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of a normal C-C single bond. Interestingly the four-membered
ring is not planar but puckered and results in a skewed confor-
mation of the two Os(CO), moieties. The average twist angle
about the Os—Os bond is 21°. The observed geometry is pre-
sumably due to the flexibility of the four-membered ring, which
allows movement of the Os(CO), moieties out of the sterically
congested eclipsed configuration. The structure closely resembles,
including the value of the twist angle, the unsubstituted parent
molecule Os,(CO)g(u-n',7!-C,H,), 3¢.4 Although two other ex-
amples of 1,2-dimetallacyclobutanes have been reported,' the
photostability of 3a is especially noteworthy and may indicate an
extensive series of related 1,2-diosmacycles.!?

The difference in the long-wavelength photoactivity of 1-Os
and 1-Ru in the presence of olefins is striking and merits some
considerations. Recent UV photoelectron spectral studies and
theoretical investigations'® deduced similar electronic structures
for the two M;(CO);, compounds. Thus the primary photoex-
citation probably leads to a common photochemical intermediate
(eq 2). Although there is no general agreement concerning the
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nature of the intermediate nor about the subsequent steps in the
photoreaction,!® we believe that with the present results, a pre-
viously postulated mechanism>!°® must receive serious consider-
ation at least for the reaction with olefins (eq 3). The difference
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in reactivity between 1-Os and 1-Ru is best explained by the
relative M—M bond strength in these species, Os—Os > Ru-Ru,
which may also account for the facile breakdown of Ru,(CO)g
and formation of 2-Ru only.

The synthetic implications of the mechanism depicted by eq
2 are being evaluated by exploring the photoreaction of Osy(CO);;
with other unsaturated substrates and the interaction of olefinic
ligands with other known metal-metal multiple bonded species.?’
The reactivity of 3a is also under intense scrutiny.
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Metabolism of arachidonic acid by the 5-lipoxygenase pathway
in response to triggering by IgE-dependent stimuli or by phagocytic
leukocytes leads to the production of leukotrienes, a family of
potent biological agents that function as regulators of the mam-
malian cellular microenvironment.! We report herein on the
absolute stereochemistry of the conversion of arachidonate (1)
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to (58)-hydroperoxy-6E-8Z,11Z,14Z-¢icosatetraenoic acid (5-
HPETE, 2), the initial step in the leukotriene pathway, in two
different enzyme systems—the 5-lipoxygenases (5-LO) derived
from rat basophil leukemic (RBL-1) cells and potato tubers.? In
this study (7R)-deuterioarachidonic acid was obtained by total
synthesis and converted enzymically to 5-HPETE, which was
reduced to the corresponding alcohol (5-HETE, 3) and analyzed
by mass spectrometry as a stable silyl derivative.

Synthesis of (7R )-Deuterioarachidonic Acid (4). The readily
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available dimethyl (2R)-acetoxy-(3S)-bromosuccinate (5)* was
deacetylated (0.3 M hydrochloric acid in methanol, 0.1 M §, 46
h at 22 °C, 82% yield) and cyclized (6 equiv of potassium car-
bonate in acetone at 22 °C for 14 h, 69% yield) to the epoxy ester
6 [mp 70-73 °C; [a]*p —136.9° (¢ 1.07, methanol); enantiomeric
purity >97%].° Reduction with sodium borohydride (3.7 equiv
in ethanol at 0 °C for 4.5 h, 0.2 M 6) gave 64% of the crystalline,
C, symmetric diol epoxide 7.6 Stereospecific introduction of the
deuterium label was achieved by epoxide opening with 95% 2H
lithium aluminum deuteride (2.5 equiv, tetrahydrofuran (THF),
[7]1 = 0.06 M, 10 h at reflux), followed by in situ protection of
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the product triol as the 1,2-acetonide 8 (catalytic p-toluenesulfonic
acid, acetone, 24 h, 22 °C). Chromatographically purified 8 was
converted to phosphonium salt 9 in 65% yield in two steps:” (1)
reaction with 2 equiv of carbon tetrabromide, 2 equiv of tri-
phenylphosphine (12:1 methylene chloride~pyridine, [8] = 0.35
M, 6 h, 22 °C); (2) reaction with 2 equiv of triphenylphosphine
(1 M) in acetonitrile containing 0.3 equiv of calcium carbonate
for 18 h at reflux. Phosphonium salt 9 was converted to the Wittig
ylide (0.95 equiv of sodium hexamethyldisilazide, toluene, [9] =
0.1 M, 0 °C)? and treated with 1.1 equiv of methyl 4-formyl-
butyrate® at =78 °C (1:1 THF-toluene)!° to provide acetonide
ester 10, which was deprotected in situ (0.75 M hydrochloric acid
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in 15:1 methanol-water for 8 h at 22 °C) to afford pure diol 11
in 55% yield.

Phosphonium salt 12, corresponding to the C(9)—C(20) segment
of 4, was constructed in the following way: diol 137 was cleaved
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to the corresponding 3,y-unsaturated aldehyde (1.42 equiv of lead
tetraacetate, [13] = 0.2 M in methylene chloride for 1.5 h at —65
°C), which was allowed to react with ylide 141! (1:1 THF-toluene
at =78 °C) to afford, after deprotection (1.25 mM hydrochloric
acid in 3:1 THF-water, 1 h at 22 °C), dienol 15 (30% from 13).
Dienol 15 was converted to phosphonium salt 12 in 82% yield as
described above for 9. The complete carbon skeleton of 4 was
assembled by Wittig coupling!? of aldehyde 167!2 with the ylide
derived from deprotonation of 12 (0.87 equiv of sodium hexa-
methyldisilazide, toluene, 0 °C) to afford after chromatography
4 methyl ester. Deuterium incorporation in 4 methyl ester was
determined to be 93.7% from mass spectral analysis.!* 4 methyl
ester was stored in frozen benzene under argon and hydrolyzed
(1:1 1 M lithium hydroxide-THF, 20 °C, 12 h, 0.03 M 4) im-
mediately prior to use.

Enzymatic Conversion of 4 to 5-HETE by 5-LO from RBL-1
Cells. (7R)-Deuterioarachidonic acid (4) was converted to 5-
HETE by the 5-LO in RBL-1 cell supernatant!4 according to the
following procedure: an ethanolic solution of 4 (140 ug in 70 uL)
was introduced into 1 mL of supernatant, calcium chloride was
added to afford a final concentration of 2 uM (calcium is required
for 5-LO activity in this RBL-1 supernatant preparation),!® and
the mixture was incubated in air for 2 h at 20 °C. After extractive
isolation, the crude product was taken up in THF and esterified
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with ethereal diazomethane. 5-HETE methyl ester was purified
by preparative normal-phase high-pressure liquid chromatography
(HPLC)!6 and silylated with bis(trimethylsilyl)trifluoroacetamide
(12 h, 4 °C), and its mass spectrum was measured (electron impact
ionization, 70 eV, probe temperature = 175 °C, Kratos MS-50
spectrometer).

Enzymatic Conversion of 4 to 5-HPETE by 5-LO from Potato.?
The 5-LO-catalyzed oxygenation of 4 by potato was effected by
using 2 mL of crude potato 5-LO? ([protein] = 8 mg/mL) and
4 (2.5 mg) in 400 xL of 6 mM ammonium hydroxide with traces
of Triton X-100 and 4-hydroxy-2,2,6,6-tetramethylpiperidinooxy
free radical under an oxygen atmosphere for 30 min (20 °C).
Methanol was added, and the reaction mixture was brought to
pH 9 (1 N sodium hydroxide) at 0 °C. Sodium borohydride (30
mg) was added to reduce 5S-HPETE to 5-HETE (30 min, 0 °C).
The mixture was brought to pH 2, and insoluble protein was
separated by centrifugation (1500g, 10 min). The 5-HETE methyl
ester was isolated, silylated, and analyzed for deuterium as de-
scribed for the RBL-1 system.

Deuterium incorporation in the trimethylsilyl ether of 5-HETE
methyl ester was determined by using the relative peak heights
of the parent ions of the unlabeled (M* m/e 406) and labeled
(M* m/e 407) compounds.!* The 5-HETE obtained from 4 in
both RBL-1 and potato systems retained 100% (£3%) of the
original deuterium label. Thus, in both the vegetable and mam-
malian lipoxygenase reactions the 7-H; hydrogen is removed in
the conversion of arachidonate to (55)-HPETE (2).

All known lipoxygenase reactions produce hydroperoxide in
which the product has the absolute chirality expressed in subunit
formula B by removal of Hy, in the starting unsaturated acid of
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subunit formula A. This absolute stereochemistry is followed not
only by the two arachidonate 5-LO systems of the present study
but also by the arachidonate 12-LO of platelets,!” the 5,6-di-
hydroarachidonate 15-LO soybean,'® and the linoleate 9- and
11-LO of corn and soybean.!” As the number of observed LO
reactions that proceed by the absolute route A — B increases,
it is tempting to speculate that this may be a specificity inherent
in lipoxygenase catalysis.

We have recently devised two potent inhibitors of leukotriene
biosynthesis that irreversibly deactivate the 5-LO enzyme, 5,6-
dehydro-7 and 4,5-dehydroarachidonate.!* The available evidence
supports the proposition that these inhibitors function by un-
dergoing the 5-LO transformation to give unstable 5,6- or 4,5-
dehydro-5-HPETE, which decompose homolytically near the
catalytic site to destroy enzyme competence. The results of the
present study suggest a crucial test of this mechanism since they
predict that (7R)-deuterio-4,5- or 5,6-dehydroarachidonic acids
should show a diminished rate of enzyme deactivation.?
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