shift pattern closely matching that repor&’ 
for 3-Z-octene, whereas compound XL gave a pattern 
similar to that of 3-E-octene. Similarly. in compounds 
XXXVII and XXXVIII the chemical shifts assigned to 
carbons 8-12 are in Kood agreement with those repor- 
tedm for 4-Z- and 4E-octene respectively. 

All compounds were syntIhz.ed in our laboratory by meti 
wbiib will be qorted hewherr. Samples used for “Cc- 
mmsurements were all found over 90% pure by GLC. The 
identity of the pberomoac sampks was che&d (by GLC and/or 
“C NMR) in mvst cases against autbcntk specimens kindly 
supplied by workers of the US Department of Agriculture. A 
Bruker WP60 FI’-NMR instrument equipped with a Il.lkG _. 
ekctmmagnet wat6MHz for ‘C) was used for all measure 
ments. CD& solutions containinn IS-3096 of samuk were filkd 
into stnndsrd IOmm sample tubes. Cbemical~ shifts were 
meuured against internal TMS ti are cons&red true within 
ti.1 ppm. The chemical shifts measured for compound XXVII, 
Table 5. accorded well (generally witbfn +0.2ppm) with those 
rrportcdaD in the literature. ahbmtgb different reference 
compounds were used. 

Acho~cnt-Thanks are cx~sed to the A. v. Humboldt 
Found&o, Boon, Bad God&e& W. Germany, for awardin a 
Bruka WP-60 FI’-NMR spectrometer to the Insthte of Cbem- 
istry. Cluj. 
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