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The synthesis of two hexadeuterated palmitic acids differing in the position of the diagnostic labels, and
their use to decipher the cryptoregiochemistry df'ddesaturation are described. A dithiane and a triple
bond functionalities were used to introduce the diagnostic (C13 or C14) and tagging (C8 and C9) labels,
respectively, in the palmitic acid skeleton. Using these probes, the cryptoregiochemistry &f3the
desaturation involved in the biosynthesisTdfaumetopoea pityocampex pheromone was studied by
means of kinetic isotope effect determinations. Transformation of bOH1i1-hexadecenoic and 11-
hexadecynoic acids int@( Z)-11,13-hexadecadienoic arf)-(13-hexadecen-11-ynoic acids, respectively,

is initiated by abstraction of the hydrogen atom at the C13 position, followed by the fast elimination of
the C14 hydrogen to give the double bond.

Introduction Besides these plants, some lepidopteran species, including the
mothHeterocampa guttitta® and those belonging to the genus
Thaumetopoediosynthesize (Z)-11,13-hexadecadienyl or)Z
13-hexadecen-11-ynyl acetates as their sex pherofhdhe.
biosynthetic pathways involve both!! and A2 desaturations,

well as an acetylenation reaction in the case of the enyne
ructures (Figure B.

The mechanistics of both thAll desaturatioh and Al
acetylenatiohhave been investigated by use of pheromone gland
. ! ) . ; . - . metabolization studies with the properly deuterated probes. In
in essential fatty acids such as linoleic and linolenic acids, or the first case. experi . .

, experimental evidence was presented that'the

conjugated in eithercis- or trans-configuration. Within the desaturase GFhaumetopoea pityocamigd. pityocampjirans-
polyunsaturated compounds, enynes, either conjugated or not, P pity -P P

have also been reported in a few plant species, such as the

Introduction of double bonds into a saturated aliphatic chain
is an important biotransformation catalyzed by specific desatu-
rases, which are present in all eukaryotic cells. In addition to
the enzymes that act on saturated fatty acids to afford monoun-
saturated products, other desaturases that use unsaturate
substrates to give conjugated or hon-conjugated polyunsaturatecf
fatty acids do also occur in nature. The several unsaturations
can be either methylene interruptectia-configuration, as found
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Y Y [3d2lg I; X=D, Y=H m/z=276 (1a) SCHEME 1. Synthesis of Hexadeuterated Probes 1a&b
(CH2)2R 11402l 1: X=H, Y=D m/z=276 (1b) a
X x de-l: X=H, Y=H m/z=274 (1c) HO(CHy),~C=CH — > X(CHz)n=C=C-R
lAH 1 b|:2a,b:X=OH
3a,b: X=Br
Y Y 342G ||: X=D, Y=H m/z=274 m
Rg(:\R t4e2lde Il X=H, Y=D m/z=274 O ¢ & & 3zab & &
XX dell: X=H, Y=H m/z=272 A U
Rz H R; H ¢ Rz><(CH Ja—C=C-R
2/)n = 1
N\\ X 4a,b 5a,b
A3 X — r le
v —
y D. OH ¢ o]
_ 19621, 1I1; X=D, Y=H m/z=272 R?SCHZ)n_CEC_R1 RZ)SCHZ)n_CEC_F\H
— R 42y |II; X=H, Y=D m/z=272 7a,b 6a,b
Y X dg-lll: X=H, Y=H m/z=270 lg
[13d2lg..V: X=D, Y=H m/z=271 A3 D. OMs h D. D
4d2ly V: X=H, Y=D m/z=271 X _ >S
de-V: X=H, Y=H m/z=270 _ Rz YCH,),—C=C-R; Rz 1CH,),—C=C-R;
72 R 8a,b 9a,b
v , li \
131G IV: X=D, Y=H m/z=269 R; = (CH,);OMOM D D
[14d1]d5-|VE XfH, YfD m/Zf269 a: R, = CHaCH,CH3, n=3
dg-IV: X=H, Y=H m/z=268 b: R, = CH,CH3 n=4 R (CH2)n(CD2)2R¢
10a,b
R = (CHy)m(CD2)2(CH),COOCH;; ij, k1
dgl-lll and dslV-V: m=1 and n=8; d4I-V: m=2 and n=5

D_ D
FIGURE 1. Deuterated probeka—c and their consecutive desaturation

products: A% AdesaturaseA'’; At'desaturase/acetylenase. Rz (CHaJn(CD2)2(CH,)6COOH

1a,b

forms palmitic acid into Z)-11-hexadecenoic acid by removal 2 Reagents and conditions: () BULITHF/HMPA, 71%; (b) NBS/#Ph
of thepro-(R)-hydrogen atoms from both C11 and C12, whereas pyr, g79%; (c) BR.E0/1,3-propanedithiol/CKCOOH/CHC, 88-92%;
the transformation ofZ)-11-hexadecenoic acid into 11-hexa- (d) BuLiiTHF, 69-73%; (e) NBS/HO/acetone, 86%; (f) LIAIZELO, 95—
decynoic acid by thé!! acetylenase takes place by a stepwise 98%; (g) MSCIE{N/CH;Cl,, 92—-95%; (h) LIAID4/ELO, 93%; (i) Wilkinson
mechanism, in which a significant perturbation of the strong Catalyst/benzene, 97%; (j) HCI/MeOH, 90%; (k) IBXIDMSO; (NB0/
vinyl C11—H bond occurs prior to a fast elimination of the vinyl CroJH;Ofacetone, 85%.

hydrogen at C-12. The products of those reactio#3;1(-
hexadecenoic and 11-hexadecynoic acid, are then transforme
into a conjugated diene or enyne fatty acid, respectively, by a
A1 desaturation. The cryptoregiochemistry of this reaction is
reported in this paper. Likewise, the preparation of the deuterated
probesla—c (Figure 1) required for this investigation is also
described.

cs)xidation of the resulting aldehydeThis two-step sequence
gave significantly higher yields than direct oxidation of the
alcohols to the acids.

Finally, probelcused in the competition studies was prepared
by coupling of the dithianeda with Br(CH,)4C=C(CH,)s
OMOM (3c) (Scheme 2). Cleavage of the resulting dithi&ne
using the above conditions and reduction with LiAlghve the
Results and Discussion intermediate alcohdfc, which was treated with mesyl chloride
to afford the corresponding est&c. Mesyl group displacement
with LiAIH 4 gave rise to the alkyn@c. The same final reaction
sequence used for preparing compoubab allowed obtaining
the tetradeuterated pure adid.

The deuterated compounds were characterized as previously
reported for similar compounds?® Thus, thegem-dideuterated
products showed IR symmetric and asymmetric stretching bands
at frequency ranges of 2082095 and 21862195 cnr?,
respectively. On the other hand, the number and the presence
of the deuterium labels were those expected as concluded from
the analyses byH and13C NMR. The characteristitH NMR
methyne hydrogen signals for compourddl€CHOH, ca. 3.60
ppm) and8 (CHOMs, ca. 4.70 ppm) were not observed due to
the presence of deuterium in the carbinolic center. On the other
hand,**C NMR of compound¥ and8 showed the presence of
a triplet at around 70 and 83 ppm, which corresponded to the
trisubstituted carbon atoms C13/C14 of alcolibésd mesylates
8, respectively (&, 70.7 ppm; B, 72.0 ppm;8a,b, 83.0 ppm).
These signals disappeared and became a quintuplef) (6D

] ~ ] compounds9a,b—11a,b and 1a,b. In this casel3C NMR
855(;88)_ Abad, J-L.; Fabrids, G.; Camps, F.Org. Chemz2000,65, 8582 chemical shift differed betweemandb series, being shifted at
(9) Seebach, D.; Corey, E. J. Org. Chem1975,40, 231—237. lower field in the second case (C13, 28.6 ppm; C14, 31.0 ppm).

Preparation of Probes. The probes needed to investigate
the cryptoregiochemistry of th&!2 desaturation were prepared
following the conventional reactions depicted in Schenié 1.
Thus, properly functionalized alkynyldithianBsvere obtained
by coupling reaction of bromoalkynyl derivativéswith the
anion of dithiane4 generated by reaction with BuBiCleavage
of the dithiane functionality with N-bromosuccinimide (NBS)
afforded the corresponding keton@swhich were reduced to
the monodeuterated alcoha@lsith LIAID 4. Mesylation of the
hydroxyl group and nucleophilic substitution with LiAID
produced dideuterated compourfsintroduction of the four
deuterium atoms for tagging at C8 and C9 positions was
achieved by nonscrambling deuteration of the protected hexa-
decanols10 with the Wilkinson catalyst. Methoxymethane
protective group removal in acid media gave the corresponding
palmityl alcohols, which were oxidized to the final gem-
hexadeuterated palmitic aci@l$n two steps, involving oxidation
with IBX in dimethyl sulfoxide (DMSO) and final Jones
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SCHEME 2. Synthesis of Competitor 1&
S._S
48% CH3(CHz)3™ (CH)s—C=C-R; 5¢

R, = (CH,)sOMOM le
X

CH3(CHy)3

(CH,)—C=C-R, 8¢: X = OMs

(CH,)—C=C-R, 6¢
f

H X 7¢c: X=0H

BE
]h

CHa(CHy);
9¢c: X=H

y

|CH3(CHa)a(CH,)4(CD)2(CH,)sCOOH 1c |

aReagents and conditions: (d) BuLi/THF, Br(@k-C=C—
(CH2)sOMOM (3c) 73%,; (e) NBS/HO/acetone, 88%; (f) LIAIJ/ELO,
97%; (g) MSCI/E{N/CH,Cl,, 92%; (h) LIAIH4/ELO, 95%; (i) Wilkinson
catalyst/D/benzene, 97%; (j) HCI/MeOH, 89%; (k) IBX/DMSO; (1)2304/
CrOs/H,0/acetone, 85%.

The final deuterium contents of the acitisvere determined
by GC-MS analysis of their respective methyl esters and under
the optimum synthetic conditions, mean ratios gfdi, ds, ds,
and @ fatty acids were respectively 12.5, 78.4, 6.6, 2.1, and
0.4 for compoundda,b and 12.6, 78.4, 6.0, 2.2, and 0.8 for
compoundlc.

Cryptoregiochemistry Studies.As shown in Figure 1, the
cryptoregiochemstry of tha13 desaturation could be investi-
gated by determining the reaction rates of either the 11-
hexadecynoate ll{) into (Z)-13-hexadecen-11-ynoatdV}
biotransformation or that of (Z)-11-hexadecenoate (1) Zo (
Z)-11,13-hexadecadienote (V).

In the first case, the transformation of the acetylene metabo-
lites [13d2lgs-111  and [14d2lde-111, with diagnostic labels at each
oxidation site, into the corresponding enyné&¥lds-IvV and
(14dlgs- 1V was investigated. The experiments were carried out
with the saturated probds (1492ds-1) and1b (392ds-1), which
were biotransformateih situ into the acetylené'3desaturase
substrates by subsequentldesaturation and acetylenation
(Figure 1). The method of determining primary kinetic isotope
effects from data obtained in competition experiments between
each of the hexadeuterated proBédide-I and!1342lds-1) and
that without deuteriums in the diagnostic positiongIjdcould
not be followed here, since their transformation into the
corresponding enyned\) was too low to allow reliable
integrations. Furthermore, this problem was worsened by the
presence of small impurities overlapping with the natural
isotopomeric (M + 1, 269 for d-1V and 270 for ¢-1V) ions.

Abad et al.
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FIGURE 2. Formation of 11-hexadecynoidll], (Z)-13-hexadecen-
11-ynoic (IV), and Z,Z)-11,13-hexadecadienoic (V) acids frdma,b

in T. pityocampgheromone glands. The traces correspond to GC-MS
chromatograms of methanolyzed lipidic extract frdm pityocampa
pheromone glands incubated with eithar(A) or 1b (B) upon selection

of ions atm/z270 (M + 1 ion of d-IV methyl ester)m/z272 (M

+ 1 ion of d-V methyl ester), anan/z273 (M + 1 ion of d-lll
methyl ester). The total ion current chromatogram (TIC) showing the
natural intermediates (IllJV, and V methyl esters) is depicted in the
bottom of each figure. The experiments were performed as described
in the Experimental Section. Compounds are the methyl esters of 11-
hexadecynoic acidllf), (Z)-13-hexadecen-11-ynoic acidl\(), and
(Z,2)-11,13-hexadecadienoic acid)( Labeled counterparts are indi-
cated with92ld,, wheren is the number of deuterium atoms anai2]
shows the diagnostic deuterium position.

As shown in Figure 3, similar relative amounts of labelled
were formed from the three probes. Likewise, proportions
between the relative amounts of labelédIll, and IV were
similar after incubations with gl and492ds-1. These results
indicate that both gl and*492ds-1 are metabolized to labeled
IV with similar rates and, therefore, that t#é3 desaturase
activity is not sensitive to the presence of deuterium at C14 in
[14d2lgq-| . In contrast, relative amounts 6#92de-111 found after
treatment with!*3d2ds-1 were significantly higher than those
resulting from the other two probes. This result suggests that
[13d2lgs-111 is desaturated to the corresponding enyne at a lower
rate than both4%2lds-111 and d-lll. In agreement, the relative
amounts of*341ds-1V produced front3d2ds-1 were significantly
lower than those found fromud and [14d2lds-1. Collectively,
these data indicate that hydrogen abstraction at C13 bjxthe

Therefore, an alternative procedure was used, which, while notdesaturase is isotope-sensitive and, therefore, that this is the

allowing the calculation of primary kinetic isotope effects, did
allow clear deciphering, in the case of the enyne, the site of the
initial oxidation of theA®® desaturation reaction. In this method,
the amounts of every labeled intermediate-I{¢d d 6111, and
ds-IV from any &-1; ds-11, ds-1ll , and d-1V from ds-1) relative

to the respective endogenous counterparil(ct o-11l, and do-

IV) were determined by GC/MS analysis of methanolyzed lipid
extracts (Figure 2) after treatment with each individual probe
la ((*4d2lds-1), 1b ([13d2lde-1), and 1c (ds-1), and the data were
corrected for the corresponding probe incorporation.

762 J. Org. Chem.Vol. 72, No. 3, 2007

rate-determining step of the desaturation reaction (C13 is the
site of initial oxidation). Thus, in accordance with the general
trend, conversion of acetylerid into enynelV occurs by a
slow removal of the hydrogen atom nearest to the substrate
carboxy-terminal end (C13H) followed by the fast elimination

of the neighboring C14—H.

This result was confirmed when the formation of dienes
[13d1]g.-v and[*4d1lds-V from their respective alkene precursors
[13d2lgs-1] and [14d2lde-11, which were in turn producedn situ
from the saturated probd$d2ds-1 and13d2de-1, respectively,
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501m1a These results strongly suggest that dienoate production is
E:: initiated by an energetically difficult and hence isotopically
o 40 sensitive hydrogen abstraction at C13 and completed by a second
E facile and kinetically unimportant hydrogen abstraction at C14.
£ Both data indicate that enynol¥ and dienoicV acids are
8 produced via initial H-atom abstraction at C13 of an alkyne
320 and alkene substrates, respectively, and a second fast elimination
8 of hydrogens at C14 and support the hypothesis that this
710 transformation could represent a variation of the same enzyme
D @ for two different substracts. Confirmation of this hypothesis
0 awaits cloning and functional expression of this enzyme, which

d,
dv
d.V

d il

are currently ongoing in our laboratories.

[12e2ig 11
i ||
n=aid
fasig
||‘3d?’|d__|v

nsg v
AT
Naszig v

FIGURE 3. Conversion of tracer§a—cinto biosynthetic intermedi- Conclusions

ates. Data corr_espond to the meAarSD of three replicates. Labeled In summary, we have reported the preparation of novel
natural fatty acid methyl ester ratios were determined from the areas o . . . .

of the specific M + 1 ions in the GC-MS chromatograms (labeled: Fj‘?‘%tefat?d Pa'm'“c acids and th?'r use tq decipher the site of
(1302 | and 14021, 277 0392 || and 14921l 275: d,-ll, 273: initial oxidation of aA3 desaturation reaction that transforms
13d2lge ||| and4d2dg-111 , 273; d-11l , 271;1391d5-V and(4dllgs-V, 272; 11-hexadecynoic andZ)-11-hexadecenoic acids int&@)¢13-
[13dilgs- |V and!4dlds-1V, 270; di-1V, 269; natural andl, 269; Il and hexadecen-11-ynoic and (Z,2)-11,13-hexadecadienoic acids,
V, 267;1V, 265). The resulting data were corrected for the respective respectively. In agreement with other previously reported acyl
levels of incorporation of each specific probe, which were administered coA desaturase reactions, both substrates are first oxidized at
individually (probe/2(11 + 11l + IV + V): 13, 1.3+ 0.21;1b, 1.4+ the position closest to the acid functionality (C13) in the rate-
0.22; 1c, 0.8 + 0.12). Compounds are the methyl esters 2f-11- P L . S Y

hexadecenoic acidl}, 11-hexadecynoic acidll), (Z )-13-hexadecen- determining step of the reaction, which is then foIIowe_d by the
11-ynoic (IV), and (Z,Z)-11,13-hexadecadienoic acitf3. (Isotopic fast removal of the hydrogen atom located at the neighboring
labeling is indicated witt92d,, wheren is the number of deuterium  position (C14).

atoms and [xd2] shows the diagnostic deuterium position.

TABLE 1. Transformation of 1a—c into d4 and ds Experimental Section

(Z,2)-11,13-Hexadecadienoic Acids in Competitive Experiments Preparation of Deuterated Alcohols 7. The reaction was
substrates (rati®) products (ratic) KIEP accomplished according to a previously reported procetiliness,
1c/1a(1.1) 4 V/I392de V(7.4 + 1.1) 6.7+ 1.2 treatment of ketoné with LIAID 4 in Et,O, under argon atmosphere
1c/1b(1.2) d-V/11402G\/ (1.4 + 0.2) 1.24 0.1 and at room temperature, followed by the usual workup, allowed

) ) ) ] one to obtain an oily residue that was purified by flash chroma-
a Ratios betweend, andds probes in the mixture used and ratios between tography on silica gel using 80:20 hexane/MTBE to give the
ds andds (Z,2)-11,13-hexadecadienoic acids produced. For the probes, thecorresponding pure deuterated alcotibis 96—98% yields
ratio corresponds to a single determination with a-BMeOH-derivatized [ . . . )
4-?H]-17,19-Dioxaicos-8-yn-4-ol (7a)This deuterated alcohol

sample of the mixture used. For the dienes, data are meatandard . . /
deviation of four different experiment&Product KIEs were calculated using ~ Was isolated (882 mg, 98% yield) starting from 3 mmol (888 mg)

the equation: [% gproduct)/% @(product)]/[% d(substrate)/% gisubstrate)]. of the corresponding ketone. IR 3425, 2935, 2860, 2210, 1465,
1410, 1145, 1110, 1045, 940, 920 cin'H NMR 6 4.62 (s, 2H),

3.52 (t,J = 6.5 Hz, 2H), 3.36 (s, 3H), 2.18 (m, 2H), 2.14 (m, 2H),

. . . , 1.28—1.68 (19H), 0.93 (t) = 7 Hz, 3H); 3C NMR 96.3 (CH),
were investigated (Figure 3). In this case, we were able to probegg 5 (C), 79.9 (C), 70.7 (CI, J = 21 Hz), 67.8 (CH), 55.1 (CH),

the mechanism using kinetic isotope effect (KIE) measurements 39.5 (CH), 36.4 (CH), 29.6 (CH), 29.0 (CH), 28.9 (CH), 28.7
from data obtained in competitive experiments with prdbe (CHy), 26.1 (CH), 25.2 (CH), 18.8 (CH), 18.7 (CH), 18.7 (CH),
which is labeled with the tetradeuterium tag, but lacks the 14.1(CH); MS m/z300 (2, M* + 1), 298 (5, M™ — 1), 268 (90),
diagnostic dideuterium units. As shown in Figure 3, the three 250 (100), 238 (28), 232 (25), 220 (20), 194 (15), 164 (10), 150
compounds are transformed at equal rates into the respective(15), 124 (20), 109 (25); Anal. Calcd for,@H3#HOs: C, 72.19;
(2)-11-hexadecenoic acids, which are the achidldesaturation ~ H» 11.44. Found: C, 72.18; H, 11.39.

s - Preparation of Mesyl Esters 8. General Procedure These
substrates. The base methanolyzed lipidic extracts obtained afteqD roducts were prepared by the procedure described by Abad et al.

incubation of tissues with an approximately 1:1 mixturelof A solution of alcohol (2 mmol) and BNl (830L, 6 mmol) in 20

and each of the hexadeuterated subst_ralaasor 1b, “were mL of CH,Cl, was treated with CESO:CI (170 uL, 2.2 mmol),
analyzed by GC-MS under the selected ion monitoring mode. and the mixture was stirred under argon2d at room temperature.
Integration of peaks corresponding to the tetradeuterated andThen, the reaction mixture was washed withOH(2 x 20 mL),
pentadeuterated methy,(2)-11,13-hexadecadienoates formed dried, concentrated, and purified by flash chromatography on silica
from each mixture afforded the data required to determine the gel using 85:15 hexane/MTBE to give the expected products in
KIEs. As shown in Table 1, a large isotope effect was observed 95% yields.

for the carbon—hydrogen bond cleavage at C13, while the [4-°H]-17,19-Dioxaicos-8-yn-4-yl methanesulfonate (8aj685

C14—H bond breaking step was shown to be essentially Md; 95% yieltl:i.).l IR 2935, 2860, 1465, 1355, 1175, 1145, 1115,
insensitive to deuterium substitution. 1045, 910 cm®;, *H NMR 0 4.62 (s, 2H), 3.52 (1) = 6.5 Hz, 2H),
. ) 3.36 (s, 3 H), 3.01 (s, 3H), 2.20 @, = 7 Hz, 2H), 2.13 (tJ = 7
The magnitude of the obtained KIE effects correlates well Hz, 2H), 1.52—1.86 (10H), 1.28—1.52 (12H), 0.95Jt= 7 Hz,

with others previously reported in other biological modél&: 3H): 3C NMR 6 96.3 (CH), 83.0 (CD, t,J = 22.5 Hz), 81.0 (C),

(10) Behrouzian, B.; Fauconnot, L.; Daligault, F.; Nugier-Chauvin, C.; (11) Reed, D. W.; Savile, C. K.; Qiu, X.; Buist, P. H.; Covello, P. S.
Patin, H.; Buist, PEur. J. Biochem2001,268, 3545—3549. Eur. J. Biochem2002,269, 5024—5029.
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79.1 (C), 67.7 (CH), 55.0 (CH), 38.7 (CH), 36.4 (CH), 33.3 Carboxylic Acids Preparation (1). These compounds were

(CHy), 29.6 (CH), 28.9 (CH), 28.9 (CH), 28.8 (CH), 26.1 (CH), prepared by reaction of alcohol with a 0.2 M (6 equiv) solution of

24.3 (CH), 18.6 (CH), 18.4 (CH), 18.2 (CH), 13.8 (CH). IBX in DMSO at room temperature for 12 h to afford the aldehyde
Reduction of Mesylates 8. General ProcedureA solution of intermediate. After this time (4« DMSO volume) mL of HO were

the mesyl derivative8 (650 mg, 1.8 mmol) in ED (20 mL) was added, and the reaction mixture was extracted with diethyl ether/

treated with LiAID, (6 molar equiv) for 16 h at 20C. H,O was hexanes mixture (1:1), dried, and concentrated to a residue that

added dropwise to the crude reaction mixture, and the resulting as solubilized in 10 mL of acetone and then treated dropwise
white precipitate was filtered through a bed of Celite. Solvent was \ith a 1 M aqueous solution of 230y/CrOs. Chromatography on

concentrated to give a residue that, after purification by flash sjjica gel using 85:15 hexane/MTBE afforded the corresponding
chromatography on silica gel using a gradient ef10% MTBE acids1 in 85—87% yields.

in rgexa}nlz, gave the corresponding pure deuterated products-in 90 [8,8,9,9,13,1%H¢]-1-Hexadecanoic acid (1a)This product (88
QS[Z)XEH2]5-'17,19-Dioxa-8-icosyne (9a)475 mg, 93% yield). IR mg, 85%) was isolated from 98 mg (0.4 mmol) Ifa. IR 3000,
2930, 2855, 2180, 2100, 1440, 1145, 1110, 1050, 920 cH 295_?', 12915, 2850, 2180, 20_75, 1700, 1460, 1410, 1.315,_1090, 940
e e e L. 34, 110-1.38 (13, 088 (9~ 7.0 Hz, SHY'C NWR 5
m, 4H), 1. uintJ = 7.0 Hz, 2H), 1.48 (m, 4H), 1.20—1. » O = (.U Rz, oH),
Ele), ()).88 (t,J(q= 6.5 Hz, 3H);13C NI\)/IR 0 96(.3 (CHZ)), 80.3 (C), 180.6 (C), 34.1 (CH), 31.7 (CH), 29.6 (Ch), 29.5 (CH), 29.4
80.1 (C), 67.8 (CH), 55.0 (CH;), 31.5 (CH), 29.7 (CH), 29.1 (CHy), 23.4 (CH), 29.3 (CHy, 29.3_(CH_>)_,29-1 (CH), 28.6 (CD,
(CHy), 29.0 (CH), 28.9 (CH), 28.7 (CH), 28.6 (CH), 28.0 (CD, quint, J = 19.0 Hz), 28.5 (CR quint,J = 19.0 Hz), 24.7 (Ch),
quint,J = 19 Hz), 26.1 (CH), 22.5 (CH), 18.7 (CH), 18.7 (CH), 22.6 (CH), 14.1 (CH); MS m/z(methyl ester), 305 (100, M +
14.1 (CH); MS m/z285 (15, M* + 1), 253 (100), 235 (30); Anal. ~ 28), 277 (100, M" + 1); Anal. Calcd for GeHz6"HeO2: C, 73.22;
Calcd for GgH32H,0,: C, 76.00; H, 12.05. Found: C, 75.95; H, H, 12.29. Found: C, 73.13; H, 12.19.
1199. _ In Vivo Gland Culture Procedure. In these experiments, newly
Deuteration of Compounds 9.To a mixture of 426 mg (1.5  emerged virginT. pityocampafemales were briefly anesthetized
mmol) of 9 and 93 mg (0.1 mmol) of RhCI(PB)3,*? 20 mL of on ice and pheromone glands were everted and impregnated (1
degassed benzene was added under argon atmosphere to get gery 3 hx 4 times) with the DMSO solutions of the corresponding
reddish solution. The system was purged by a combination of yeoyterated probes (10 mg/mL each). Thén vivo incubation
vacuum and passing a&[Btream throughout, thenatmosphere  ,oceeded for 36 h. To obtain the methyl ester derivatives of the
was kept from a balloon, and the solution was stirred for 36 h. The ¢34 jipids for analysis, the pheromone glands were excised and
mixture was filtered through a bed of Celite and the solvent g,,.0q'in chioroform methanol (2:1) at 26 for 1 h and base
evaporatgd. Residue was purlfle_d by flash chromatography on S'l'camethanolized in 0.5 M KOH for 1 h. After this time, the organic
gel (0—3% MTBE/exane) to give produt. solution was neutralized with 1 N HCI, washed with saturated

[12,12,13,13,17,17H¢]-2,4-Dioxaicosane (10a)429 mg, 98% . .
yield). IR 2920, 2855, 2185, 2100, 1465, 1150, 1110, 1050, 920 NaHCG; solution, and extracted with hexane. Ten glands were used

cm L IH NMR 6 4.62 (s, 2H), 3.52 (t] = 6.5 Hz, 2H), 3.36 (s,  [Of €ach assay.

3H), 1.59 (quintJ = 6.5 Hz, 2H), 1.26-1.40 (20H), 0.88 (t) = Instrumental Analysis of the Biological Extracts. The GC-
7.0 Hz, 3H);13C NMR 6 96.3 (CH,), 67.8 (CH), 55.0 (CH), 31.7 MS analysis of biological extracts was performed by Chemical
(CHyp), 29.7 (CH), 29.6 (CH), 29.6 (CH), 29.4 (CH), 29.4 (CH), lonization (Cl) using methane as ionization gas. The system was

28.7 (CD, quint,J = 19 Hz), 28.6 (CB, quint,J = 19 Hz), 26.2 equipped with a nonpolar HP5-MS capillary column (30<0.25
(CHy), 22.6 (CH), 14.1 (CH); MS m/z293 (5, M* + 1), 291 mm i.d., 0.25um stationary phase thickness) using the following
(30, M — 1), 261 (100), 259 (90), 247 (25), 231 (40); Anal. Calcd program: from 120 to 180C at 5 °C/min and then 26€C at 2
for C1gH3°HeO2: C, 73.90; H, 13.10. Found: C, 73.92; H, 13.02. °C/min after an initial delay of 2 min. Analyses were carried out
Alcohol Deprotection. General ProcedureThe methoxymethane  on methanolyzed lipidic extracts from pheromone glands using the
protecting group of alcohol$1 were removed by acid treatment  equipment and conditions described above. KIEs were calculated
with a MeOH/HCI solution (1 M) for 36 h at room temperature. from the ratios of formed products from each probe, which afforded
Solvent was evaporated, and the crude product was washed withg cluster of ions, analyzed as methyl ester, and are based in the
saturated NaHC@solution, extracted with C}Cl,, dried, and abundance of the respective molecular ions in the rang@65—

purified by flash chromatography on silica gel using a gradient of 272 in which the most abundant corresponded to the molecular
0—35% MTBE in hexane, for obtaining the corresponding pure jon of the resulting isotopomers.

deuterated alcohol¥l in 83—90% vyields.

[8,8,9,9,13,13H¢]-1-Hexadecanol (11a)Starting from 146 mg
(0.5 mmol) of protected alcohdlOa, this compound was isolated Acknowledgment. We gratefully acknowledge CICYT and
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(CHy), 29.4 (CH), 28.6 (CD, quint,J = 19 Hz), 28.5 (CD, quint, providing T. pityocampaemale pupae.

J=19 Hz), 25.7 (CH), 22.6 (CH), 14.1 (CH); MS m/z247 (35,
M+ — 1), 231 (100), 191 (25), 177 (20), 163 (28), 151 (25), 137
(30), 123 (35), 109 (45), 97 (60); Anal. Calcd fogH,¢?HsO: C,
77.34; H, 13.80. Found: C, 77.21; H, 13.82.
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DEPT spectra for compounds—3 and 5—11. This material is
available free of charge via the Internet at http://pubs.acs.org.
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