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Abstract

Two random reduction procedures (B#H,/H,O, and NH:NH,/O,) were compared and conditions optimized for the reduction of two
synthetic pheromone compoundZ(®1E)-9,11-tetradecadienyl acetate and,(PF)-9,12-tetradecadienyl acetate on a g@0scale at 60C.
The relative amounts of the four products (completely reduced acetate, unreacted diene acetate and two monoene acetates), characterized k
gas chromatography (GC) from the reaction mixture, depended on the reaction conditions. The reduction was straightforward without any
detectable undesired side products. The reaction yields were reproducible with both the reducing reagents. The optimized reduction conditions
thus established were utilized to reduce seven synthetic compounds (four diene and three triene acetates) on a migx) sceddl (Rses,
expected compounds were identified by GC-MS. After reduction, two methods were used to locate the position of double bonds in the
partially reduced compounds. In the first method, the products from the above seven compounds were isolated by extraction with hexane and
reacted with dimethyl disulfide to give the DMDS adducts. In the second method (“one-pot”), the reduced compounds were not isolated but
instead, the solvents were evaporated and the DMDS derivatives formed. In both cases, determination of the position of the double bonds was
possible by GC-MS analyses. The complete procedure (reduction and DMDS derivative formation) could be carried out on a 100 ng scale.
Although neither of the partial reduction methods offered significant advantages over the other, partial reduction,Wit/NkD, was
more convenient and hence should be the method of choice, together with DMDS derivative formation to locate double bonds in pheromones.
In addition, a new procedure is described usinggND,/H,0, and DMDS derivative formation capable of distinguishing between the double
bond positions inZ)-9-tetradecenyl acetate andZ(22E)-9,12-tetradecadienyl acetate (1:1 mixture).
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction One of the best methods available entails the addition

of dimethyl disulfide (DMDS) to the double bond fol-
Location of double bonds in long-chain unsaturated or- lowed by electron-impact mass spectrometry of adducts.

ganic compounds is a classical problem, particularly chal- This method has been used extensively for locating dou-

lenging when the compounds are available only in nanogramble bonds in alkenelg,8], acetate$9], fatty acids[10-12]

guantities and as complex mixtures. Pheromone chemistsacids[13], aldehydes and alcohol44], ketoneg[15], ter-

are often confronted with this problem. The methods avail- peneq16] and some complex carbohydrate derivatijdeg.

able for double bond location have been reporfted6]. However, the application of this method to polyunsaturated
compounds is not straightforwarfd8-21] except when

— o ~ the double bonds are separated by several methylene units
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followed by DMDS derivative formation and examinationby 2.2. Instrumentation
GC-MS. Such strategy was used to examine polyunsaturated
fatty acid methyl esters using milligram quantities. However, = GC analyses were performed using a Hewlett-Packard
most pheromone mixtures are available only in nhanogram (HP) 5890 gas chromatograph with FID detection and an
amounts. integrator. Analyses of the reduced products were carried
We have applied the combined procedure (partial reduc- out on a fused silica capillary column (J&W Scientific,
tion with NHoNH2/H202 and DMDS derivative formation) 30 mx 0.22 mm, 0.2%.m film thickness) coated with Car-
to determine the complete structure of the major constituent bowax stationary phase. The GC oven was programmed from
(a triene acetate) of the sex pheromoneSafrobipalpu- 60°C (4 min hold) to 220C at 4°C/min with the injector
loides absolutgLepidoptera: Gelechiidae) on a 100 ng scale and detector at 250 and 260, respectively. GC-MS analy-
[25-27] ses were performed using a Hewlett-Packard (HP) 5890 gas
Aiming to improve the partial reduction/DMDS proce- chromatograph coupled to a 5970 Mass Selective Detector or
dure and obtain more information on the partial reduc- a Finnigan ion trap detector (ITD 800). Both the mass spec-
tion methods, we have compared the NHH>/H2O2 with trometers were scanned framiz 30 to 500 and operated in
NH2NH2/O, [28,29] (a method used in organic synthesis the electron impact mode (70 eV). For GC-MS analyses of
but not applied to pheromone chemistry). Two synthetic DMDS derivatives, the 30 m 0.22 mm fused silica capillary
pheromone compounds4{41E)-9,11-tetradecadienyl ace- column coated with DB-5 stationary phase was used. The GC
tate [(%Z,11E)-9,11-TDDA] and (Z,12E)-9,12-tetrade- oven was programmed from 6CQ (3 min hold) to 280C at
cadienyl acetate [@12E)-9,12-TDDA] were used as 6°C/min (20 min hold) with the injector and transfer line at
models. Later the two partial reduction methods were ap- 250 and 280C, respectively. Helium was used as the carrier
plied to reduce a total of seven synthetic diene and triene ac-gas for all analyses.
etates. The partially reduced compounds were reacted with
CH3-S-S—-CH/I, to form the DMDS derivatives to locate 2.3. Partial reduction and DMDS derivative formation
the double bond positions from their mass spectra. Also, we
have described a new “one-pot” procedure where the cus- Two partial reduction methods (NMIH2/H>0, and
tomary extraction and isolation of monoenes by solvent ex- NH2NH2/O2) were evaluated initially on a macro scale
traction is not needed before the derivatization by DMDS. (300p.g) at 60°C using two synthetic pheromone compounds
In addition, a new procedure is described usingoND2/ (92,11E)-9,11-TDDA and (¥2,12E)-9,12-TDDA, as model
H>0, and DMDS derivative formation capable of distin- compounds. After optimization of the reaction conditions,
guishing between the double bonds if)-9-tetradecenyl  the methodologies were applied for partial reduction of seven
acetate and @12F)-9,12-tetradecadienyl acetate (1:1 syntheticcompounds[@11E)-9,11-TDDA, (%,12E)-9,12-
mixture). TDDA, (9E,127)-9,12-TDDA, (¥,1372)-3,13-ODDA, (&,
82,117)-3,8,11-TDTA, (%£,72,102)-4,7,10-TDTA and (Z,
87,117)-5,8,11-TDTA] on a micro scale (bg). After partial

2. Materials and methods reduction, two methods were used to determine the positions
of the remaining double bonds in the monoene acetates. In
2.1. Reagents the first method, the reduced products were isolated by ex-

traction with hexane and reacted with dimethyl disulfide. In
Hydrazine hydrate (99%, Mallinckrodt Chemical Co., the second method (“one-pot method”), the reduced products
Pittsburgh, PA), hydrogen peroxide (Fisher Chemical were notisolated butinstead the solvents were evaporated and
Co., Fair Lawn, NJ) 30% (v/v in water), NIDD> (99%, the residue reacted with dimethyl disulfide. In both cases, the

MSD lIsotopes, Canada)Z)-9-tetradecenyl acetateZ)-9- DMDS adducts were analyzed by GC-MS to locate the po-
TDA], (E)-11-tetradecenyl acetateH)-11-TDA], (E)-12- sition of the double bonds.
tetradecenyl acetate H)-12-TDA], (9Z,11E)-9,11-TDDA, In order to optimize the reaction conditions, the two model

(92,12E)-9,12-TDDA, (%,122)-9,12-tetradecadienyl ac- compounds were reacted with four concentrations each of
etate [(¥,122)-9,12-TDDA] and (¥,137)-3,13-octadecadi-  NH2>NH» (4, 10, 15 and 20% in methanol) ancd®b (2,

enyl acetate [(8,132)-3,13-ODDA] and dimethyl disulfide 4, 8 and 15% in methanol) using four reaction times (1,
(Aldrich Chemical Co., Milwaukee, WI) were purchased 2, 3 and 4h) at 60C. Only one factor was varied at a
from commercial sources. Dr. S. Voerman, Research Insti- time. Initially, only the NHNH> concentration was varied.
tute for Plant Protection, The Netherlands, kindly donated The relative % of the four products (unreacted diene ac-
the twenty-three tetradecenyl acetate standardg,8Z3 etate, completely reduced diene acetate and two monoene
117)-3,8,11-tetradecatrienyl [(382,117)-3,8,11-TDTA], acetates) was determined by GC, by dividing the area of
(42,72,102)-4,7,10-tetradecatrienyl acetate 4(4Z,102)-4, each peak by the sum of the four peaks and multiplying
7,10-TDTA] and (%£,87,117)-5,8,11-tetradecatrienyl acetate by 100. After determining the optimum NMNH, concentra-
[(52,82,112)-5,8,11-TDTA] were synthesized or available tion, the optimum HO» concentration and the best reaction
in our laboratory{26]. times were similarly determined. In all cases, the optimum
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results were those in which the four compounds were t; with those of standards as well as from their mass spectra
produced. [25-27]

For the NBbNH2/O2 method, the optimum NpNH> con-
centration already obtained with the MNH»/H,O, method 2.3.4. Method 4: “one-pot” micro-scale random

was used along with 30mg of CugBGH,0 in 3ml of reduction of diene and triene acetates with
methanol. Two oxygen flow rates (0.07 and 0.1 ml/min) were NH2NH2/H20, and NHNH,/O, followed by DMDS
evaluated to obtain the optimum response. derivatization (without isolation of reduced products)
The following five methods were used in this study. These reactions and product identification were conducted
as described in Sectidh3.3with 5 g of the synthetic di-
2.3.1. Method 1: macro-scale partial reduction with ene and triene acetates, except that after partial reduction,
NH>NH2/H202 about 10% of the total was separated for GC and GC-MS

Both (92,11E)-9,11-TDDA and (Z,12E)-9,12-TDDA analyses. The rest of the solution was evaporated unger N
(300ng) were mixed separately with the internal stan- and derivatized with CEtS—S—CH, as described in Section
dard decyl acetate (DA) (60g), and with 3ml each of 2.3.3
NH2NH> (10% in methanol) and D> (4% in methanol) For the sake of convenience, reactions were performed on
in a test tube. The capped test tube was heated 8@€60 a 5ug scale but random reduction/DMDS could be carried
for 2h. After cooling to room temperature, the reaction out successfully even with 100 ng.
was quenched with 1 ml of HCI (30% in water) and ex-
tracted two hexane portions (1 ml each). The combined or- 2.3.5. Method 5: micro-scale partial reduction of 1:1
ganic extract was washed with water (1 ml), dried over an- mixture of (92,12E)-9,12-TDDA and (Z)-9-TDA with
hydrous MgSQ, evaporated to dryness undep,Nedis- ND2;ND,/H20, and isolation of the reduced compounds
solved in 30Qul of hexane and .l was analyzed by GC  followed by DMDS derivatization
or GC-MS. Peaks were identified by comparing their reten-  The reaction was conducted as described in Seétidi
tion times () with those of standards as well as from their using ND>)ND2/H20, in CH30D instead of NHNH2/H20,

mass spectra. and a5 hreactiontime. The DMDS derivative was prepared as
described in Sectio.3.3 The two deuterated monoene ac-

2.3.2. Method 2: macro-scale partial reduction with etates 7)-9-[12,132H,]-TDA and (E)-12-[9,10%H,]-TDA

NH>NH,/O2 and their corresponding DMDS derivatives were identified

The reduction and identification were carried out as de- by GC-MS by comparing their mass spectra with those of
scribed in Sectior2.3.1 except that HO, was replaced by  the corresponding non-deuterated acetates. In the case of the
3 ml of methanol containing 30 mg of Cug®BH,0 and a deuterated monoene acetates, the major diagnostic ion uti-
gentle stream of oxygen was passed through the solution at dized was atr/z 196 (M*—CHz COOH), while for the DMDS
rate of approximately 0.07 ml/min via a fused-silica capillary derivatives the major diagnostic ion used was the molecular

(10cmx 0.22 mm). ion at m/z 350. The corresponding diagnostic ions for the

non-deuterated monoene acetates and the DMDS derivatives
2.3.3. Method 3: micro-scale partial reduction of diene were atnV/z 194 and 348, respectively. No attempt was made
and triene acetates with NiNH/H202, NHaNH2/O, to determine the % deuterium incorporation.

and isolation of the reduced compounds followed by
DMDS derivatization

Partial reduction was carried out as described above 3. Statistical analysis
in Sections2.3.1 and 2.3.2except Sug of the four di-

ene acetates [PQ11F)-9,11-TDDA, (%,12E)-9,12-TDDA, The Microsoft Excel program was used to calculate the
(9E,127)-9,12-TDDA and (&,137)-3,13-ODDA] and three  averages and standard deviations of the percentages of the
triene acetates [B827,112)-3,8,11-TDTA, (4,7Z,102)- reduction products.

4,7,10-TDTA and (%,87,117)-5,8,11-TDTA] and 15Q.l

each of NBNH2 (10% in methanol) and $0O2 (4% in

methanol) or 15@Q. of NH2NH, (10% in methanol) con- 4. Results and discussion

taining 3mg CuS@5H,0 and a gentle stream of oxygen.

Reaction was quenched with1@0of HCI (30% in water) Direct reaction ofS. absolutapheromone extract with
and the partially reduced products extracted twice with b0  dimethyl disulfide led to the identification of the DMDS
hexane portions and analyzed by GC or GC-M&.lj1To derivatives of [(¥,82,112)-3,8,11-TDTA] and (&,82)-3,8-

the remaining solution were added &+$—-S—CH (20pul) tetradecadienyl acetaf®1]. However, this procedure for
and b in ether (2Qul) and left overnight. Excess iodine was direct identification of double bonds in triene acetates
reduced with NgS;03, extracted with two 2@.I hexane por- did not work well in our hands. The three pure individ-

tions and lul was analyzed by GC-MS. Peaks after reduc- ual triene acetates E38Z,112)-3,8,11-TDTA, (%,7Z,102)-
tion and thiomethylation were identified by comparing their 4,7,10-TDTA and (%,8Z,112)-5,8,11-TDTA on reaction
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with dimethyl disulfide produced several peaks on GC-MS
analysis. The mass spectra were difficult to interpret. Sev-
eral reaction conditions were evaluated without success.
On the other hand, DMDS derivatives of compounds with
one double bond give very characteristic mass spectra
[7-17,25-27]easy to interpret. Hence, the strategy to locate
double bonds in diene and triene acetates by partial reduc-
tion to produce compounds with one double bond followed
by DMDS derivative[25—-27] was further evaluated in this
study.

To carry out the proposed strategy of partial reduction ef-
ficiently, followed by DMDS derivatization to locate double
bond positions in resulting monoenes, the reaction conditions
for the partial reduction step must be optimized to yield high
amounts of monoenes. Ideally, a diene (or triene) should
be converted entirely into the two (or three) corresponding 4
monoenes. However, this was not possible with either re-
duction method studied but instead a mixture was obtained,

Detector Response

—_

containing the two (or three) desired monoenes, some HL

completely reduced product and some unreacted starting

material. ; . . .
Several concentrations of NNH>, H2O, and G (differ- 0 10 2;[“1 040

ent flow rates) and different reaction times were evaluated to
optimize the partial reduction of ®11E)-9,11-TDDA and Fig. 1. Typical gas chromatogram obtained on analysis of products ob-
(92,12E)-9,12-TDDA. The relative proportions of the prod- tained by reacting @211E)-9,11-tetradecadienyl acetate Z(31E)-TDDA]

ucts obtained is presentedTabIe 1[(92 lZE)-9 12-TDDA with NH2NH2/H0, for 2h at 60°C (30 mx 0.22 mm fused silica capil-
data not presente d] ' ' lary column coated with Carbowax stationary phase); GC temperature pro-

i h . gramming: 60 C for 4 min, 4°C/min to 220°C; injector and detector, tem-
Fig. 1 depicts a sectloq of the reconStrUCFed gas chro- peratures 250 and 26@, respectively). Numbers 1, 2, 3, 4 and 5 in the
matogram (Carbowax stationary phase) obtained on analy-chromatogram represent peaks of decyl acetate (DA) (internal standard),

sis of products from the reaction betweerZ (®1F)-9,11- tetradecyl acetate (TDA)ZJ-11-TDA, (E)-11-TDA and (Z,11E)-TDDA,

TDDA and NH;NH,/H,0, for 2h at 60°C. The reaction ~ espectively.

yields were reproducibleT@ble ). As it can be seen, the

chromatogram contained five expected peaks, which were esof the starting diene. Although the degree of isomeriza-

sentially base line resolved. Peak 1 was the internal standardion increased gradually as the reaction time increased,

while peaks 2, 3, 4 and 5 were identified as TA (tetradecyl the expected reduced products were always the major

acetate)Z)-9-TDA, (E)-11-TDA and unreacted B 11E)-9, compounds.

11-TDDA, respectively. TA was obtained from complete re- The relative rate of reduction of tieandZ double bonds

duction of (%,11E)-9,11-TDDA) while ¢)-9-TDA and E)- depended on the diene acetate used in this study. As expected,

11-TDA from the partial reduction of @11E)-9,11-TDDA. the conjugated compound Z91E)-9,11-TDDA reacted
The NH:NH»/O> method produced the same four com- slower than the non-conjugated compound,{2F)-9,12-

pounds along with small amounts of isomerized products TDDA (data not shown) with both the reducing reagents

Table 1
Relative % of productsobtained on random reduction off9 1E)-9,11-tetradecadienyl acetate Z(21F)-9,11-TDDA] with NH2NH»/H,0, (method 1) and
NH2NH2/O; (method 2), along with the ratio of monoenes

Reaction time (h) Random reduction  Relative % of [@)-9-TDAY/

method [(E)-11-TDA]
Tetradecyl acetate Z§-9-TDA (E)-11-TDA (92, 11E)-9,11-TDDA

1 1 9.0+ 0.5 215+ 1.0 9.2+ 0.2 60.5+1.3 2.34

1 2 26+ 0.2 11.7+ 0.3 7.2+ 05 78.4+0.7 1.62

2 1 175+ 0.5 245+ 0.5 10.9+ 0.2 47.0£0.16 2.26

2 2 8.0+ 1.9 18.00+ 1.2 10.6+ 1.2 63.4+-4.3 1.70

3 1 27.7+ 0.6 26.2+ 0.1 10.4+ 0.37 36.1+0.2 251

3 2 11.9+ 0.4 18.0+ 0.2 11.5+ 0.7 58.6+0.6 1.56

4 1 33.7+ 1.7 26.4+ 0.7 10.2+ 0.3 29.9+0.9 2.59

4 2 13.6+ 0.5 222+ 0.3 12.8+ 0.6 51.4+1.0 1.73

a Average of three determinatiossstandard deviation.



G.N. Jham et al. / J. Chromatogr. A 1077 (2005) 57-67 61

(Table 1. The Z/E ratio varied slightly from 2.26 to 2.59 1007
with NHoNH2/H20,. With NH2NH»/Oo, the Z/E ratio also g
varied slightly from 1.56 to 1.73. The results of multiple i 2
studies on random reduction of different types of compounds
with diimide have been compilef@9] and it was reported
that theE double bond reacted faster than tAedouble
bond.

4
3
6
After the methods were optimized with NNH2/H202 i 5 7

and NHNH»/O,, they were applied to partially reduce the 8
four diene acetates [911E)-9,11-TDDA, (¥,12E)-9,12- 1
TDDA, (9E,122)-9,12-TDDA and (&,137)-3,13-ODDA] ] M lk
and the three triene acetates H(8Z,112)-3,8,11-TDTA, B P Y S e

(42,72,102)-4,7,10-TDTA and (%,82,112)-5,8,11-TDTA]. 0
In the case of the diene acetates, four compounds (com- 34 Min. 40
pletely reduced starting material, two monoene acetates and

the unreacted starting material) were produced and in theFig. 2. A section of the reconstructed gas chromatograph obtained
case of triene acetate, eight compounds (completely reducedn GC-MS analysis of products obtained on partial reduction of
starting material, three monoene acetates, three diene ac{3F:82112)-3,8,11-tetradecatrienyl acetate §{8Z,117)-3,8,11-TDTA]

with NH2NH2/H20, for 2.5h at 60C on a fused silica capillary column

etates and unreacted starting matenal) - The reactions Werecoated with the Carbowax stationary phase. Peaks 1, 2, 3, 4 and 8 are tetrade-

straightforward and consisted of expected compounds only ¢y| acetate, f)-3-tetradecenyl acetatez)¢8-tetradecenyl acetatez)¢11-

(Figs.1and 2 tetradecenyl acetate and§82,117)-3,8,11-TDTA, respectively. Peaks 5, 6
The partial mass spectnafz (%)] data of allthe monoenes  and 7 are unidentified isomers of tetradecadienyl acetate.

obtained from the dienes and trienes after reduction are pre-

sented inTable 2 The mass spectra were typical of linear addition, the mass spectra were characterized by ions at in-

long chain acetates with the base peaké@t43 (CH;CO") tervals of 14 units. In these cluster, ions corresponding to

in most cases, and a moderately intense 108%) atnvz194 CnH2n—1 and GHo, were more intense than the,\on+1

(M*-CH3COOH) with no molecular ions being recorded. In ions. Although the acetates of a given series presented similar

Detector Response

Table 2
Partial mass spectral datak (%)] of the monoene acetates obtained on partial reduction of dametriene acetat&swith NH,NH,/H,20, for 2.5 h

Compound M-60 m'z (%)

41 43 54 55 67 68 81 82 95 96
(2)-9-TDA? 194 (6.3) 726 100 42.0 e} 50.0 28.9 45.9 45.4 255 30.0
(E)-11-TDA2 194 (5.8) 986 100 47.0 67 476 29.0 49.7 535 29.8 26.4
(2)-9-TDAP 194 (5.8) 750 100 432 sz 51.0 25.0 472 53.1 25.9 28.0
(E)-12-TDAP 194 (6.4) 64.5 9% 530 100 413 70.2 33.7 454 22.7 29.4
(E)-9-TDAC 194 (7.3) 704 100 38.0 B 54.4 28.9 49.7 49.7 29.8 34.8
(2)-12-TDAC 194 (6.2) 68.4 100 345 a8 39.9 66.3 322 445 20.8 213
(E)-3-ODAY 250 (5.2) 379 100 63.4 39 38.0 51.6 26.3 33.0 16.0 28.9
(2)-13-ODAY 250 (6.3) 66.0 oF 490 100 452 28.0 408 51.1 278 420
(E)-3-TDA® (Fig 3A) 194 (5.9) 374 100 56.4 B 36.3 36.0 24.4 27.8 14.1 23.7
(2)-8-TDA® (Fig. 38) 194 (6.4) 720 100 455 = 55.7 29.9 485 48.0 28.7 31.2
(2)-11-TDA® (Fig. 3C) 194 (5.7) 972 100 29.7 % 50.8 60.3 36.9 56.4 243 29.2
(2)-4-TDA' 194 (8.2) 532 100 30.6 B 44.4 70.2 39.1 35.3 16.3 20.6
(2)-7-TDA! 194 (5.8) 636 100 39.3 56 55.4 26.3 415 42.4 26.0 29.2
(2)-10-TDA' 194 (6.4) 56.6 100 40.4 45.9 58.0 28.9 22.9 39.0 35.8 16.9
(2)-5-TDAY 194 (5.9) 559 100 432 B 50.9 347 34.0 46.2 26.2 27.2
(2)-8-TDAY 194 (5.0) 70 100 48.1 8 63.0 30.0 47.9 43.0 24.2 30.0
(2)-11-TDAY 194 (6.4) 91 100 35.1 8 442 59.0 35.1 66.0 61.0 213

*(92,11E)-9,11-tetradecadienyl acetate Z(@1F)-9,11-TDDA), (¥,12F)-9,12-tetradecadienyl acetate Z(32F)-9,12-TDDA], (%,122)-9,12-tetradecadieny!
acetate [(€,127)-9,12-TDDA], and (&,137)-3,13-octadecadienyl acetate f337)-3,13-ODDA].

* (3E,8Z,112)-3,8,11-tetradecatrienyl| [38Z,112)-3,8,11-TDTA], (&Z,7Z,102)-4,7,10-tetradecatrieny| acetateZ(4Z,102)-4,7,10-TDTA] and (Z,8Z,112)-
5,8,11-tetradecatrienyl acetate4(82,117)-5,8,11-TDTA].

Monoene acetates a, b, c, d, e, f and g were obtained from partial reductic bffp9,11-TDDA, (%,12E)-9,12-TDDA, (%,122)-9,12-TDDA, (F,132)-
3,13-ODDA, (¥,82,112)-3,8,11-TDTA, (#&,72,102)-4,7,10-TDTA and (%,82,117)-5,8,11-TDTA, respectively.
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mass spectra, the relative proportion of the ions was uniquerated acetates easily. While the “one-pot” procedure was
for each acetate. These data were very similar to our pre-more convenient than the extraction method, it did not pro-
vious reports[25—-27] Also, the mass spectra of a given vide any other significant advantage over the extraction
monoene acetate, obtained from partial reduction of two di- method.
enes were quite similar, i.e., the mass spectr&pdB(TDA The partial mass spectranfz (%)] data of all the DMDS
obtained from the partial reduction of44 1F)-9,11-TDDA derivatives of monoenes generated in this study are presented
or (92,126)-9,12-TDDA were quite similar. The % relative in Table 3 Most of the DMDS derivatives presented strong
intensities of the geometric isomers (obtained from different molecular ions besides typical fragment iong @hd B") by
compounds) was apparently different, e.g)-9-TDA/(E)- cleavage of the carbon—carbon bond between the twg¢SCH
9-TDA and )-11-TDA/(E)-11-TDA. groups, as shown below:

Thus, it can be concluded that both the partial reduc-
tion methods (NHNH2/H>02 and NHNH»/O2) worked ad- /\/OCOCH3
equately for the reduction of dienes and trienes producing —|+
all the expected monoene acetates and could be extended to SCH, scg. (B
reduce polyenes. The reducing reagentNH2/H202 was . OCOCH 3
more convenient to use than NNH»/Oo. 3

After reduction, two procedures were applied to lo- A gc +
cate the remaining double bonds in reaction mixture by s SCH,
DMDS derivative formation. The first method involved iso- )| (A%)
lation of the mixture of reduced products by extraction
with hexane, followed by DMDS derivative formation. In
the second procedure (“one-pot”) solvent was evaporated In addition, several ions typical of the DMDS deriva-
and the reduced products were treated with3z€H-S— tives of acetateg9,25-27] corresponding to CkCO',
CHa/l,. Although several undesired products (not identi- CH3COOH,* and M*-CH3SH were also recorded. Also, the
fied) were formed with both methods, it was possible to mass spectra of the DMDS derivative of a given monoene
locate the DMDS derivatives of the reduced monounsatu- acetate, obtained from partial reduction of two dienes were

Table 3
Partial mass spectral datavg (%)] of the DMDS derivatives of monoene acetates obtained on partial reduction of diedetriene acetatés with
NH2NH2/H20- for 2.5 h followed by reaction with C§8SCH/I»

DMDS derivative of m/'z (%)
M+ B* At B*-CH3COOH CH,COOH,* CHzCO"

(2)-9-TDA? 348 (16.3) 231 (39.1) 117 (39 - 61 (15.2) 43 (100)
(E)-11-TDAR 348 (20.3) 259 (41.2) 89 (39) - 61 (16.8) 43 (100)
(2)-9-TDAP 348 (20.2) 231 (33.4) 117 (4) - 61 (18.3) 43 (100)
(E)-12-TDAP 348 (27.2) 273(38.1) 75 (49) - 61 (20.3) 43 (100)
(E)-9-TDA® 348 (24.9) 231 (43.1) 117 (3p) - 61 (30.1) 43 (100)
(2)-12-TDA® 348 (36.9) 273 (56.0) 75 (33) - 61 (21.9) 43 (100)
(E)-3-ODA¢ 404 (20.8) 147 (2.9) 257 (4@) 61 (24.0) 43 (100)
(2-13-0DAd 404 (31.4) 343 (38.4) 61 (37) - 61 (20.1) 43 (100)
(E)-3-TDA® (Fig. 4A) 348 (30.3) 147 (0) 201 (78) 87(526) 61 (40.9) 43 (100)
(2)-8-TDA® (Fig. 4B) 348 (41.0) 217 (37.5) 131 (38 - 61 (58.0) 43 (100)
(2)-11-TDA® (Fig. 4C) 348 (28.6) 259 (73.2) 89 (36 - 61 (42.8) 43 (100)
(2)-4-TDAf 348 (27.3) 161 (10.0) 187 (20 101(149) 61 (24.2) 43 (100)
(2)-7-TDAf 348 (41.0) 203 (19.9) 145 (7) - 61 (12.8) 43 (100)
(2)-10-TDAf 348 (30.2) 245 (14.3) 103 (68 - 61 (15.1) 43 (100)
(2)-5-TDAY 348 (21.3) 175 (38.2) 173 (69 - 61 (13.1) 43 (100)
(2)-8-TDAY 348 (29.2) 217 (14.3) 131 (79) - 61(31.2) 43 (100)
(2)-11-TDAY 348 (30.3) 259 (31.1) 89 (40) - 61 (23.1) 43 (100)

*(92,11E)-9,11-tetradecadienyl acetateZ(@1F)-9,11-TDDA), (%,12F)-9,12-tetradecadienyl acetate Z(92F)-9,12-TDDA], (%,122)-9,12-tetradecadienyl
acetate [(€,127)-9,12-TDDA], and (¥,137)-3,13-octadecadienyl acetate{337)-3,13-ODDA].

™ (3E,8Z,112)-3,8,11-tetradecatrienyl [382,112)-3,8,11-TDTA], (&Z,7Z,102)-4,7,10-tetradecatrieny| acetateZ(#Z,102)-4,7,10-TDTA] and (Z,8Z,112)-
5,8,11-tetradecatrienyl acetate4(82,117)-5,8,11-TDTA].

Monoene acetates a, b, c, d, e, f and g were obtained from partial reductiof bffp9,11-TDDA, (%,12E)-9,12-TDDA, (%,122)-9,12-TDDA, (F,132)-
3,13-ODDA, (¥,82,112)-3,8,11-TDTA, (#£,72,102)-4,7,10-TDTA and (%,82,117)-5,8,11-TDTA, respectively followed by reaction with GEISCH/I>.
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quite similar, i.e., the mass spectra of DMDS derivativeZdf ( TA was obtained from complete reduction oE82,112)-
9-TDA obtained from the partial reduction/thiomethylation 3,8,11-TDTA while the three monoene and three diene
of (92,11E)-9,11-TDDA or (%Z,12E)-9,12-TDDA were quite acetates were obtained from partial reduction. The three
similar. monoene acetates could be separated on capillary columns
The reduction/thiomethylation procedure used to deter- coated with the non-polar stationary phase (DB-1) or on a
mine the positions of the double bonds in trienes is illustrated phase of intermediate polarity (Carbowax). The latter phase
with (3E,82,112)-3,8,11-TDTA. The triene acetate was first allowed a base line separation of the eight compounds.
randomly reduced to obtain three monoene acetates (alongrhe elution of the compounds from the GC column coated
with other compounds), which were identified by GC-MS. with Carbowax was in increasing order of polarity of the
The position of double bond in each of the three acetatescompounds, i.e., saturated compound, monoene acetates,
was further confirmed by DMDS derivative formation, which diene acetates and triene acetate.
in turn determined the positions of the double bonds in  Thus, having identified the three monoene acetates by
(3E,82,112)-3,8,11-TDTA. GC-MS, the next step was to confirm the position and
A section of the reconstructed gas chromatogram obtainedgeometry of the double bond in the three acetates by
on partial reduction of (8,82,117)-3,8,11-TDTA (100 ng) DMDS formation. The three DMDS derived from the three
with NH2NH2/H2O, for 2.5 h at 60°C is presented ifig. 2 monoenes after partial reduction were base line resolved on
Eight compounds were expected and detected. Peaks 1, 2the capillary column coated with the DB-1 stationary phase.
3, 4 and 8 were identified as TAE)-3-tetradecenyl acetate The background subtracted mass spectra of the three DMDS
[(E)-3-TDA], (2)-8-tetradecenyl acetateZ)-8-TDA] and derivatives are presentedHig. 4with the mass spectral data
(2)-11-tetradecenyl acetateZ)¢11-TDA] and (¥,82,112)- presented ifable 3 The three DMDS derivatives presented
3,8,11-TDTA, respectively (the mass spectra of the three strong molecular ions. The DMDS derivative &){3-TDA
monoene acetates are presentedrion 3). The remaining (Fig. 4A) did not present the two expected fragment ions at
three peaks, 57 were identified as isomers of tetradecadienyhvz 201 and 147 but instead exhibited the ionsrét 201
acetates. However, it was not possible to identify either the (78.6%) and 87 (52.6%). The ion @iz 87was derived from
positions of the double bonds or their geometry since the the fragment ion atw/z 147 with the loss of CECOOH

standards were not available. as shown:
(E)-3-TDA (Z)-8-TDA
1004 43
100 (43 ]
90 s 9%
i 80 ‘g-, 80 55
= 704 7 707
E 604 2 604 67
_«'-; s0d | s ; 50 81
A ] £ 404
§ o 68 = 9
E 304 82 & .)Oj
2 20 i 20
10+ 194 104 194
o1 0 1 | BN U
40 60 80 100 120 140 160 180 200 220 240 260 40 60 80 100 120 140 160 180 200 220 240 260
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90 4
£ 80 | s
= 70
‘2 1 68
Q 60_, 82
£ 504
g 40 ]
= 304 96
w R
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10 4 | | 194
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©) m/z

Fig. 3. Background subtracted mass spectra of peaks 2, 3 aRiy42 identified as [E)-3-tetradecenyl acetate (A)Z)-8-tetradecenyl acetate (B) and
(2)-11-tetradecenyl acetate (C).
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SCH;
* _ CH,SH
OCOCH;j 3
Scn ¥
m/z348(M")
N
/\/\/\/\/\| |s|CH3
A R —
SCH; m=8T =Cmcoon N Nococ;

m/z 201 (A™) m/z 147 (B")

The DMDS derivative of Z)-8-TDA exhibited the two
fragment ions ain/z 217 (37.5%) and 131 (38%}-ig. 4B).
The DMDS derivative ofZ)-11-TDA also exhibited the two
typical fragment ions abvz 259 (73.2%) and 89 (36.6%)

The above-described method worked adequately for the
four diene acetates and three triene acetates in the absence
of significant amounts of monoenes. However, most bio-
logical samples are complex mixtures, which often contain

(Fig. 4C). monoenes in addition to polyenes. Fortunately, in most cases,
100 43 w8 SCHs 217
. 10043
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201 scHy!47 ] B sen,
2 2
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Fig. 4. Background subtracted mass spectra of DMDS derivativeB)e8-{etradecenyl acetate (A)7)8-tetradecenyl acetate (B) and){11-tetradecenyl

acetate (C) obtained on partial reduction oE@&,117)-3,8,11-tetradecatrienyl acetate [(82,117)-3,8,11-TDTA] with NH;NH,/H20, for 2.5h at 60°C
followed by DMDS derivative formation.



G.N. Jham et al. / J. Chromatogr. A 1077 (2005) 57-67 65

these monoene/polyene mixtures arise from similar biosyn- and dienes are present. However, exceptions must not be
thetic pathways. Consequently, the positions of double bondsprecluded.

in the monoenes are usually identical to those in the polyenes  To validate the above method, we reduced a 1:1 mixture of
[30,31] In such cases, the monoenes produced by random re{2)-9-TDA and (%,12E)-9,12-TDDA with ND,ND2/H202
duction can be recognized even in the presence of other mofollowed by DMDS derivative formation. The compounds
noenes (produced from partial reduction of other polyenes) identified after deuteration are presentedrig. 5, with the

if ND2ND> is used instead of NfJNH». Such a distinc- following three monoene acetates being detected on GC-MS
tion would be possible only when mixtures of monoenes analysis (after reduction):Zj-9-TDA (unreacted), 4)-9-

\\V//\\//ZZZ\\V/A\\//\\V/A\\//\\OCOCH;\\4;9\\//::;\\//\\V//\\//K\N//\\OCOCH]

(Z)-9-TDA (mw 254) (97.12E)-9,12-TDDA (mw 252)

ND,ND, /H,0,

+

\/\/':\/\/\/\/\ OCOCH

3

o P S WA W W D 0COCH,

()-9-TDA (mw 254) (9Z,12E)-9,12-TDDA (mw 232)
+ +
— OCOCH;
W NN N ococH; N )
D D
D D

(Z)9-[12,13-"H,]-TDA (mw 256) )
(E)-12-[9,10-"H,]-TDA (mw 256)

+ +
OCOCH;4
OCOCH; :
\/\/I\M\/ | !
D D D
D
(9.|O}H2)—TA (mw 258) (9.10.]2.[3—2H3)—TA (mw 262)
CH;SSCH3/I,
SCH;4
OCOCH;
SCH;
DMDSderivative of (Z)-9-TDA (mw 348)
SCH; +
OCOCH; *
D SCH;
D H
s OCOCH;
DMDSderivative of(Z)—Q—[IZ.IB—ZHz]—TDA (mw 350) D
SCH, D

DMDSderivative of (E)-[9, 102 H;]-TDA (mw 350)
+ other compounds

Fig. 5. Compounds obtained on reduction of a 1:1 mixtureZpfa- TDA and (¥,12E)-9,12-TDDA (1:1) with ND:ND2/H20; in CH30D for 5h at 60°C,
extraction and DMDS derivative formation.
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Fig. 6. A section of the reconstructed gas chromatogram obtained on
GC-MS analysis of products obtained by reacting a 1:1 mixtureZpf (
9-TDA and (%,12E)-9,12-TDDA (1:1) with ND;ND2/H20 in CHzOD for

5h at 60°C, extraction and DMDS derivative formation (30r0.22 mm
fused silica capillary column coated with DB-5 stationary phase); GC tem-
perature programming: 6@ for 3 min, 6°C/min to 280°C (20 min. hold);
injector and transfer line temperatures 250 and“Z3(respectively. Peaks

1 and 2 represent the DMDS derivatives Bf-0-TDA + (2)-9-[12,132H,]-

TDA and (E)-12-[9,102H,]-TDA, respectively.

[12,132H,]-TDA and (E)-12-[9,102H,]-TDA. Peaks 1 and
2 (Fig. 6) were identified as the DMDS derivatives @){9-
TDA+(2)-9-[12,132H,]-TDA and (E)-12-[9,102H,]-TDA,
respectively.
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Fig. 7. Background subtracted mass spectra of pegk3MDS derivative

of (2)-9-TDA and @)-9-[12,132H,]-TDA} (A) and peak 2 (DMDS deriva-
tive of {(E)-12-[9,102H,]-TDA} (B) (seeFig. 6 for definition of peaks 1
and 2).

GC column Fig. 7B). It presented ions ain/z 350 (M*,
17.0%) and the two fragment ions @iz 275 (100%) and
75 (19.3%) Fig. 7B). The fragment atr/z contained the
two deuterium atoms. The corresponding ions in the non-
deuterated compound wereratz 273 and 75, respectively.

In addition, several ions typical of the DMDS derivatives of
acetate§9,25—27]corresponding toCkCO*, CH;COOH,*

The background subtracted mass spectra of the threeand M"-CH3SH were also recorded. Selective ion monitor-

DMDS derivatives are presented kig. 7 along with par-
tial mass spectral data ifable 4 The mixed mass spectrum
of the DMDS derivatives of4)-9-TDA and )-9-[12,13-
2H,]-TDA (Fig. 7A) presented the expected fragment ions
from each of the two compounds. Thus, the ionsrét
350 (M*, 12.5%) and the two fragment ions afz 231
(100%) and 119 (9.7%) were produced fror)-0-[12,13-
2H,]-TDA while the ions atrVz348 (M*, 21.6%) 231 (100%)
and 117 (20.5%) fromZ)-9-TDA. The DMDS derivative
of (E)-12-[9,102H,]-TDA eluted as a single peak from the

Table 4

ing data was consistent with above fragmentation and GC
elution.

5. Conclusions

None of the partial reduction methods evaluated in this
study could produce the monoenes predominantly. The
DMDS derivatization step after reduction was not straight-
forward since a very complex mixture was formed, limiting

Partial mass spectral datawk (%)] of the DMDS derivatives of monoene acetates obtained on partial reduction of a 1:1 mixtdje9et DA and (¥,12E)-
9,12-TDDA (1:1) with ND;ND,/H20; in CH30OD for 5 h at 60°C by reaction with CHSSCH/I»

DMDS derivative of m'z (%)

M* B* A* B*-CH3COOH CHCOOH,* CHzCO*
(2)-9-TDA? (Fig. 7A) 348 (21.6) 231 (100) 117 (28) 171 (20.5) 61 (35.2) 43(34.1)
(2)-9-[12,132H,]-TDA? (Fig. 7A) 350 (12.5) 231 (100) 119 (9.7) 171 (20.5) 61 (35.2) 43 (34.1)
(E)-12-[9,102H,]-TDA (Fig. 7B) 350 (17.0) 275 (100) 75 (18) 215 (17.4) 61 (17.0) 43 (29.5)

a Data obtained from mixed mass spectraz)f9-TDA and @)-9-[12,132H,]-TDA as the compounds could not be resolved on GC-MS analyiis ).
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the sensitivity of the combined reduction/DMDS procedure. [10] W.W. Christie, E.Y. Brechany, V.K.S. Shukla, Lipids 24 (1989)
More selective reduction methods should be investigated for ~ 116.
polyene reduction. Although none of the reduction methods (14 P- Si”be' J'ZG“eze””ec’ J. Dagaut, C. Pepe, A. Saliot, Anal. Chem.
offered a significant advantage over the othe'r, reduction with [12] g? éu?ii)lb?uri" S.H. Tan, P.J. Silk, J. Chem. Ecol. 11 (1985) 265.
NH2NH2/H20;, was more convenient hence it should be the [13] s. schulz, W. Francke, M. Bopir Biol. Chem. Hoppe-Seyler 369
method of choice together with DMDS derivative formation (1988) 633.
to locate double bonds in pheromones. Despite the limita- [14] B.A. Leonhardt, E.D. DeVilbiss, J. Chromatogr. 322 (1985) 484.
tions, the random reduction-DMDS procedure can be applied, 5] :/'Ia'\s";‘r:atja' ’\':'afgr oTjehE;4Li|;§9Pl";n2n§3|’ TH. Jones, H.M. Fales, R.T.
in principle, to any polyene (soluble in hexane or other such [16] A.B. A’ttyéa”e" G.N_'Jham’ 3. Meim'Nald, Anal. Chem. 65 (1993)
solvents) to locate the double bonds on a nanogram scale. 2528,
[17] F. Cateni, J. Zilic, G. Falsone, F. Hollan, F. Frausin, V. Scarcia, B.
Banfi, Biorg. Med. Chem. Lett. 13 (2003) 4345.
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