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CH=NBu) (II)!° and that compound II can also be formed by
using H,O as a source of hydrogen in a reaction analogous to the
WGS reaction (reaction 9). Reaction 9 is proposed to occur

RhOEP(H) + BuNC — RhOEP(CH=NBu) (8)

(RhOEP), + H,0 + 3BuNC —
2RhOEP(CH=NBu) + BuNCO (9)

through an intermediate analogous to the metallocarboxylic acid
in the WGS reaction. The RhOEP(H) produced in reactions

(RhOEP), + BuNC + H,0 —
RhOEP(C(OH)=NBu) + RhOEP(H) (10)

RhOEPnC(OH)=NBu) — RhOEP(H) + BuNCO (11)

10 and 11 subsequently reacts with BuNC to produce the form-
imidoyl complex II by reaction 8.

The C-N stretching frequency for RHROEP(CH=NBu) (vcn
= 1624 cm™) is similar to that of (n°-CsMes),Zr(H)(CH=NCHj,)
(ven = 1617)° and organic analogues (venx ~ 1625) but is sub-
stantially higher than values reported for metalloformimidoyls
(vc=n = 1550-1580 cm™)%~8 where back-7-bonding (resonance
structure b) is expected to be more important. Similarly, the
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veo value of 1700 em™ for RROEP(CHO) is higher than for any
previously reported metalloformyl (vco = 1570-1640).1!

Prior to this report, 7°-CsHsRe(Ph;P)(NO)(CHO) was the only
metalloformyl to be structurally characterized.!? A relatively
short Re—C distance (2.055 A), the C—O bond distance of 1.22
A, and a veg of 1558 cm™ indicate the importance of back-n-
bonding (resonance structure b) in this complex. RhOEP(CHO)
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has a much shorter C-O distance (1.175 A) and higher veg (1700
cm™), suggesting that the Rh!!OEP unit may be relatively in-
effective in back-w-bonding with the formyl group. RhOEP(CHO)
is more like an organic aldehyde (resonance structure a) than
previously reported metalloformyls, and this may be expected to
produce different patterns of formyl group reactivity. The short
Rh-C distance of 1.869 (6) A in I compared to 2.031 (6) A in
RhOEP(CH,)" is partially attributed to the differences in carbon
hybridization.

The ability of rhodium octaethylporphyrin dimer to activate
and transfer hydrogen to carbon monoxide indicates relevance to
Fischer-Tropsch chemistry. We are presently studying the re-
activity patterns of the coordinated formyl group in I, including
hydrogen reduction, and evaluating the conditions required to
establish a catalytic cycle. RhOEP(H) is the first of a potential

(10) Reactions 8 and 9 are virtually quantitative when carried out in sealed
NMR tubes using C4Dg as the solvent and fivefold excesses of BuNC and
H,0. Rh(CH=NBu) can be isolated as an air-stable crystalline solid by
removing the solvent under vacuum. RhOEP(—CH=NBu): IR (Nujol mull)
vomn = 1624 cm™; 'TH NMR (C¢Dy) 6 -2.48 (—CH=NBu, J(CH=NCH,)
=6.0 I-(I)z), ScH=NCH,— 0.36; Porphyrin resonances éc.y = 10.42, écyp = 4.11,
Scu, 2.06.

(11) (a) Casey, C. P.; Neumann, S. M.; Andrews, M. A.; McAlister, D.
R. Pure Appl. Chem. 1980, 52, 625. (b) Collman, J. P.; Winter, S. R. J. Am.
Chem. Soc. 1973, 95, 4089. (c) Collins, T. J.; Roper, W. R. J. Organomet.
Chem. 1978, 159, 73. (d) Steinmetz, G. R.; Geoffroy, G. L. J. Am. Chem.
Soc. 1981, 103, 1278. (e) Gladysz, J. A.; Tam, W. J. Am. Chem. Soc. 1978,
100, 2545.

(12) Wong, W. K.; Wilson, T.; Strouse, C. E.; Gladysz, J. A. J. Chem.
Soc., Chem. Commun. 1979, 530.

(13) Takenaka, A.; Syal, S. K.; Sasada, Y.; Omura, T.; Ogoshi, H.; Yo-
shida, Z. I. Acta Crystallogr., Sect. B 1976, B32, 62.
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large class of metallomacrocycles that could produce related
chemistry. Mechanistic studies of reaction 1 and a survey of
carbon monoxide reactivity with metallomacrocycle hydrides are
expected to reveal the generality of formyl complex formation with
metallomacrocycles and establish criteria for stabilizing the co-
ordinated formyl unit. We presently believe that the rigid
macrocycle, relatively high metal oxidation state [Rh(III)], and
the normal covalent bond forming ability of rhodium(II) all
contribute to stabilizing the metalloformyl unit in RKROEP(CHO).
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Of the many tetracyclic triterpenes of the dammarane series,
fusidic acid (1) is the most potent antibiotic, and it possesses the
broadest spectrum of biological activity * Since it was first
reported in 1962,* the clinical importance of 1 has been estab-
lished,® and a wealth of knowledge has been accumulated in regard
to its chemical modification and degradation.* We now report
the formal total synthetic of fusidic acid.
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Among studies directed toward the total synthesis of fusidic
acid,® a synthesis of diketone2, in racemic form, which possesses
the basic tetracyclic skeleton of 1 has been reported from this
laboratory.” Subsequently, the elaboration of ketone 3, a deg-
radation product of 1, to fusidic acid has been achieved.® In
order to complete the formal total synthesis of 1, our objective
was the conversion of 2 to 3. This conversion is outlined in Scheme
L.

Ketalization of 2!° gave the C-3 monoketal which was reduced
with LiAlH,, and the major product 4a (mp 162-164 °C)'1'2 was
assigned the 178 configuration on the basis of NMR and chemical
correlation studies. The alcohol was converted to the tetra-

(6) Ireland, R. E.; Beslin, P.; Giger, R.; Hengartner, V.; Kirst, H. A;
Maag, H. J. Org. Chem. 1977, 42, 1267. Ireland, R. E.; Giger, R.; Kumada,
S. Ibid. 1977, 42, 1276.

(7) Dauben, W. G.; Ahlgren, G.; Leitereg, T. J.; Schwarzel, W. C.; Yo-
shioka, M. J. Am. Chem. Soc. 1972, 94, 8593.

(8) (a) Diassi, P. A.; Krakower, G. W.; Basco, I.; VanDine, H. A, Tetra-
hedron 1966, 22, 3443. (b) Murphy, W. S.; Cocker, D. J. Chem. Soc., Perkin
Trans. 1 1977, 2565.

(9) Tanabe, M.; Yasuda, D. M,; Peters, R. P. Tetrahedron Lett. 1977,
1481.

(10) Compound 2 represents a relay intermediate in the synthesis, The
compound used in this present work has been obtained by degradation of
fusidic acid,® and therefore, all subsequent compounds are in the optically
active series. The synthetic 27 has not been resolved.

(11) '"H NMR and IR spectra are in accord with assigned structure.

(12) Molecular formula established by elemental analysis.

hydropyrany! ether 4b; the overall yield for these three steps was
35%. In order to introduce the 98-H and the 11-OH structural
features in one step, the reductive opening of the 9«,11a-epoxide
in the natural 13«-H series was studied, and it was found that
this process yielded only the 9a-H product, a result due to pro-
tonation stable ring system. To hinder attack on the « face by
use of steric congestion, the 93,1 13-epoxide 5'12 in the unnatural
138-H series was prepared. Treatment of 5 with lithium in
ethylenediamine (45 °C) gave 50% of the 98-H derivative 6112
and 30% of the related 9a-H isomer. This result confirmed our
expectation related to the utility of the unnatural 133-H series
for this transformation.

Oxidation of 6 with Collins reagent gave the C-11 ketone
derivative from which the protecting groups were removed to give
the 173-hydroxy-3,11-dione (mp 158-159 °C).!13 This material
upon oxidation with chromium trioxide in acetic acid gave the
known triketone 7.4 Regio- and stereoselective reduction of the
carbonyl groups at C-3 and C-11 was accomplished in the fol-
lowing manner. Hydrogenation of 7 over PtO, gave the known
3a-alcohold which was treated with ethylene glycol to give the
C-17 monoketal (mp 147-148 °C).1112 Reduction of this latter
material with LiAIH, gave diol 8 (mp 183-184 °C).1112 Again,
the configuration at C-13 presumably controls the stereochemistry
of the reduction at C-11 by steric congestion of the « face, making

(13) Molecular formula established by high-resolution mass spectrometry.
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attack from the 8 face favored,

The 138-H configuration having served its function was inverted
to the more stable, natural 13a-H configuration. In the 11-deoxy
series, the 13 configuration is only slightly favored (60%),® but
in the present case, the introduction of the 11a-hydroxy group
introduces yet another unfavorable 1,3-diaxial interaction to the
138-H configuration, and thus, a greater preponderance of the
13a-H material was expected.!* Diol ketal 8 was hydrolyzed in
80% aqueous acetic acid followed by epimerization of the resulting
ketone with aqueous NaOH. A 5:1 mixture of the 13a-H/136-H
ketones was obtained, and pure 9a (mp 201-202 °C)!b1215 was
isolated in 67% overall yield from 8. The diolone 9a was meth-
oxymethylated to 9b (mp 90-91 °C) in 89% yield by using
(methoxymethyl)triethylammonium chloride!® in refluxing chlo-
roform; other methods bring about loss of stereochemical purity
at C-13.

Completion of the synthesis now required only the introduction
of the 163-acetoxy group and manipulation of protecting groups.
Extensive investigation indicated that chemistry at C-16 in 9b
occurs predominantly from the « face and that, once obtained,
a 16« functionality could not be successfully inverted. Our
strategy thus became to use the a-face selectivity in this series
by introducing the oxygen functionality at C-16 first, followed
by introduction of the C-16 hydrogen. A variety of methods for
accomplishing this conversion can be conceived; however, the
hydrogenation of Al%-enol acetate!>¢ seemed particularly ap-
propriate for this system. Trost and co-workers have developed
a facile conversion of ketones to a-acetoxy enones,!” and this
chemistry became the key to the completion of the synthesis.

Phenylsulfenylation!” of 9b gave the 16-(phenylthio)ketone!b!?
in 76% yield as a mixture of isomers at C-16, and treatment of
this mixture with lead tetraacetate!”>° gave 101512 as predomi-
nantly only isomer in 93% yield. Oxidation of 10 to the C-16
sulfoxide was troublesome; however, treatment with MCPBA and
pyrolysis of the resulting sulfoxide gave a 32% yield of acetoxy
enone which could be hydrogenated in quantitative yield to give
111513 with none of the 16a-acetoxy compound detectable. Re-
moval of the methoxymethyl protecting groups (4:1:1
CF,CO,H-H,O-THF) gave the 168-acetoxy-3,11-diol in 57%
yield which was identical by NMR, IR, and TLC with material
obtained by ozonolysis of dihydrofusidic acid. The diol was
converted to the triacetate 3 with Ac,;0/AcOH/TsOH in 63%
yield to complete the formal total synthesis of fusidic acid.

A fundamental feature of this synthesis is the use of the shape
of the molecule by control of the stereochemistry at centers C-9,
C-11, and C-13 to guide reactions to the « or the 3 face of the
molecule.
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(14) This concept has been discussed earlier by Godtfredsen®® and on a
related compound showed that after simple passage through a column of basic
alumina a 1:1 mixture was obtained.

(15) R. Bucourt and M. Legrand (C. R. Hebd. Seances Acad. Sci. 1964,
258, 3491) have reported a mp of 223 °C for this compound. Their work has
been repeated, and the material we obtained was identical in physical and
spectral properties with the compound reported in this present study.

(16) The reagent was prepared in analogy to the use by Corey of (meth-
oxyethoxymethyl)triethylammonijum chloride for the attachment of MEM
groups under mild condition (Tetrahedron Lett. 1976, 809). Subsequently,
Teisseire (Tetrahedron Lett. 1980, 2051) also reported the use of the same
methodymethyl salt.

(17) (a) Trost, B. M.; Salzmann, T. N.; Hiroi, K. J. Am. Chem. Soc. 1976,
98, 4887. (b) Trost, B. M.; Bridges, A. J. Ibid. 1976, 98, 5017. (c) Trost,
B. M,; Massiot, G. S. Ibid. 1977, 99, 4405.
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The conformational preference of phosphatidylethanolamines
and phosphatidylcholines in bimolecular-layer membranes has been
determined by low-angle X-ray diffraction! and NMR?? data.
In this conformation the glycerol backbone is approximately
perpendicular to the plane of the bilayer, and the two fatty acid
chains extend unequal distances into the bilayer membrane. In
contrast, synthetic bilayer-forming surfactant molecules such as
dialkyl dimethylammonium salts, reported by Kunitake and his
colleagues,* have planes of symmetry which suggest that both
chains will penetrate equally into the bilayer membrane.

We wish to report studies on molecules analogous to both the
biological and synthetic lipids which contain conjugated diacetylene
moieties in the long alkyl chains. These lipid diacetylenes form
bilayer structures when suspended in aqueous buffers. The for-
mation of vesicles in sonicated samples has been demonstrated
by electron microscopy.®’ The ultraviolet-light-initiated polym-
erization of the diacetylenes in these hydrated lipid bilayers has
been described.>”” The bilayer structure is retained after po-
lymerization (Figure 1).%7 Our studies now demonstrate re-
markable differences in photosensitivity which are interpretable
in terms of the expected conformational preference of the mole-
cules.
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We have prepared samples of lipid diacetylenes based on
phosphatidylcholine (1), a dialky! dimethylammonium salt (2),}
and a dialkylphosphate (3).2 The photosensitivity of each mem-
brane was evaluated under conditions of maximum sensitivity,

(1) (a) Hitchcock, P. B.; Mason, R.; Thomas, K. M.; Shipley, G. G. Proc.
Natl. Acad. Sci. U.S.A. 1974, 71, 3036-3040. (b) Hitchcock, P. B.; Mason,
R.; Shipley, G. G. J. Mol. Biol. 1975, 94, 297-306.

(2) (a) Haberkorn, R. A,; Griffin, G. A.; Meadows, M. D_; Oldfield, E.
J. Am. Chem. Soc. 1977, 99, 7353-7355. (b) Yeagle, P. L. Acc. Chem. Res.
1978, 11, 321-327.

(3) For a review, see: Hauser, H.; Pascher, I.; Pearson, R. H.; Sundell,
S. Biochim. Biophys. Acta 1981, 650, 21-51.

(4) (a) Kunitake, T.; Okahata, Y.; Tamaki, K.; Kumamaru, F.; Takayangi,
M. Chem. Lett. 1977, 387-390. (b) Kunitake, T.; Okahata, Y. J. 4m. Chem.
Soc. 1977, 99, 3860-3861. (c) Kunitake, T.; Okahata, Y.; Bull. Chem. Soc.
Jpn. 1978, 51, 1877-1879.

(5) Johnston, D. S.; Sanghera, S.; Pons, M.; Chapman, D. Biochim. Bio-
phys. Acta 1980, 602, 57-69.

(6) (a) Hub, H. H,; Hupfer, B.; Koch, H.; Ringsdorf, H. Angew. Chem.,
Int. Ed. Engl. 1980, 19, 938-940. (b) Gros, L.; Ringsdorf, H.; Schupp, H.
Ibid. 1981, 20, 305-325.

(7) O’Brien, D. F.; Whitesides, T. H.; Klingbiel, R. T. J. Polym. Sci.,
Polym. Lett. Ed. 1981, 19, 95-101.

(8) Compound 2 was prepared by the reaction of the acid chloride of
10,12-tricosadiynoic acid with bis(2-hydroxyethyl)dimethylammonium chlo-
ride using 4-(dimethylamino)pyridine as catalyst. The product was purified
by gel permeation and silicic acid chromatography followed by recrystalli-
zation from acetone: NMR (CDCl;) § 0.9 (t, 6 H, CH;C), 1.4 (brs, 56 H,
CH,), 2.2 (m, 12 H, CH,CO, CH,C=), 3.5 (s, 6 H, CH;N), 4.2 and 4.6 (m,
each 4 H, CH,0 and CH;N); IR (CCl,) 1737 and 1260 (CO;R), 2300, 2400
(w, C=C) cm™!. Compound 3 was prepared from 10,12-tricosadiyn-1-ol and
phosphoryl chloride by a method similar to that of Kunitake et al.* The crude
crystalline material was recrystallized from hexane at 0 °C: NMR (CDCl;)
5§09 (t, 6 H, CH,), 1.3 (brs, 50 H, CH,), 2.2 (br t, 8 H, CH,C=), 3.7 (br
s, 4 H, CH,0); IR (film) 3400 (br, w, OH), 1230 (P(=0)OH) cm"'.
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