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Acid Amide (6d): bp 140-141 °C (0.1 mm); IR (neat) 1660 (amide),
1600, 1580, 1500 cm~! (aromatic); 'H NMR (CDCl;) 7.3 (s, 5 H), 4.6
(s,2H),3.95(t,2H,J = 14 Hz), 5.55 (ddd, 1 H,J = 47, 15,7 Hz), 3.35
(q,4H,J =7Hz),1.1 (t,6 H); 19F NMR (CDCls) 121 (dt, 2 F, J = 10,
14 Hz),122 (ddd, 1 F, J = 294, 15,16 Hz), 127 (ddd, 1 F,J = 13,7 Hz),
200 (m, 1 F); mass spectrum m/e (rel intensity) 353 (M.*, 43), 334 (M
- F, 12), 297 (M ~ 2CyH,, 10), 262 (M — C;H7, 42), 247 (M - C;H-
— CHj, 100).

Anal. Caled for CigHs0F5NOs: C, 54.38; H, 5.70; N, 3.96. Found: C,
54.65; H, 5.55; N, 3.77.

The enamine 5d (1-diethylamino-5H,56H-5-benzyloxyhexafluo-
ropentene-1) was isolated from the crude reaction mixture by evap-
oration of the solvent before hydrolysis: 1°F NMR 117 (tt, 2 F), 122
(m, 2F), 120 (dt, 1 F,J = 12,7 Hz), 115 (dt, 1 F, J = 12 Hz).

N,N-Diethyl-2H,7 H-T-ethylenedioxynonafluoroheptanoic
Acid Amide (6e): bp 139-140 °C (0.1 mm); IR (neat) 1660 cm™!?
(amide); 'H NMR (CDCls) 3.5 (q, 4 H, J = 7 Hz), 1.25 (t, 6 H), 3.95
(m, 4 H), 4.9 (ddd, 1 H, J = 34, 13, 6 Hz), 5.1 (m, 1 H); 1°F NMR
119-121-124 (m, 8 F), 197 (dm, 1 F); mass spectrum m/e (rel intensity)
405 (M-, 10), 361 (M — OC3H,4, 18), 346 (M — OC3H3, 100), 332 (M
— C3H;0., 36).

Anal. Caled for C;3H5FgNO3: C, 38.53; H, 3.98; N, 3.46. Found: C,
38.68; H, 3.84; N, 3.46.

Registry No.—1a, 355-37-3; lb, 336-07-2; lec, 60895-94-5; 1d,
60895-95-6; le, 60895-96-7; 5d, 60895-97-8; 6a, 60895-98-9; 6b,
60895-99-0; 6¢, 60934-65-8; 6d, 60896-00-6; 6e, 60896-01-7.
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In a previous report,! we described a synthesis of 3,11-
dimethyl-2-nonacosanone (1), an active component of the
contact mating pheromone present in the cuticle of the female
German cockroach (Blattella germanica). Recently, Ishii and
co-workers, who first isolated and synthesized this substance,?
have identified a closely related second component, 29-hy-
droxy-3,11-dimethyl-2-nonacosanone (2).3 In connection with
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studies on the behavioral responses of cockroaches to phero-
mones,* we undertook and now describe a synthesis of 2 to-
gether with some preliminary bioassays.

As shown in Chart I, the benzyl ether (3) of 4-bromo-1-
butanol was used to assemble the terminal hydroxy chain.

Chart I
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This derivative was selected because of its greater stability and
convenience for removal compared to the alternative te-
trahydropyranyl ether and because its distinctive spectral
features made it especially useful for monitoring subsequent
steps. The preparation of 3 was achieved in 88% yield by the
phase-transfer catalyzed reaction® of 1,4-dibromobutane (5
equiv) with sodium benzyloxide. By alkylation with lithium
acetylide (as the ethylenediamine complex), 3 was converted
almost quantitatively into the acetylenic ether 4. Monoalky-
lation of 1,12-dibromododecane (3 equiv) with the lithium salt
of 4 then provided the acetylenic bromo ether 5 in 84%
yield.

In the next step, a Wittig reaction of 9-bromo-2-nonanone?
with the triphenylphosphorane derivative of 5 gave the olefinic
bromo ether 6 as a mixture of Z and E isomers in 56% yield.
Alkylation of 6 with ethyl 2-methylacetoacetate then fur-
nished the required benzyloxy keto ester 7 in 91% yield. Fi-
nally, hydrogenation—hydrogenolysis of 7 gave the saturated
hydroxy keto ester 8 (97% yield), mp 30-32 °C, which, when
hydrolyzed and decarboxylated, afforded, in 71% yield from
8, the desired hydroxy ketone 2 as a mixture of diastereoiso-
mers, mp 41.5-43 °C.

Bioassay by antennation!-? showed that synthetic 2 readily
evoked the characteristic precopulatory wing raising and
180°-turning response in isolated adult male German cock-
roaches. Male roaches isolated from their parent colonies were
housed and tested in groups of five. In the tests their antennae
were stroked intermittently (~10 s/min) with freshly ablated
American cockroach (Periplaneta americana) antennae that
had been dipped for 1-2 s into a carbon tetrachloride solution
of the test substance and then allowed to dry.6 All tests were
performed at 24-25 °C during a period of 2.5-4.0 h into the
dark phase of a 12/12-h photocycle.



Notes

In 3-min tests on males isolated for 24 days, synthetic 2 at
a concentration of 250 ug/ml exhibited about half the activity
of synthetic 1 (23% vs. 48% response; n = 60 in each group).
With longer periods of isolation and extended testing times
considerable increase in response sensitivity was observed.
Thus after isolation for 24 days, 40% of 25 males responded
to 1 at 100 ug/ml when intermittently antennated for up to 8
min each. Similarly, a low molecular weight analogue, 3-
methyl-2-heneicosanone, found previously to be devoid of
activity at 500 ug/ml toward males isolated for 2-4 days,!
produced ~10% response in 8-min tests at 100 ug/ml and
~70% response at 1000 ug/ml in 24-day isolates.

With an isolation period of only 2—4 days and testing for up
to 3 min, the response to 1 dropped to ~5% at 70 ug/ml,7
whereas the activity of 2 did not decrease to this level until
diluted to ~5 ug/ml. Moreover, under these conditions 3:1 and
1:1 mixtures of 1 and 2 at a total concentration of 250 ug/ml
evoked 63 and 60% response, respectively, while a 1:3 mixture
showed only 48% response (n = 60 in each group). Neither the
solvent alone nor the synthetic intermediates 7 or 8 produced
any sexual display.

These findings, therefore, not only confirm the pheromonal
activity of 2, but they also suggest a synergistic effect between
1 and 2. Further study of these compounds is continuing.

Experimental Section

Melting and boiling points are uncorrected. Infrared spectra were
recorded on a Perkin-Elmer 137B Infracord spectrophotometer.
Proton magnetic resonance ("H NMR) spectra were taken on a Varian
A-60A instrument in carbon tetrachloride with tetramethylsilane as
internal reference. Electron impact mass spectra (MS) were obtained
at 70 eV with a Varian CH-5 spectrometer by Mr. Robert Drake,
University of Kansas Department of Chemistry. All reactions were
conducted under dry argon or nitrogen; organic extracts were dried
over anhydrous magnesium sulfate. Homogeneity assays were made
by TLC (silica gel 60F-254, 0.25 mm layer), GLC (Varian A90-P3 in-
strument, 6 ft X 0.25 in. stainless steel column packed with 10% OV-17
on 100-120 mesh Gas-Chrom Q), or HPLC (Waters 6000A unit, 25-cm
column of 10 x Partisil 10 ODS). Preparative layer chromatography
(PLC) was conducted on precoated F-254 silica gel plates (20 X 20 X
0.2 cm). Elemental analyses were performed on an HP-185C CHN
analyzer by Mr. Tho Nguyen, University of Kansas Department of
Medicinal Chemistry microanalyst.

4-Benzyloxy-1-bromobutane (3). To a magnetically stirred so-
lution of 10 g of sedium hydroxide in 20 g of water cooled to 10 °C were
added 5.4 g (50 mmol) of benzyl alcohol, 54 g (250 mmol) of 1,4-di-
bromobutane, and 0.85 g (2.5 mmol) of tetrabutylammonium hy-
drogen sulfate® (Aldrich). After stirring (~300 rpm) for 10 h at 25 °C,
the mixture was poured into 300 ml of water and extracted with
pentane, and the dried extracts were evaporated. Slow distillation of
the product at 0.3 mm through a 25-cm Vigreux column furnished 40
g of recovered 1,4-dibromobutane and benzyl alcohol (bp 30-40 °C)
and 10.7 g (88%) of 3 (>99% by GLC): bp 103-105 °C (0.3 mm); IR
(film) 3040, 1215, 1110, 740, and 700 cm~'; 'H NMR 6 7.23 (s, 5 H),
4.43 (s, 2 H), 3.42 and 3.36 (overlapping triplets, J = 7 Hz, 4 H), 1.83
(m, 4 H); MS m/e (rel intensity) 244 (0.2, M* + 2), 242 (0.2, M%), 92
(42), 91 (100). Anal. Caled for C;;H;50Br: C, 54.33; H, 6.22. Found:
C, 54.53; H, 6.39.

6-Benzyloxy-1-hexyne (4). To a solution of 2.69 g (28.0 mmol)
of lithium acetylide ethylenediamine complex (Alpha, 96%) in 56 ml
of dimethyl sulfoxide® was added 6.82 g (28.0 mmol) of 3 with stirring
at 5-10 °C. After stirring for 12 h at 25 °C the mixture was poured into
water and the product recovered by extraction with pentane. Short-
path distillation gave 5.12 g (97%) of 4 (>99.5% by GLC): bp 85 °C
(0.01 mm); IR (film) 3300, 2120, 1110, 740, and 700 cm™!; 'H NMR
67.20 (s, 5 H), 4.42 (s, 2 H), 3.42 (t,J = 7 Hz, 2-H), 2.15 (t split 2.5 Hz,
J =7Hz, 2H), 1.79(t,J = 2.5 Hz, 1 H), 1.68 (m, 4 H); MS m/e (rel
intensity) 188 (1.4, M*), 91 (100). Anal. Caled for C;3H;60: C, 82.93;
H, 8.57. Found: C, 82.87; H, 8.59.

1-Benzyloxy-18-bromo-5-octadecyne (5). The monolithium salt
of 4 (5.65 mmol in 6 ml of tetrahydrofuran, generated by the method
of Schwarz?) was added dropwise at 20 °C to a stirred solution of 5.72
g (17.4 mmol) of 1,12-dibromododecane (Aldrich) in 25 ml of
hexamethylphosphoramide and 15 ml of tetrahydrofuran. After
stirring for 24 h at 25 °C the mixture was diluted with water and ex-
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tracted with pentane, and the dried pentane extracts were evaporated.
Rapid distillation of the residue yielded ca. 4.0 g of recovered dibro-
mide, bp 130 °C (0.005 mm), and then 2.06 g (84%) of 5 (~97% by
GLC): bp 238-240 °C (0.005 mm); IR (film) 3340, 1215, 1110, 740, and
700 ecm~1; 'H NMR 6 7.21 (s, 5 H), 4.43 (s, 2 H), 3.42 and 3.35 (over-
lapping triplets, J = 7 Hz, 4 H), 2.35-1.87 (broad m, 4 H), 1.87-1.48
(m, 4 H), 1.27 (broad s, 20 H); MS m/e (rel intensity) 436 (2.1, M* +
2), 435 (2.6), 434 (2.3, M), 433 (2.2), 91 (100). Anal. Caled for
Co5H390Br: C, 68.95; H, 9.03. Found: C, 69.31; H, 9.03.

(Z)- and (E)-26-Benzyloxy-1-bromo-8-methylhexacos-8-
en-21-yne (6). A solution of 178 mg (0.409 mmol) of 5 and 108 mg
(0.412 mmol) of triphenylphosphine in 1.2 ml of xylene was heated
at 140 °C for 20 h. The xylene was removed in vacuo at 20 ° C and the
residue washed with three 1-ml portions of dry ether at =78 °C. The
vacuum-dried, viscous phosphonium salt (247 mg, 0.354 mmol, 86%)
was dissolved in 2 ml of tetrahydrofuran-ether (1:1) and 0.63 ml of
0.57 M methyllithium (in ether) was added slowly at —23 °C, followed
by 150 mg (0.678 mmol) of 9-bromo-2-nonanone.?b:!! After stirring
for 0.5 h at =23 °C and then for 6 h at 30 °C the mixture was diluted
with water and extracted with pentane. After drying and evaporation
of the pentane, PLC (ether-pentane, 1:10) of the residue gave 108 mg
(56% from the phosphonium salt) of 6 as a colorless, oily mixture of
Z and E isomers: Ry 0.61; IR (film) 3040, 1215, 1110, 740, and 700
cm™!; THNMR 67.20 (s, 5 H), 5.05 (t, J = ~6 Hz, 1 H), 4.42 (5, 2 H),
3.41 and 3.32 (overlapping triplets, J = 7 Hz, 4 H), 2.2-1.7 (broad m,
8 H), 1.7-1.5 (m, 7 H), 1.27 (broad s, 28 H); MS m/e (rel intensity) 560
(1.2, M* + 2), 558 (1.2, M*), 91 (100). Anal. Caled for C3,Hs50Br: C,
72.96; H, 9.91. Found: 72.87; H, 9.92.

Ethyl (Z)- and (E)-2-Acetyl-28-benzyloxy-2,10-dimethyloc-
tacos-10-en-23-ynoate (7). By means of a syringe, 480 mg (0.858
mmol) of 6 was added at 25 °C to 1.27 mmol of the sodium hydride
generated enolate of ethyl 2-methylacetoacetate (Aldrich, fractionally
distilled, 98% by GL.C) in 3 ml of benzene-dimethylformamide (2:1).
This mixture was stirred at 60 °C for 27 h, poured into 100 ml of water,
and extracted with pentane. The washed extracts were dried and
evaporated at 20 mm, and the yellow residue (650 mg) was purified
by PLC (chloroform, two-developments) to give 483 mg (91%) of 7 as
a colorless oil: Ry2 0.47; IR (film) 3040, 1740, 1720, 1110, 740, and 700
em~ 1, THNMR 6 7.20 (s, 5 H), 5.03 (t,J = ~6 Hz, 1 H), 4.42 (s, 2 H),
4.13 (q,J = THz, 2 H), 3.42 (t,J = 7 Hz, 2 H), 2.2-1.7 (broad m, 8 H),
2.03 (s, 3 H), 1.65-1.55 (m, 10 H), 1.26 (broad s, 30 H), 1.23 (t,J =7
Hz, 3 H); MS m/e (rel intensity) 622 (0.97, M*), 91 (100). Anal. Caled
for C41HgsO4: C, 79.05; H, 10.68. Found: C, 79.16; H, 10.68.

Ethyl 2-Acetyl-28-hydroxy-2,10-dimethyloctacosanoate (8).
A solution of 147 mg (0.236 mmol) of 7 in 15 ml of absolute ethanol
was stirred under 1 atm of hydrogen with 50 mg of 30% palladium-
carbon until 4 equiv of hydrogen was absorbed (ca. 12 h). Filtration
and evaporation (0.1 mm) gave 127 mg (97%) of 8 as a colorless, waxy
solid: mp 31-32 °C; IR (melt) 3360, 1740, and 1720 cm~!; 'H NMR
64.13(q,J = 7Hz, 2 H), 3.52 (t,J = 6.5 Hz, 2 H), 2.25 (broad s, 1 H),
2.05 (s, 3 H), 1.55 (m, 1 H), 1.27 (t,J = 7 Hz, 3 H), 1.25 (m, 51 H), 0.83
(d,J = 6 Hz, 3 H); MS m/e (rel intensity) 538 (0.99, M), 112 (100).
Anal. (after PLC, ether—chloroform, 1:2; Ry 0.43) Calcd for C34HggOu:
C, 75.78; H, 12.34. Found: C, 75.99; H, 12.45.

29-Hydroxy-3,11-dimethyl-2-nonacosanone (2). A solution of
108 mg (0.200 mmol) of 8 in 0.6 ml of 0.8 M ethanolic sodium hy-
droxide was stirred at 40 °C for 6 h. After acidification with 1% hy-
drochloric acid and warming to 60 °C, the mixture was diluted with
water and extracted with pentane. Evaporation of the pentane fol-
lowed by PLC (ether—chloroform, 1:2, two developments) afforded
66 mg (71%) of nearly pure 2, mp 38-40 °C, Ry, 0.50. Recrystallization
from pentane at —40 °C furnished an analytical sample: mp 41.5-43
°C; IR (melt) 3340, 1710, 1045, and 710 cm~}; TH NMR 6 3.52 (t,J =
6 Hz, 2 H), 2.34 (m, J = 6.8 Hz, 1 H), 2.3 (broad s, 1 H), 2.01 (s, 3 H),
1.53 (m, 1 H), 1.23 (broad s, 48 H), 1.04 (d, J = 6.8 Hz, 3 H), 0.84 (d,
J =6 Hz, 3 H); MS m/e (rel intensity) 466 (2.9, M*), 72 (100). Anal.
Caled for C31Hg202: C, 79.76; H, 13.39. Found: C, 79.64; H, 13.58.
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Sulfoxides are important intermediates in a variety of
synthetic transformations. The successful application of these
procedures generally requires the removal of the residual
sulfoxide moiety and a number of processes have been devised
for achieving such transformations. Ostensibly, one of the
simplest of these involves the reduction of the sulfoxide to a
sulfide which is then further reduced by treatment with Raney
nickel or a reducing metal system such as lithium in liquid
ammonia or amine. .

The mildest and therefore the most desirable procedures
for effecting the reduction of sulfoxides to sulfides involve
either their prolonged treatment with triphenylphosphine in
refluxing carbon tetrachloride,? reaction with titanium(III),?
or their conversion to an alkoxysulfonium salt, which in turn
is reduced by reaction with borohydride?2 or (more selectively)
cyanohydride borate.*® Each of these procedures possess
disadvantages: the former two have limited selectivity, the
latter are inconvenient at best.

We wish to report that the reaction of sulfoxides with var-
ious complex ions of molybdenum(II), -(III), and tungsten(IIT)
provides a procedure for the reduction of a sulfoxide to the
corresponding sulfide that is facile, efficient, and highly se-
lective. This procedure seems applicable to the reduction of
a broad spectrum of sulfoxides under mild conditions. Al-

Notes

though water is generally a good solvent, the use of methanol
as a solvent or cosolvent resulted in improved yields in those
instances where (1) the sulfoxide has only a very limited sol-
ubility in water or (2) the complex ion is relatively unstable
in neutral water as, for example, are salts of octachlorodimo-
lybdenum(II) ion, Mo2Clg?~.

Numerous reagents are capable of effecting deoxygenations
of various organic substrates. Most of these are not specific.
Thus, for example, phosphites and phosphines, two of the
most commonly employed deoxygenating agents, will reduce
a variety of functional groups including nitrile oxides to ni-
triles, epoxides to olefins,” and certain alkyl halides to the
corresponding hydrocarbon. In addition, these reagents also
react in less well-defined ways with N-oxides, nitro, nitroso,
and related functional groups.® In contrast, the reduction of
sulfoxides to sulfides by the reagents reported here appears
to be highly specific. Thus, organic halides (n-octyl iodide and
benzotrichloride), sulfones, phosphine oxides, epoxides (cy-
clohexene oxide), ketones, (including «,3-unsaturated ke-
tones), esters, nitriles, and nitro compounds (nitrobenzene)
can all be recovered unchanged under the reduction conditions
outlined in Table I. It is clear from the results presented that
these reagents afford a mild, efficient, and highly selective
procedure for the reduction of sulfoxides.

Sharpless and co-workers? have studied the deoxygenation
of epoxides, aldehydes, and ketones using lower valent tung-
sten complexes of an undefined nature. The mechanism(s) of
these conversions as well as the reduction of sulfoxides by
Mo Clg*~, MooClgH3~, MoClg3—, and WoClg3~ is still unclear.
However, it is reasonable to assume that the successful utili-
zation of the lower valent complexes of titanium, molybde-
num, and tungsten in effecting the deoxygenation of certain
organic molecules is in substantial part a consequence of the
unusually high thermodynamic stability of titanium-, mo-
lybdenum-, and tungsten—oxo bonds.1%1!

Experimental Section!4

Tripotassium ennachloroditungstate(Ill),> K;W,Clg, pentaam-
monium nonachlorodimolybdenum(II) monohydrate,'? (NHy)4-
Mo,Clg-NH4Cl1-H20, and tricesium 1,1,1,2,2,2-hexachloro-g-(hy-
drido)bis-u-(chloro)dimolybdenum(III),!? Cs;MosClgH, were pre-
pared according to literature procedures. Tripotassium hexachloro-
molybdenum(III), K3sMoClg, was obtained from Climax Molybde-
num.

Procedures for Reduction. Similar procedures were used to carry
out the reductions for all the sulfoxides examined. Representative
procedures for each sulfoxide follow.

Reduction of Diphenyl Sulfoxide Using K;W>Cly. Tripotassium
ennachloroditungstate(III) (1.40 g, 1.74 mmol) was placed in a 50-ml
flask equipped with a condenser and containing a Teflon-coated
stirrer bar, 10 ml of water, and 1 ml of methanol. Diphenyl sulfoxide
(0.250 g, 1.26 mmol) and a known amount of hexadecane (GLC in-
ternal standard) were added and the flask heated at 60 °C with stirring
for 3 h under a static head of nitrogen. Additional water (15 ml) was
added and the resulting mixture extracted with three 10-ml portions
of chloroform. The combined organic extracts were dried (MgSO,),
gravity filtered, and analyzed by GLC.

Reduction of Di-n-butyl Sulfoxide with (NHy)4Mo.Clg
NH,CI'H;0. In a typical experiment, 1.12 g (1.80 mmol) of pen-
taammonium ennachlorodimolybdenum(II) monohydrate was placed
in a 50-ml flask containing a Teflon-coated stirrer bar. Methanol (10
ml) was added along with 0.260 g (1.61 mmol) of di-n-butyl sulfoxide.
The flask was equipped with a condenser stoppered with a rubber
septum and flushed with nitrogen. The resulting mixture was stirred
under a static head of nitrogen for 2 h at 50 °C. Upon cooling to room
temperature, 0.180 g of tridecane (GLC internal standard) was added.
Water (25 ml) was added and the resulting mixture extracted with
three 5-ml portions of chloroform. The combined extracts were dried
(MgS0,) and analyzed by GLC.

Reduction of Benzyl Methyl Sulfoxide Using Cs;Mo.CIgH. Into
a 50-ml flask equipped with condenser capped with a rubber septum
and containing a Teflon-coated stirrer bar was placed benzyl methyl
sulfoxide (0.250 g, 1.61 mmol) and CszsMosClgH (1.58 g, 1.80 mmol).
The contents of the flask were flushed with nitrogen before adding



