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An investigation of mechanistic aspects of the ethylene reaction
by using C,D, shows a significant amount of hydrogen—deuterium
scrambling, eliminating 11% D,, 74% HD, and 15% H,, which
is somewhat different from the statistical distribution of 28.6%
D,, 57.1% HD, and 14.3% H,. A similar experiment with
[C,TiCH;]* and C,D, was performed by Uppal et al.,!* and, in
contrast to our result, at least 85% HD is lost. Reaction of
[Cp,ZrD]* with propylene produces a degree of scrambling very
close to the statistical distribution of 28.6% HD to 71.4% H, loss

(eq 3).

. Cp,ZtC;Hs* + HD  (23%) 6
+ __{
szZl‘D C3H6 szZrC3H4D+ + H2 (77%)

A possible mechanism for the reaction of 1 with ethylene to
produce 2 is given in Scheme I. Scrambling probably occurs
during interconversion of the insertion product 3 and the hydride
intermediate 4 possibly via successive hydride shifts along the
three-carbon framework of intermediate §.

Lack of thermochemical data for the zirconium-—carbon and
zirconium-—allyl bond energies prevents the complete determination
of the enthalpies of the proposed insertion reactions and inser-
tion/elimination processes. However, an indication of the relative
exothermicities of the insertion reactions is given by the enthalpies
for the general reaction *CH; + C,H,, = °C,+H,+3 (AHY).20
When applied to the reactions of 1 with ethylene and propylene,
AHY values are —23.5 and —24.1 kcal mol™, respectively. The
net exothermicity is reduced when H, is eliminated, e.g., ‘CH;
+ C,H, — *C;H;s + H, (AH® = —4.6 kcal mol™), but this is
compensated by the expected stability of the zirconium-allyl
product.

Our observations suggest that intermediates of polymerization
and metathesis reactions also occur in the solvent-free reactions
of an electron deficient d° transition-metal complex ion. Com-
plexes formed following elimination of H, from these chemically

(18) Jordan, R. F., private communication.

(19) Uppal, S. J.; Johnson, D. E.; Staley, R. H. J. Am. Chem. Soc. 1981,
103, 508.

(20) Values for AHY are calculated from published experimental values
or are derived from group additivities (Benson, S, W.; Cruickshank, F. R.;
Golden, D. M.; Haugen, G. R.; O'Neal, H. E.; Rodgers, A. S.; Shaw, R,;
Walsh, R. Chem. Rev. 1969, 69, 279. O’Neal, H. E.; Benson, S. W. Free
Radicals; Kochi, J. K., Ed.; Wiley: New York, 1973; Vol. IL

activated?? gas-phase intermediates are possible products of chain
termination in the polymerization of alkenes by solvated d°f metal
catalysts. In addition, the formation of allyl species in solution
and the possible role of this process in introducing unsaturation
into polymers warrants further investigation.
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The palladium-catalyzed alkylation of vinyl epoxides by soft
nucleophiles derived from carbon acids is both regioselective
(1,4-addition) and stereospecific, with alkylation occurring at the
w-allyl face opposite to that bonded to palladium.!? The mild,
neutral reaction conditions are ideally suited for the synthesis of
a variety of organic compounds.® Because 1,3-dienemonoepoxides
readily undergo oxidative addition to palladium(0), they should
also catalytically couple with organostannanes (eq 1), allowing
alkylation by the variety of organic groups available with the tin
reagents.*

-0
o} Pd10; . Ry
\70[% G10; 4\,'.\‘{ RSNRy

R38n0

1

Indeed this reaction takes place with a weakly ligated palladium
catalyst, (CH;CN),PdCl,,’ in a polar solvent such as DMF at
ambient temperature to give good yields of coupled product (Table

*Present address: Instituto de Quimica Organica, CSIC. Juan de la Cierva
3, 28006-Madrid, Spain.
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Table I. Palladium-Catalyzed Coupling of Vinyl Epoxides with
Organostannanes
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I). Although the palladium-catalyzed coupling reaction of or-
ganostannanes with other electrophiles are relatively insensitive
to water, surprisingly, the presence of water (10 equiv based on
the vinyl epoxide) gave higher yields of coupled product than when
the reaction was run under anhydrous conditions. Furthermore,
in the presence of water the reaction was more selective, both with
respect to 1,4:1,2-addition and E/Z product ratios. Other ad-
ditives, including Lewis acids and bases, protic acids (e.g.,
CH,CO,H), or protic solvents (e.g., EtOH) were less effective
than water in improving the yields. The role of water is not
understood.

Coupling with the organotin reagent was rapid enough such
that the competing palladium-catalyzed isomerization of the vinyl
epoxides to «,8-unsaturated carbonyl compounds was not ob-
served.5 In a competitive coupling reaction of isoprene mono-
epoxide with equal molar quantities of phenyltrimethylstannane
and diethyl malonate, only a single allylic alcohol, 4-phenyl-2-
methylbut-2-en-1-ol; was isolated, diethyl malonate being recovered
unchanged from the reaction.

(6) (a) Suzuki, M,; Oda, Y.; Noyori, R. J. Am. Chem. Soc. 1979, 101,
1623, (b) Suzuki, M.; Watanabe, A.; Noyori, R. J. Am. Chem. Soc. 1980,
102, 2095.

Communications to the Editor

In general, acyclic vinyl epoxides gave better yields of coupled
allylic alcohols than cyclic vinyl epoxides.” Vinyl, phenyl, and
styryl groups on the stannane were readily transferred, both
trimethyl- and tributylstannanes participating equally well in the
transmetalation reaction (entries 1-3). High regioselectivity to
yield the 1,4-allylic alcohol product was observed, the ratio of
allylic to homoallylic (1,4:1,2) alcohols being affected by the
substitution pattern on the vinyl epoxide (entries 2, 8, 13, 15).
The geometry of the migrating double bond was not as clean with
the E isomer predominating (E/Z = 1-3).% In certain examples
(entries 7-9, 12-14) high E/Z ratios (>10:1) were observed.

The stereochemistry of the reaction was determined (eq 2) by
the coupling of 1,3-cyclohexadiene monoepoxide 1 and phenyi-
trimethylstannane 2 to give a mixture of alcohols 3 and 4.

o) Ho Ha HO H
PJ{CH,CNy,CL e N
+ PhSnMe, — e, + (2)
DMF, H,0
“Ph
1 2 3 H P

The phenyl and alcohol groups in both the homoallylic 3 and
allylic 4 alcohol were trans. The trans stereochemistry for 3 was
assigned from the proton NMR spectrum (270 MHz) in which
H, couples with Hy, (J = 10.5 Hz), H, (J = 7.7 Hz) and Hq (J
= 3.1 Hz) giving a ddd pattern, while H, was observed as a dm
pattern coupling with H, (J = 10.5 Hz). The trans stereochemistry
of alcohol 4 was not obvious from the proton NMR spectrum
alone. However, 4 was hydrogenated (Pd/C; H,) to yield
trans-4-phenylcyclohexan-1-ol which exhibited the same physical
and spectroscopic properties as an authentic sample of the satu-
rated alcohol.® This antj stereochemistry is the opposite to the
syn alkylation observed with a soft anion.!? This difference can
be attributed to internal delivery of the R group of the stannane
to palladium followed by reductive elimination from palladium
with retention of configuration at carbon ¢-bonded to palladium.
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In 1980, workers at Pfizer and Upjohn reported the first ex-
amples of a new structural class of antibiotics, the nargenicins.
Nargenicin A, (1), isolated from Norcardia argentinensis Huang
sp. nov., exhibits in vivo activity against gram-positive bacteria,
including drug-resistant strains.! Nodusmicin (2), a related
antibiotic from Saccharopolyspora hirsuta, has been characterized
by X-ray crystallography and the relationship to 1 demonstrated
by synthetic interconversion.2? Other nargenicins,* including
the 18-deoxy congener 3, have now been isolated. The unique
structure and biological activity of these macrolides have fostered
considerable interest in their pharmacology’ and biosynthesis,*®
and several groups have described preliminary synthetic studies.” '
We now report the first total synthesis of a naturally occurring
nargenicin macrolide, (+)-18-deoxynargenicin A, (3).

Previous work in our laboratories has resulted in an efficient,
stereocontrolled route to the 11-oxatricyclo[4.4.1.02"Jundecene
nucleus characteristic of the nargenicins.” Our entry to this novel
ring system is based on the addition of nucleophilic reagents to
ketone 4 (available in 7 steps from benzoquinone);** addition of
the resulting alkoxide to the Cg~Cy epoxide (nargenicin numbering
system) establishes the Cs—C,; ether bridge (Figure 1). We
reasoned that this approach could be extended to the synthesis
of an advanced intermediate incorporating the key structural and
stereochemical elements of 3, by addition of a vinyl lithium reagent

(1) Celmer, W. D.; Chmurny, G. N.; Moppett, C. E.; Ware, R. S.; Watts,
P. C.; Whipple, E. B. J. Am. Chem. Soc. 1980, 102, 4203.

(2) (a) Whaley, H. A.; Chidester, C. G.; Miszak, S. A.; Wnuk, R. J.
Tetrahedron Lett. 1980, 21, 3659.

(3) The absolute configuration shown for nargenicin A, has been proposed
on the basis of an observed positive Cotton effect in the CD spectrum of the
O-11-nitrobenzyl ester of 1: Cane, D. E.; Yang, C.-C. J. Antibiot. 1985, 38,
423,

(4) Whaley, H. A.; Coates, J. H., Abstract No. 187 from the 21st Inter-
science Conference of Antimicrobial Agents and Chemotherapy, November
4, 1981. The structure of 18-deoxynargenicin has been confirmed by synthetic
conversion of 1 to 3: Magerlein, B. J.; Reid, R. J. J. Antibiot. 1982, 35, 254.

(5) (a) Tone, J.; Shibakawa, R.; Maeda, H.; Yamauchi, Y.; Niki, K.; Saito,
M.; Tsukuda, K.; Whipple, E. B.; Watts, P. C.; Moppett, C. E.; Jefferson, M.
T.; Huang, L. H.; Cullen, W. P.; Celmer, W. D. Abstract No. 62 from the
20th Interscience Conference of Antimicrobial Agents and Chemotherapy,
September 22, 1980. (b) Celmer, W. D.; Cullen, W, P,; Shibakawa, R.; Tone,
J. (to Pfizer Inc., New York) U.S. Patent 4,435,747, See Chem. Abstr. 1984,
101, 53332.

(6) The structure of coloradocin, a bis-macrolide related to the nargenicins,
has been reported: Rasmussen, R. R.; Scherr, M. H.; Whittern, D. N.; Buko,
B. N.; McAlpine, J. B. J. Antibiot. 1987, 40, 1383.

(7) (a) Magerlein, B. J.; Miszak, S. A. J. Antibior. 1982, 35, 111. (b)
Magerlein, B. J. Abstract No. Medi 72 from the 182nd National Meeting of
the American Chemical Society, August 23-28, 1981.

(8) (a) Cane, D. E.; Yang, C.-C. J. Am. Chem. Soc. 1984, 106, 784. (b)
Snyder, W. C,; Rinehart, K. L. J. Am. Chem. Soc. 1984, 106, 787.

(9) (a) Kallmerten, J. Tetrahedron Lett. 1984, 25, 2843. (b) Kallmerten,
J.; Plata, D. J. Heterocycles 1987, 25, 145.

(10) (a) Jones, R. C. F.; Tunnicliffe, J. H. Tetrahedron Lett. 1985, 26,
5845. (b) Roush, W. R.; Coe, J. W. Tetrahedron Lett. 1987, 28, 931. (c)
Steliou, K.; Poupart, M.-A. J. Am. Chem. Soc. 1983, 105, 7130.
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Figure 2.

representing the C,,—C,, fragment of the nargenicin macrolide
system to enone 4. Iodide (+)-5a, possessing the functionality
and stereochemistry of the required C,,—C,4 subunit, has been
reported by Corey in the context of a total synthesis of erythro-
nolide B.!' For the present application, we required the meth-
oxymethyl protected derivative (+)-5b, readily available from
(+)-crotyl epoxide!? using a modification of the Corey scheme.
Addition of the vinyl lithium reagent derived from (+)-5b (2
equiv of z-BuLi, Et,0, —78 °C) to racemic enone 4 gave the
expected mixture of diastereomeric products 6, which were
transformed directly to the methoxymethyl-protected derivatives
7 (Scheme 1).!* While 7a and 7b were readily separated by flash
chromatography, we were unable to unambiguously identify the
desired diastereomer by spectroscopic methods; consequently, each
diastereomer was independently carried through the next synthetic
sequence (for clarity, only transformations of diastereomer 7a are
shown). Allylic oxidation of 7 with 3,5-dimethylpyrazole—CrO,
complex'* (CH,Cl,, —20 °C) afforded enone 8 in modest yield.
Introduction of the C,—C; subunit of the nargenicins was ac-
complished by addition of the mixed cuprate reagent 9, followed
by immediate trapping of the resulting enolate as the enol
phosphodiamidate and dissolving metal reduction's to afford 10.
The stereochemistry of cuprate addition to 8 is consistent with
our observations in related model systems®® and is presumably
a consequence of initial coordination of the cuprate reagent to
the oxygen of the ether bridge. That we had introduced the C,—C,
subunit with the desired relative stereochemistry was demonstrated
by selective deprotection of 10 and Jones oxidation of the resulting
primary alcohol to afford the crystalline acids 11. X-ray crys-
tallography of one of the diastereomeric acids revealed this ma-
terial to be 11b,'¢ allowing us to confine our final synthetic
transformations to the “natural” diastereomer 11a.
Introduction of the C, methoxyl was accomplished by enolate
oxidation'? of ester 12 (LDA, MoOs—HMPA-pyridine) and

(11) Corey, E. J.; Trybulski, E. J.; Melvin, L. S,; Nicolaou, K. C.; Secrist,
J. A,; Lett, R.; Sheldrake, P. W.; Falck, J. R.; Brunelle, D. J.; Haslanger, M.
F.; Kim, S;; Yoo, S. J. Am. Chem. Soc. 1978, 100, 4618.

(12) Gao, Y.; Hanson, R. M,; Klunder, J. M.; Ko. S. Y.; Masamune, H,;
Sharpless, K. B. J. Am. Chem. Soc. 1987, 109, 5765. The optical purity of
our starting (+)-crotyl epoxide was determined to be 95% by 'H NMR
analysis of the corresponding Mosher ester.

(13) The spectroscopic properties of all new compounds reported herein
are in agreement with the structures assigned.

(14) Salmond, W. G.; Barta, M. A.; Havens, J. L. J. Org. Chem. 1978,
43, 2057,

(15) (a) Ireland, R. E.; Muchmore, D. C; Hentgartner, U. J. Am. Chem.
Soc. 1972, 94, 5098. (b) Ireland, R. E.; Pfister, G. Tetrahedron Lett. 1969,
2145.

(16) We are indebted to Professor Clarence Pfluger and Robert Ostrander
for obtaining the X-ray crystal structure of this intermediate.
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