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ABSTRACT

A-23187 is a calcium specific ionophore isolated

from Streptomyces chartreusis. Syntheses of model

systems containing the 1,7-dioxaspiro[5.5]undecane ring
system and the total synthesis are discussed. Based on
results from the total synthesis the absolute configuration
of A-23187 is assigned.

A new ionophore, X-14547A, was recently discovered
which, like A-23187, contains a pyrrole ketone subunit.

New methodology designed to introduce the pyrrole unit via

an N-protected 2-pyrrylcuprate is presented.

A-23187

[6S*- {6a(25*%,35%),88(R*),98,11a}]-5~(Methylamino)-2-
[{3,9,11-trimethyl-8- |I-methyl-2-0ox0-2- (1H-pyrrol-2-yl)-
ethyl |-1,7-dioxaspiro[5.5]undec-2-yllmethyl]-4-benzoxazole-

carboxylic acid.
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CHAPTER 1

Chemistry and Biology of A-23187



Introduction

B I I

In the past ten years a large number of biologically
interesting mold metabolites have been isolated.l’2
Among these metabolites is a large and growing class
known as the polyether antibiotics.3 The ability of
some of these to form lipid soluble complexes with cations

and provide a vehicle to transport the cations across

lipid barriers led to their being named ionophores.4

Several reviews have appeared on the topic of
ionophores.s_9 Recently, Westléy published a review of
the carboxylic acid ionophores in which he classifies
them on the basis of structure.2 The four classes are:
monovalent polyethers, monovalent glycoside polyethers,
divalent polyethers and divalent pyrrole ethers.

A-23187 (1) is the only known member of the last class.




Chemistry and Structure
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10

Although A-23187 was isolated in 1972, the

structure was not determined until 1974. Proton and
carbon-13 nuclear magnetic resonance and infrared

spectroscopy indicate the presence of the pyrrole

ketone and substituted benzoxazole side chains.ll’12

X-ray crystallography shows that the backbone is a

11,13

1,7-dioxaspiro[5.5]Jundecane ring system. This

makes A-23187 one of a small class of molecules to con-

tain such a ring system, others being: Oscillotoxin A,l4

Aplysiatoxin,l5 Salinomycin,l6 Narasin,17 Antibiotic

18 19 20

B~41, Milbemycin, Oligomycin B, and Rutamycin.21

X-ray studies of the calcium salt indicate that only

2
four bonds have any rotational freeciom“2 and that the

Figure 1
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complex contains two molecules of A-23187 in an octahedral

configuration surrounding one calcium ion.ls’22

NMR

studies in solution (proton and carbon-13) also indicate

the 2:1 octahedral complex with complexation occurring

at the carboxylate, benzoxazole nitrogen and pyrrole car-

bonyl22 (see Figure 1 and starred positions in structure LY.
Binding affinities reveal another unique feature

which makes A-23187 especially useful for biochemical

2
research.zs’“4

A-23187 is very selective for divalent
cations in the presence of monovalent cations. More
specifically, it selects for calcium over other divalent
species (see Figure 2).25 Rigidity of the backbone
structure is probably responsible for this by maintaining
a cavity size which cannot vary over a large range of

: 22
51285,

Biological Significance

~Mam A A AN A AN A A A A A A A A S A

Among the divalent cations involved in physiological
processes, calcium ion is perhaps the most ubiquitous in
location and diverse in function. For example, alteration
of cellular calcium levels is an important component of
cellular control mechanisms. Especially sensitive are
energized structures in cells such as mitochondria.26

Calcium ion flow down concentration gradients is important



; . 2

in muscle action. ? Steady-state structures of cell
membranes and walls, cell-cell conglomerates and
structural units inside cells are also controlled by

27 Evidence also exists

calcium mediated processes.
that calcium is an important control mechanism in the
synaptic transmission of nerve impulses, perhaps by
mediating sodium and potassium gates.28

Clearly, any agent that influences the binding of
membrane-bound or protein-bound calcium, or that alters
the rate of transport of calcium across membranes would
be a valuable biochemical probe. The ion specificity of
A-23187, and its fluorescence (allowing for easy detection
and analysis of its environment) make A-23187 a very
potent probe into calcium mediated cell functions. As
a consequence A-23187 is increasingly being used to
study complex physiological processes such as secretion

phenomena,29 parthenogenesis,30 membrane permeability,24’31

lymphocyte transformation,32 sperm motility,33

glucogenesis,34 and platelet function, structure and

metabolism.35

Although nothing specific is known about the exact
mechanism of calcium complexation and transport, several

studies have shown that each calcium jon transported into

the cell corresponds to an outward flux of two protons.25

) . ) 36
One mechanism to account for this is shown in Scheme 1.



Scheme 1

R

inner cell
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The 2:1 stoichiometry of the complex has recently
been questioned. Hunt and his coworkers have evidence
. . . . 57,38
of an active transport species in a 1:1 ratio.
His results are based on NMR studies of the transport of
praeseodymium ions across artificial lipid membranes.
Most indications, however, are that, at least in vivo,

the active transport species is a 2:1 complex.12’25’39



Aplysiatoxin



Salinomycin

Narasin



-10-

Antibiotic B-4l



-11-

Oligomycin B

H ts
H CHy QCH3 C H CHs

Rutamycin



«13=

References and Notes

R N N e e T R U U

1. J. W. Westley, Annu. Rep. Med. Chem., 10, 246 (1975).

2. J. W. Westley, Adv. App. Microbiol., 22, 177 (1977).

3. C. Moore and B. C. Pressman, Biochem. Biophys. Res.

Commun., 15, 562 (1964).
4. B. €. Pressman, E. J. Harris, W. 8. Jagger, and J. H.
Johnson, Proc. Natl. Acad. Sci. U.S.A., §§, 1949 (1967).

5. K. O. Hodgson, Intra.-Sci. Chem. Rep., 8, 27 (1974).

6. S. McGlocklin and M. Eisenbérg, Annu. Rev. Bioeng.,

4, 335 (1975).

~

7. M. R. Truter, Philos. Trans. R. Soc. London, Ser. B

&,

272, 29 (1975).

~ o~~~

8. B. C. Pressman, Annu. Rev. Biochem., 45, 501 (1976).

9. R. M., Izatt and J. J. Christensen, Eds., "Progress
in Macrocyclic Chemistry, Vol. I," John Wiley and
Sons, New York, 1979, p. 79.

10. R. L. Hamill, M. German, R. M. Gale, C. E. Higgins,
and M. M. Hoehn, Abstracts, '12th Interscience
Conference on Antimicrobial Agents and Chemotherapy,"
Atlantic City, New Jersey, September 26-29, 1972,

P- 65.
11. M. O. Chaney, P. V. Demarco, N. D. Jones, and J. L.

Occolowitz, J. Am. Chem. Soc., 99, 1932 (1974).

12. C. M. Deber and D. R. Pfeiffer, Biochemistry, 15,




13.

14.

15,

16.

18.

15,

20,

21.

224

fshs

=] &=

132 (1976).

M. 0. Chaney, N. D. Jones, and M. Debono, J. Antibiot.,

29, 424 (1976).

J. S. Mynderse and R. E. Moore, J. Org. Chem., 43,

2301 (1978).

Y. Kato and P. J. Scheuer, Pure Appl. Chem., 48, 29
(1976).

H. Kinashi, N. Otake, and H. Yonehara, Tetrahedron Lett.

4955 (1978).
D. E. Dorman, J. W. Paschal, W. M. Nakatsukasa,

L. L. Huckstep and N. Neuss, Helv. Chim. Acta, 59,

2625 (1976).

J. S. Glasby, "Encyclopedia of Antibiotics,'" John
Wiley and Sons, New York, 1976, p. 47.

H. Mishima, M. Kurabayashi, C. Tamura, S. Sato,

H. Kuwano, and A. Saito, Tetrahedron Lett., 711 (1975).

M. von Glehn, R. Norrestam, P. Kierkegaard, and

L. Ernster, Fed. Eur. Biochem. Soc., 20, 267 (1972).
B. Arnoux, M. C. Garcia-Alvarez, C. Marazano, B. C.

Das, C. Pascard, C. Merienne, and T. Staron, J. Chem.

Soc., Chem. Commun., 318 (1978).

G. D. Smith and W. L. Daux, J. Am. Chem. Soc., gg,

1578 (1976).
D. R. Pfeiffer, P. W. Reed, andH. A. Lardy,

Biochemistry, 13, 4007 (1974).



24.

25,

28,

28 ;

28

30,

51

32,

D3

18-

A. H. Caswell and B. C. Pressman, Biochem. Biophys.

Res. Commun., 49, 292 (1972).

D. R. Pfeiffer and H. A. Lardy, Biochemistry, 15,
935 (1976).

A. L. Lehninger, Biochemistry, 119, 129 (1970).

R. J. P, Williams, Biochem. Soc. Symp., ég, 133
(1974).

J. R. Cooper, F. E. Bloom, and R. H. Roth, "The Bio-
chemical Basis of Neuropharmacology,'" 3rd Ed., Oxford
University Press, New York,. 1978.

(a) N. B. Thoa, J. L. Costa, J. Moss,and I. J. Kapin,
1ife Bei., 145 1705 (1974); (b) J. C. Foreman,

J. L. Mangar, and B. D. Gomperts, Nature, 245, 249
(1973); (c) C. B. Wollheim, B. Blondel, P. A.
Truehart, A. E. Renold, éndG. W. G. Sharp, J. Biol.

Chem., 250, 1354 (1975).

(a) R. A. Steinhardt and D. Epel, Proc. Natl. Acad.

Sci. U.S.A., 71, 1915 (1974); (b) R. A. Steinhardt,

D. Epel, E. J. Carrol, and R. Yanagamachi, Nature,
252, 41 (1974).

D. T. Wang, J. R. Wilkenson, R. L. Hamill, and J.-S.

Horng, Arch. Biochem. Biophys., 1§6, 578 (1973).

V. C. Maino, N. M. Green, and M. J. Crumpton, Nature,
251, 324 (1974).

P. W. Reed and H. A. Lardy, "Proceedings of the



34.

36.

57

38.

39,

~-15~

Second Annual New England Bioengineering Conference,"
R. A. Peura, et al., Ed., Vermont University Press,
Burlington, Vermont, 1975, pp. 73-80.

R. N. Zahlten, F. W. Stratman, andH. A. Lardy, Proc.

Natl. Acad. Sci. U.S.A., 70, 3213 (1973).

D. R. Holland, M. I. Steinberg, and W. McD. Armstrong,
Proc, Soc. Exp. Bigl. Med., 148, 1141 (1975).

~ o~ o~

G. D. Case, J. M. Vanderkool, and A. Scarper, Arch.

Biochem. Biophys., 162, 174 (1974).

G. R. A. Hunt, L. R. H. Tipping, andM. R. Belmont,

Biophys. Chem., 8, 341 (1978).

-~

G. R. A. Hunt; FEBS letters, §§, 194 (1975).

M. J. 0. Anteunis, Biorg. Chem., 6, 1 (1977).




=T 6w

CHAPTER 11

Synthesis of Model Compounds
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Since their isolation, the polyether antibiotics have
aroused much interest in the chemical and biochemical
communities because of their interesting, highly complex
structures and their ability to complex and transport a

\
wide variety of cations across lipid barriers. The latter
characteristic led to their being named ionophores.1
Several reviews of the antibiotic ionophores are currently
available.2 Historically, three of the most important
for clinical study have been A-23187 (}),3 Lasalocid
acid (§)4 and Monensin (%).5 Monensin has successfully
been used as a poultry and livestock feed additive,
greatly increasing weight gains,6 while Lasalocid acid
and A-23187 have proven useful in biochemical studies
due to their ability to transport mono- and divalent

ions, potent biological cations, across lipid membranes.

} (Calcimycin)
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HaC
| CH,
COzH  HaC HiC HC

Since, as shown in Figure 1,8 A-23187 is much more
selective for calcium ions in the presence of other mono-
and divalent cations than is Lasalocid acid, and since
its fluorescence allows for easy detection and analysis,
A-23187 has become a key biochemical tool for investigating
calcium-mediated cellular phenomena.9 As a result of
this interest in A-23187, we felt that the synthesis of
structurally related bidentate analogs would prove useful.
Also, although the structure and relative stereochemistry
have been firmly established by proton- and carbon-NMR

3,10=13

and by X-ray analysis, total synthesis would allow

assignment of the absolute configuration of A-23187.
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Our retrosynthetic planning for the total synthesis
centered on the formation of the 1,7-dioxaspiro[5.5]undecane
ring system. This rare structural feature affords a high
degree of structural rigidity to A-23187 and is probably
largely responsible for the observed complexation
selectivity. The spirane system is also interest-
ing since only a few other molecules contain it, most of

them also ionophores isolated from mold metabolites:

16 17

Salinomycin,14 Narasin,15 Milbemycin, Antibiotic B-41,

19 20

Oligomycin B18 and Rutamycin. Two others, Aplysiatoxin

21 have recently been isolated from marine

and Oscillotoxin,
SOUTCES .

The retrosynthetic plan as detailed in Scheme I
immediately poses two problems. First, would internal
ketalization occur to give the proper configuration at
the spiro-carbon (C14) and second, would the methyl group
at C15 equilibrate to the equatorial configuration, thus
allowing its introduction in a non-stereospecific
reaction? An investigation of these concepts in models
was deemed importantysince not only would the results
be applicable to the total synthesis of A-23187, but they
could also be applied to the construction of bidentate
analogs of narrowly defined cavity size, perhaps useful

in ion-selective electrodes. Chiral synthesis could

also afford ligands useful in asymmetric reductions.
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Scheme 1

~a A A~

Hoping to utilize the latent Cz-axis of symmetry revealed
in Scheme I, we chose spiranes 4 and 5 as our initial

synthetic goals to test the spirane closure.
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CH,CH20H

As depicted in Scheme II, closure of an acyclic ketone
diol can give not only two configurational isomers, 6 = 7
but also two conformational isomers, 6 & 8. 1In determining
which isomer would predominate, two considerations are of
major importance. First are the steric interactions
caused by axial substituents in a cyclohexane ring.22
Second 1is the anomeric effect which favors the axial

orientation of a polar group at C2 of a pyran ring.23

Using standard A values22 and a value of 0.6 kcal/mole24
for the anomeric effect, we calculated that the diaxial
oxygen configuration (6) should be favored by at least

2.3 kcal/mole over the next most stable configuration, (7).

Correspondingly, conformation is also at least 2.3 kcal

[N e,

more stable than conformation 8 (see Appendix I for a

more complete discussion).
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Scheme 11

~ama A A A A~ A

Stereochemical Considerations

07H 7
R=H AG=+2.3 kcal/mol.
\ R=CHy 4G=+5.3 kcol/mol.

"

PoR

R=H 4G=+2.3 kcol/mol.
R= CHy aG=+6.8 kcal/mol.

The synthesis of spiranes 4 and 5, to test the above

hypothesis, followed the previously published route as

25,26

depicted in Scheme III. Thus, treatment of dihydro-

anisoles 9a and 9? with ozone and in situ reduction with
lithium aluminum hydride gave the diols 193 and }9?.27
Even though the reaction was carefully monitored by GLC,
over-oxidation was still a major problem. Attempts to
overcome this by using lower temperatures were moderately
successful. By operating at -78°C and using high

concentrations so that the intermediate ozonide precipitated



A

from solution, yields could be maximized at 50%.

Protection of the diols by benzylation gave high yields

of ethers 1la and 11b.28

~ o~ o~ ~ e~ A~

12a and 12b.29 In series b, this reaction also served

e ~ o~ o~

Hydroboration then gave alcohols

to cleanly establish the relative stereochemistry of the
hydroxyl and methyl groups. Carbon-13 analysis indicated

only one diastereomer. By using a chiral hydroborating

agent we conceivably could produce chiral intermediates.30

Direct conversion of alcohols 12a,b to the corresponding

~ o~~~ A

acetonide alcohols 13a and 13b was easily accomplished in

high yield by hydrogenolysis in acetone over a palladium/

a1

carbon catalyvst. The bromides 14a and 14b were then

formed by the method of Servis32 in a 63% overall yield
from diols 10a and 10b.

To assemble the backbone, we required an acyl anion
equivalent. Investigationof Collman's reagent [NazFe(CO)4]33

]34 proved un-

or Masuyamo's reagent [NCCHZSC(S)N(CH3)2
successful. Although 1,3—dithiane35 gave acceptable yields,
the anion of methyl methylthiomethyl sulfoxide proved
superior in both yield and operational simplicity.

T i
Treatment of Ogura's reagent” Wwith two equivalents of

racemic bromide 14a or 14b and excess potassium hydride

~ o~ o~ ~ o~ o~

-~~~ A ~ o~

Isolation of these unexpected products was probably due to

the presence of excess potassium hydride. Deprotonation of
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the initial bisalkylated product to 15 which could under-
go subsequent intramolecular elimination to give the
observed products and methylsulfenic acid is one
reasonable explanation. Eliminations of this kind have
recently been observed by Biellmann.37

We were now ready to test the intramolecular
ketalization. Treatment of the 1:1 mixture of %9 and 17

38 o

with mercuric chloride in aqueous acetonitrile could

give rise to four possible diastereomer539 as shown in

Scheme IV. 1In the a series two compounds were isolated,
A and B. Since only one of the four, namely {a, has a
Cz-axis of symmetry, then the seven-line carbon spectryp
of the white crystalline A implies it has the structure

as shown for 18. An X-ray analysis (Figure 2) confirmed

40

this. B, an o0il, had a carbon gpectrum consistent with

-~

a mixture of 18 and epi-18. The b series gave similar

results, that is a white crystalline solid with an eight-

line spectrum consistent with 5, confirmed by X—ray40

(Figure 2), and an oil as a mixture of }9 and epij}?.
We therefore concluded that, given the proper relative
stereochemistry at the alcohol bearing centers, spirane
closure would occur in a stereospecific manner.

Next we investigated the equilibration of the methyl

group at C Although closure with the methyl group

15*
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22a

~ e~~~

Figure 2. Computer generated ORTEP drawings of spiranes

4, 5 and 22a.

~ -~~~
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axial would lead to a severe 1,3-diaxial methyl-methyl
interaction, we had no estimate for the offsetting A-1,2

strain due to an equatorial methyl. Based upon literature

41

precedent we believed that, even if closure should occur

with the C15 methyl axial, acid-catalyzed equilibration
could occur via a dihydropyran (eq 1).

Testing the equilibration of C required intro-

i5

duction of a methyl group at C Repeated attempts

15°
to hydrolyze vinyl sulfides under acidic or neutral con-

ditions42 led only to isolation of spiranes presumably

due to anchimeric-assisted hydrolysis (eq 2). In an
0
s OH (1)
0 / 0
CH,
e spiranes (2)

attempt to affect hydrolysis without proceeding through a
carbocation, we treated 16 and 17 with lithium diphenyl-
phosphide,43 but recovered only starting material. To
circumvent this problem we sought an alternate synthesis

of ketone 25. Conversion of bromide 14b to the corre-

~ o~
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sponding lithium reagent44 and quenching the reaction
with carbon dioxide gave good yields of ketone 25

(eq 3). Attempts to monomethylate either the ketone or
its corresponding dimethyl hydrazone,45 however, were

unsuccessful.

CH
EHs Br CHy HaC

(3)

We next turned our attention to the route outlined in

Scheme V. Conversion of known alcohol 20a to\the bromide

~ e~~~

Ae The sequen-

was accomplished as described previously.
tial bisalkylation and methylation of acetone imine 21 was
conveniently carried.out in a one-pot procedure.
Alkylation of acetone cyclohexylimine (z}) with two
equivalents of bromide gg? in the presence of two equiva-

lents of lithium diethylamide46 gave the bisalkylated imine

22a. The imine could be isolated or deprotonated in situ

~ o~~~

by addition of another equivalent of base and then
alkylated with methyl iodide. Acidic workup then

yielded a crystalline spirane (48%) identified as 23a and

~ o~~~

an 0oil (23b) which carbon-13 analysis indicated to be a

~

mixture of at least two different spiroketals (32%).

X-ray analysis of the crystalline spirane con-
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firmed its assignment as structure §§§.40 Treatment
of 23a with DCl in deuterium oxide (see experimental)
gave a single crystalline spirane in 80% yield.
Carbon-13 and 1H—NMR as well as mass spectral
analysis indicated an average of 1.5 deuterium per
molecule with complete incorporation at C15' We therefore
had convincing evidence that equilibration of the C15
methyl was possible. Further, whatever the magnitude of
the A-1,2 strain (very obviously present from the
deformations detectable in the X-ray structure), it is
less than the 1,3-diaxial methyl interaction.

Having satisfied ourselves that the configuration at
the spiro-ceénter (C14) could be controlled by the hydroxy-
bearing stereocenters, and that the configuration of the
could be controlled by equilibration, we

15
turned our attention to a chiral model synthesis.26 We

methyl at C

felt such ligands should be particularly successful as
ligands for chiral reducing agents because: 1) they
would have a Cz-axis of symmetry, 2) they would have
high conformational rigidity?7 Also, the chiral spiranes
could be incorporated into crown ethers similar to
Cram's chiral binaphthyls48 (Figure 4).

The required chiral bromide (gg) was prepared as
shown in Scheme VI. Diazotization of S-glutamic acid
(26) gave lactone 22.49 Reduction to the triol with

diborane50 and ketalization with acetone and mineral acid
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gave alcohol 28 in 40% yield from the amino acid. Careful
control of the diazotization of glutamic acid was crucial

in obtaining high optical yields of 28. The best optical
yilelds were realized if lactone 27 was used without
distillation (see experimental). Conversion to the

bromide (gg) followed standard procedures.32 Alkylation

of Ogura's reagent36 with 29 gave vinyl sulfide 30 which was
hydrolyzed with mercuric chloride38 to give a mercury com-
plex of spirane 31. X-ray analysis showed that mercury (as
HgClZ) had formed a linear complex with two molecules of
§}.4O Treatment with gaseous hydrogen sulfide sufficed to
Temove the mercury giving spirane 31 in 85% ee (see experi-
mental). Alternatively the vinyl sulfide could be hydro-

51 &

lyzed with trifluoroacetic acid. Carbon-13 and “H-NMR

confirmed the symmetrical nature of 31. Studies are cur-

~ ~

rently in progress to determine the utility of this chiral
bidentate ligand for asymmetric hydrogenation catalysts.52
In conclusion, we have shown that the facile con-
struction of spiroketals is possible by internal ketaliza-
tion. Control of the stereochemistry of the hydroxyl-bear-
ing centers allows complete control of the configuration of
the spiro-carbon. Finally, a methyl group at ClS can be
equilibrated to give the proper configuration at ClS'
The application of these studies to the total synthesis

of A-23187 will be reported shortly.53
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Experimental Section

B I I VT Ul U VPV

General. Diethyl ether, 1,2-dimethoxyethane (DME)
and tetrahydrofuran (THF) were dried by distillation from
benzophenone ketyl. Triethylamine, diisopropylamine and
diethylamine were distilled from calcium hydride under
nitrogen just prior to use. Dichloromethane was filtered
through activity I alumina. |

0il dispersions of potassium hydride (24%), sodium
hydride (50%) and lithium 2% sodium (50%) were washed
free of 0il with ether or pentane and dried under vacuum
prior to use. All Grignard and alkyllithium reagents
were standardized by the procedure of Watson and Eastham>?

Unless otherwise specified all reactions were run
under an inert atmosphere of nitrogen.

Melting points were determined with a Blichi SMP-20
melting point apparatus and are uncorrected. Infrared
spectra were recorded on a Beckman IR-4210 spectrophoto-
meter and are reported in cm_l. Proton nuclear magnetic
resonance spectra were recorded on a Varian Associates
Model T-60, A-60, or EM-390 spectrometer. Chemical shifts
are reported in parts per million on the ¢ scale relative
to tetramethylsilane internal standard. Data are reported

as follows: chemical shift, multiplicity (s = singlet,

d = doublet, t = triplet, q = quartet, m = multiplet),
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integration, coupling constants (Hz), and interpretation.
Carbon-13 nuclear magnetic resonance spectra were
recorded on a Varian Associates XL-100 (25.2 MHz) or
T-60 (15.1 MHz) spectrometer and are reported in parts
per million on the § scale relative to tetramethylsilane
internal standard. Mass spectra were recorded on a
DuPont MS 21-492B mass spectrometer at 75 eV. Mass
spectral analyses as well as combustion analyses were
performed by Dr. Susan Rottschaeffer, Mrs. Jan Mitchell
and Ms. Sally Muir of the California Institute of
Technology Microanalytical Laboratory.

Analytical gas chromatographic analyses were performed
on a Varian-Aerograph Model 1440 gas chromatograph
equipped with a flame ionization detector using 2 m by
3.18 mm stainless steel columns of 10% Carbowax 20 M,
or 10% SE-30 on 80-100 mesh DMCS Chromosorb W supporf.

1-Methoxy-4-methyl-1,4-cyclohexadiene (9b). The

S N N N e B e e R N e e

title compound was prepared by Birch reduction of 4-
methylanisole according to the procedure of Pappas et a1.5,5
in a 70% yield: bp 83-85°C (36 mm); IR (neat) 2820,
1690, 1663, 1450, 1385, 1217, 1172, 1010, 936, 775 cmhl; ly-
NMR (CDC13) § 5,30 (m, 1H vinyl), 4.49 (m, 1H, enol ether),
3.45 (s, 3H, -OCHS), 2,62 (d, 4H, J = 1.5 Hz, allylic -CHZ),
1.65 {5, 3H, vinyl -CHS).

(Z)-3-Methyl-3-hexen-1,6-diol (10b). A solution of

T T I T T e e e e i e
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12.5 g (0.1 mol) of l-methoxy-4-methyl-1,4-cyclohexadiene
in ether (250 mL) was cooled to -78°C. Ozone (0.82 mmol/
min) was bubbled through the stirred solution for 2 h.
The course of the reaction was monitored by GLC (5%
carbowax). After complete consumption of starting
material, lithium aluminum hydride (5 g, 150 mmol)

was added and stirring continuea at -78°C for 2 h
followed by warming to 25°C. After 3 h water (5 ml),

15% sodium hydroxide (5 mL) and then water (15 mlL)

were carefully added and the precipitate removed

by filtration. Removal of solvent in vacuo gave a
colorless 01l which was distilled bulb-to-bulb

at 120°C (0.01 mm) to yield 7.1 g (54%) of a clear,
colorless gil: IR (CHC13) 3619, 3380, 2962, 1445, 1374,

1;1H—NMR(CDC13)6 5.65 (t, 1H, J = 8 Hz,

1050, 877 cm
vinyl), 3.68 (t, 2H,J = 6 Hz, -OCH,-), 3.60 (t, 2H,J =
6 Hz, -OCHZ-), 2.67 (t,4H, d = 6 Hz, allylic —CHZ), 1.75

(sy 3H, allylie CHS); L8

C-NMR (CDCIB) § 134.5, 124.1,
62.0, 60.1, 35.0, 31.4, 23.4.
Anal. calcd. for C,H,,0,: C, 64.58; H, 10.84.
Found: €, 64.61; H, 10.65.
(2):3:Methyl-1,6-bis (phenylnethoxy) -3-hexene_(11n).
To 6.0 g (0.25 mol) of oil-~free sodium hydride suspended in
THF (250 mL) at 0°C was added 14.7 g (0.113 mol) of diol

10b in THF (60 mL) with stirring. After gas evolution

~ o~
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ceased, 31.6 mL (0.25 mol) of benzyl chloride (filtered
through alumina) in THF (60 mL) was added dropwise over

20 min. Following complete addition, a reflux condenser
was attached and the suspension was heated at reflux for

12 h. Water (30 mL) was carefully added followed by
removal of THF in vacuo. The residue was diluted with

150 mL hexane and the organic layer was washed successively
with water and brine, and dried (NaZSO4). Filtration and
solvent removal in vacuo afforded a yellow o0il which was
distilled bulb-to-bulb at 150°C (0.003 mm) to yield 27.7 g
(79%) of a colorless oil: IR (CC14) 3064, 3030, 2860,
1491, 1450, 1360, 1203, 1100, 1028, 728, 698 cm 1; TH-NMR
(CDCIS) § 7.23 (s, 10H, Ar), 5.27 (t, 1H, J = 6 Hz, vinyl),
4.42 (s, 4H, ;OCHzAr), 5.84 (t, 2H, J = 7.5 Hz, -OCHZ-),
3.45 (t, 2H, J = 7.5 Hz, -OCH,-), 2.35 (t, 4H, J = 7.5 Hz,
vinyl -CH,), 1.74 (d, 3H, J = 1.2 Hz, vinyl -CHj); 130 NMR
(CDC13) 5 138.4, 133.9, 128.2, 127.5, 127.3, 122.8; 72.8,
70,1, 68.%7, 32.4, 28.8, 23.,9.

Anal. calcd. for C21H2602: C, 81.25; H, 8.44.

Found: C, 81.20; H, 8.49.

(3R* ,4R*)-4-Methyl-1,6-bis(phenylmethoxy)-3-hexanol

B N o e S e T e e e e e e T e

(12b). To a solution of alkene 11b (27.7 g, 89 mmol) in
THF (250 mL) at 0°C was added diborane in THF (90 mL, 96
mmol) over a 10 min périod. After an additional 30 min

the reaction was warmed to 25°C and stirred for 18 h,
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then cooled in ice before careful addition of 3N sodium
hydroxide (120 mL) and 30% hydrogen peroxide (60 mL).
The reaction was warmed to 25°C and stirred 6 h then the
product was 1solated by partitioning between ether and
water. The ether layer was washed with water and dried
(Na,80,). Filtration and solvent removal in vacuo gave

a crude product which could be used directly or purified

by silica gel chromatography (30% ether/hexane) to give

22 g (75%) of colorless oil: IR (CC14) 3527, 3064, 3035,
2860, 1491, 1450, 1360, 1203, 1095, 1028, 728, 695 cm'l; 1y,
NMR (CDClS) $ 7.31 (s, 10H, Ar), 4.50 (s, 4H, Ar—CHZ-O), 3.63

(t, 4H, J

1n

6 Hz, -OCH,-), 3.40-3.80 (m, 1H, -OCH-), 2.90

(d, 1H, J

3 Hz, -0H), 1.45-1.92 {(m, SH, ~CH
13

2" and -CECHS),

0.88 (d, 3H,J = 7 Hz, -CH,); C-NMR (CDC1;) & 138.5,

128.3, 127.5, 73.2, 73.0, 698.3, 68.7, 36.1, 33.8, 33.3,
14.0.

Anal. calcd. for C21H2803: €, 76.79; H, 8.59.
Found: 76.63; H, 8.46.

(3R*)-3-[(4R*)-2,2-Dimethyl-1,3-dioxacyclohex-4-yl]-

B e e e T e e e e e e e e I e T e i e e e e 2

R N e e e e e T

ether 12b in acetone (200 mL) containing 10% palladium

~ ~a

on charcoal (1.0 g ) was hydrogenolyzed at 25-30 psi for

12 h on a Parr low-pressure hydrogenator. Catalyst
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filtration and removal of solvent in vacuo gave a

clear o0il which was dissolved in a solution of acetone
(20 mL) and benzene (30 mL) containing one crystal of
p-toluenesulfonic acid and stirred for 5 h. Following
addition of KZCOS’ filtration and removal of solvent
in vacuo, the residue was distilled bulb-to-bulb at 80°C
(.005 mm) to yield 4.4 g (77%) of a colorless oil:

iR (CC14) 3450, 2990, 2960, 28935, 2870, 1375, 1267, 1194,

1095, 966 cm t; 'H-NMR (CC1,) 8 3.41-3.98 (m, 5H, -OCH,- and

-OCH-), 2.34 (broad s, 1H, -OH), 1.00-1.91 (m, 5H, -CH,-,

‘CECH3)’ 1.37 (s, 3H, acetonide CH3), 1.28 {8, 3H, acetonide

CHy), 0.98 (d, 3H,J = 7 Hz, -CHg); °

C-NMR (CDC13) S
98.4, 72.6, 60.7, 60.0, 35.4, 35.1, 29.8, 24.5, 19.8, 15.1.

Anal. calcd. for ClOHZOOS: G, B3.80; H, 10.71-
Found: C, ©4.0Z; H, 10.34.

(3R*)-1-Bromo-3-[(4R*)-2,2-dimethyl-1,3-dioxacyclohex-

A R A A N AN A A N A A N ARV AN A A N R AR A A A N R A A A Y A A A A A A R R A A R A A Y A e A A

B I N R I VI M T T

was dissolved in methylene chloride (30 mL) and cooled
in an ice bath. Next, with stirring, triethylamine
(1.62 mL, 10.6 mmol) was added, followed by dropwise
addition of methanesulfonyl chloride. After complete
addition (ca. 5 min), the reaction was stirred for 1 h
at 0°C during which time triethylamine hydrochloride
precipitated. Dilution with dichloromethane (20 mL)

followed by washing with water, drying (Na2804),
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filtration, and removal of solvent in vacuo at 25°C

gave the straw colored mesylate: IR (neat) 2990, 2963,
2868, 1453, 1365, 1193, 1168, 1097, 970, 940 cm 1; 1H-NMR
(CC14) 6 4.25 (t, 2H,J = 6 Hz, MsOCHZ-), 3,80 {dd, 2H,

J =3, 6.5 Hz, —OCHZ-), 3.65 (m, 1H, -OCH-), 2.95 (s, 3H,
-SOZCHS), 1.49-2.05 (m, M{,-CHZ-, ~CH=), 1.38 (s, 3H,
acetonide CHS)’ 1.28 (s, 3H, acetonide CHS)’ 0.93 [d, 3H,
J = 6 Hz).

The mesylate was dissolved in acetone (15 mL) and
2,2-dimethoxypropane (15 mlL) and anhydrous lithium bromide
(4.5 g, 54 mmol) were added and the resultant mixture heated
at reflux for 5h. The crude bromide was isolated by removing
excess solvent in vacuo, dissolution of the residue in
ether-hexane (1:1) and partitioning with water. The
organic layer was dried (NaZSO4) filtered and solvent re-
moved to give a yellowish o0il which on distillation at 60°C
(.03 mm) gave 1.65 g (78%) of an unstable colorless
bromide: IR (CC14) 28960, 1502, 1375, 1265, 1215, 1195,
1168, 1100, 1063, 1000, 968 cm-l;lH-NMR(CDC13)6 4.00
(£, 1H, J = 3.5 Hz, -OCHZ-), 3.83 (d, 1H, J = 3 Hz, -OCHZ-),
3.52-3.80 (m, 1H, -OCH-), 3.50 (t, 2H,J = 7.5 Hz, BrCHz—),
1.08-2.10 (m, S5H, -CH- and —CHZ—), 1.42 (s, 3H, acetonide
CHSJ, 1.35 (s, 3H, acetonide CHS)’ 0.90 (d, 3H,J = 6 Hz,
-CH;); T°C-NMR (CDC1;) & 98.2, 71.9, 60.0, 37.2, 36.4,

32.4, 31.3, 29.8, 28.4, 14.1.
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Exact mass (75 eV) m/e, calecd. for €, H;,;0

10819 Br, M-CH,:

2 2

235.033. Pound: 235.031.
(2R*,8R*)-2,8-Bis-[(4R*)-2,2-dimethyl-1,3-dioxacyclohex-

e e i e e e e e e e e e e I T T VI P I I I
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To a dry, three-neck, 100-mL, round-bottomed flask equipped
with a reflux condenser, nitrogen inlet, rubber septum

and magnetic stirring bar was added potassium hydride

(24% in oil, 2.2 g, 56 mmol). The oil was removed by
several washings with ether then THF (37 mL) was added.

To the ice-cooled stirred suspension was added methyl
methylsulfinylmethyl sulfide (0.86 mL, 6.9 mmol) dropwise
over a 5 min period. After stirring 15 min, bromoacetonide
14b (3.5 g, 14 mmol) was added and stirring continued for
0.5 h at 0°C, 1 h at 25°C and 1 h at 45-55°C (o0oil bath).
Excess hydride was quenched with moist ether and the

crude product was isolated by ether extraction.
Purification by chromatography (alumina activity III,
hexane to 70% ether/hexane) gave pure vinyl sulfide

(1.1 g, 75%) as a mixture of olefin isomers: IR

(CC14) 2990, 2960, 2865, 1620, 1455, 1377, 1366, 1270,
1240, 1195, 1097, 970, 850 cm-l; 1H-NMR (CC14) § 5.55 [,
0.4H, J = 7 Hz, E-vinyl), 5.05 (t, 0.6H, J = 7 Bz, Z-vinyl),

3.89 (t, 2H, J = 3 Hz, -OCHZ-), 3.75 {(d, 2H, J = 3 Hz,
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-OCH,-), 3.18-3.64 (m, 2H, -OCH-), 2.13 (s, 3H, -SCH,),

1.1-1.8 (m, 10H, CHg-CH-, -CH,-, allylic CH,-), 1.37 (s,

3 2
6H, acetonide CHS)’ 1.28 (s, 6H, acetonide CHS)’ 0.89 (d,
6H, J = 6 Hz, CHg).

Exact mass (75 eV) m/e, calcd. for C22H4OO4S: 400.264.

Found: 400.262.
(2R*,3R*,8R*,9R*}-2,8-Bis- (2-hydroxyethyl)-3,9-dimethyl-

1,7-dioxaspiro[5.5]undecane (5). To a solution of vinyl

B e N e e T s T I N P P P D )

sulfide %9? and {ZE (1.70 g, 4.25 mmol) in 75% aqueous
acetonitrile (40 mlL) was added mercuric chloride (2.8 g,
8.8 mmol) at 25°C. Within minutes a white precipitate
had formed. The resultant suspension was stirred for 10 h,
benzene (100 mL) was added and water was removed by azeo-
tropic distillation (Dean Stark). Filtration and solvent
removal gave a colorless oil. Chromatography on Silica
Gel (1:1 ethyl acetate/hexane) gave an oil (0.33 g, 30%)
which solidified on triturationwith hexane, mp. 86-88°C
(hexane): IR (CHClS) 3600, 3410, 2965, 2935, 1462, 1383,
1368, 1227, 1120, 1077, 1035, 982, 950, 884 cm '; IlH-NMR

(CDC13) § 3,01-4,.35 (m, 6H, -0OCH =DCH-~), 2.72 (8, 2ZH,

2_:
-OH), 1.07-2.26 (m, 14H, -CH- and -CHZ-), 0.94 (4, 6H,
J = 6.8 Hz, —CHS); 13C-NMR (CDC13) § 95.9, 67.1, 59.1,
36.2, 30.8, 30.0, 26,6, 11.1.

Anal. calcd. for C15H2804: C, 67:103 H, 10.36.

Found: C, 66.92; H, 10.23.
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(Z)-3-Hexen-1,6-diol (10a). The title compound was

T I R e e e e e e L S I VP P R

prepared according to the procedure described for diol

10b. Ozonolysis and reduction of dihydroanisole (11 g,

~~ o~

0.10 mol) gave diol 10a (4.6 g, 40%), bp. 80°C (0.1-0.05

mm): IR (CHCl;) 3619, 3380, 2962, 1447, 1370, 1050, 870

em™; TH-NMR (CDC1,) § 5.56 (t, 2H, J = 4.5 Hz, vinyl),

4.06 (broad s, 2H, -OH), 3.51 (t, 4H, J = 6.5 Hz, -CH,0-),
2.33 (t, 4H, J = 6 Hz, allylic CHZ-); mass spectrum (75
eV) m/e (rel intensity) 98 (13), 68 (100), 67 (48), 55
(39).

(£)-1,6-Bis(phenylmethoxy)-3-hexene (l1la). The title

B R e e R e i T e e e e i e e e e

compound was prepared according to the procedure described

for diether 11b. Benzylation of diol 10a (11.6 g, 0.10 mol)

~ ~ ~ e~

gave diether 1la (27.1 g, 92%), bp. 140°C (0.002 mm):

~a~ ~

IR (CCl,) 3030, 2860, 1490, 1448, 1360, 1202, 1100, 1025,

725, 695 cm '; 'H-NMR (CCl,) § 7.17 (s, 10H, Ar), 5.44

(t, ZH, J

n

4.5 Hz, vinyl), 4.25 (s, 4H, Ar-CHZO-), 3.35
(t, 4H, J

6.5 Hz, -OCH,-), 2.30 (d, t, 4H, J = 5.5, 6.5

Hz, allylic CHZ-); 13

72.9, 70.0, 28.2.

C-NMR (CDCIS) 6 128.29, 127.56,

Exact mass (75 eV) m/e, calcd. for C20H2402, P-C7H7:

205.123. Found: 205.122.

4—Methzl—116-Bis(Ehenylmethoxy)-3-hexanol (12a). The

~ e~~~ ~vm Kl v~~~ A~ T T I U S R R R L VL VI VI P VP VIR U VD P o)

title compound was prepared according to the procedure

for alcohol 12b. Hydroboration of olefin 1lla (27.1 g,

~ o~ ~ o~
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0.092 mol) gave alcohol 12a (31.0 g, 100%): IR (CC14)

~ e~ ~

5535, 2920, 2860, 1448, 1360, 1201, 1094, 1026, 725,

693 cm™1;  lH-NMR (CC1,) & 7.21 (s, 10H, Ar), 4.47 (s,

4H, -OCHZAT), 3.63 {(t, 4H, J = 6.3 Hz, -OCHZ-), 3. 32-3.54

(m, 1H, -OCH-), 3.10 (broad s, 1H, -OH), 1.34-1.92 (m, 6H,

.13
-CH,-);

68.8, 36.9, 34.5, 26.1; mass spectrum (75 eV) m/e (rel

C-NMR (CDC13) & 128.3, 127.6, 73.2, 72.9; 70.5,

intensity) 208 (5), 108 (62), 107 (81), 91 (100), 79 (57),
77 {33).

3-(2,2-Dimethyl-1,3-dioxacyclohex-4-yl)propanol (13a).

i i e e e e e e T T R I T P VI I VP VI VI U WP G i PP AU

The title compound was prepared from alcohol 12a accord-

~

ing to the procedure for acetonide 13b. Hydrogenation of

~ o~~~

alcohol 12a (9.4 g, 30 mmol) gave acetonide 13a (3.68 g,

~ o~ o~

72%), bp. 75°C (0.025 mm): IR (CC14) 3360, 2940, 2860,

1373, 1360, 1210, 1192, 1048, 963 cm 1; TH-NMR (CDC14) &

3.35-4.10 (m, 6H, -OH, -OCH -OCH-), 1.4-1.9 (m, 6H,

2_’
—CHZ-), 1.41 (s, 3H, acetonide CH3), 1.35 (s, 3H, aceto-

13

nide CHS); C-NMR (CDC13) s 98.9, 69.6, 62.7, 60,5,

33.8, 32.2, 30.4, 29.1, 19.6.

1-Bromo-3-(2,2-dimethyl-1,3-dioxacyclohex-4-yl)-

B I e e e e e e U S IR VI VIP UL Ui P U O

propane (l4a). The title compound was prepared according

~Ma A v A~ A s A~~~ A

to the procedure for bromide 14b. Reaction of alcohol

~ o~ o~

13a (3.68 g, 21.6 mmol) gave bromide 1l4a (3.73 g, 70%),

~ o~ -~

bp. 50°C (0.03 mm).
Mesylate: IR (CC14) 2980, 2940, 2855, 1360, 1337,

~ e~~~
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1240, 1192, 1170, 1095, 963, 935, 855 cm '; TH-NMR (CCl,)

8§ 4.16 (t, 2H, J = 6 Hz, -SO,CH,-), 3.82 (dd, 2H, J = 4.5,

8 Hz, -OCH,-), 3.52-3.87 (m, 1H, -OCH-), 2.90 (s, 3H,

CH3503-), 1.39-2.18 [m, 6H, —CHZ-), 1.35 (s, 3H, acetonide

CH3), 1.25 (s, 3H, acetonide CH3)-
Bromide was distilled bulb-to-bulb at 50°C (.03 mm)
to give a colorless oil: IR (CC14) 2990, 2945, 2863,

1435, 1375, 1365, 1265, 1240, 1195, 11106, 1050, 967, 858

en™;  H-NMR (CC1,) 6 3.78 (dd, 2H, J = 4, 9.5 Hz, -OCH,-),

3.55-5%.85 (m, 1H, =0CH-); 3.33 {t; ZH, J = 6.5 Hz, BrCHZ—),

1.18-2.33 (m, 6H, -CHZ—), 1.33 (s, 3H, acetonide CHS)’

13

1.23 (s, 3H, acetonide CH3); C-NMR (dé-acetone) S

g9.0, 68.9, 60.3, 35.8, 34.5, 32.2, 30.4, 29.5, 19.6.
Anal. calcd. for C9H17Br02: s 45:.58; H, 7.23.
Found: C, 45.35; H, 6.94.

1,7-Bis-[(4R*)-2,2-dimethyl-1,3-dioxacyclohex-4-yl]-
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compounds were prepared from bromide 14a according to the

~ o~ o~

procedure for vinyl sulfides 16b and 17b. Alkylation of

~ e~ ~ o~~~

Ogura's reagent36 (0.47 g, 3.8 mmol) with bromide 1l4a

~ e~

(1.9 g, 8.0 mmol) gave vinyl sulfides 16a and 17a.

~ o~ ~ -

Purification by column chromatography on alumina (neutral,

activity III, gradient from hexane to 70% ether/hexane)
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gave a colorless oil (1.07 g, 76%): IR (CC14) 2995, 2850,
2870, 1455, 1430, 1375, 1365, 1270, 1197, 1162, 1097,
967, 870, 850 cm 1; LH-NMR (cC1,) & 5.53 (t, 0.5H, J =

6.5 Hz, (E)-vinyl), 5.09 (t, 0.5H, J

7 Hz, (Z)-vinyl),
3.50-4.14 (m, 6H, -OCH- and -OCH,-), 2.15 (s, 3H, -SCHy),

1.90-2.40 (m, 4H, allylic CH,-), 1.40-1.85 (m, 10H, -CH,-),

1.42 (s, 6H, acetonide CHS)’ 1.35 (m, 10H, -CHZ-), 1.42

(s, 6H, acetonide CH;), 1.35 (s, 6H, acetonide CHg): ' C-

NMR (CDC1,) & 129.8, 122.2, 97.8, 68.5, 68.2, 67.8, 59.7,
36.6, 36.0, 35.7, 31.3, 29.9, 24.7, 24.2, 23.9, 19.2, 14.7.

Exact mass (75 eV) m/e, calcd. for C20H36O4S: 372.233.

Eound: 372.2385.

(2R*,8R*)-2,8-Bis- (2-hydroxyethyl)-1,7-dioxaspiro[5.5]-
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dioxaspiro[5.5]undecane (18). The title compounds were

B e e - T I I T e e

prepared from vinyl sulfides 16a and 17a as for the pre-

~ o~ o~ ~~ o

paration of spirane 5. Hydrolysis of vinyl sulfides 16a

~ o~ o~

and 17a (1.07 g, 2.88 mmol) and purification by chromatog-
raphy on alumina (neutral, activity III, gradient elution
from ether to 3% methanol/ether) gave (2R*,8R*), spirane

4 (0.317 g, 44.5%), mp. 97-98°C (hexane): IR (CC14)
3600-3100, 2930, 2860, 1430, 1275, 1195, 1140, 1110,

1085, 1075, 1050, 1030, 970, 900 cm™'; lH-NMR (CDC1,) ¢
3.80-4.20 (m, 6H, -OCH,- and -OCH-), 3.17 (broad s, 2H,

2
13

-OH), 1.31-2.00 {m, 12H, -CHZ-); C-NMR (CDCIS) § 96.0,
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66.8, 59.4, 38.4, 35.1, 31.1, 19.0.
(2R*,8S*) Spiroketal 18 (20%) as an oil: IR (CHClS)
3610, 3600-3200, 2000, 2940, 2870, 1440, 1375, 1080, 1055,
900 cm 1; 1H-NMR (dg-DMSO)§ 3.80-4.20 (m, 4H, -OCH-, -OH),
5.60 (t, 2H, J = 7 Hz, -OCHZ-), 3.45 (t, 2, 3 = 7 HZ,OCHZ),
1.00-2.00 (m, 1 H, -CH,-); " C-NMR (CDCl;) & 97.8, 72.5, 70.3,
©60.8, 60.6, 38.0, 36.0, 30.9, 30.7, 28ﬂ3, 19.5, 16.53
Anal. calcd. for C13H24O4: C, 63.9; H, 9.9. Found:
C, 64.1; H. 9.6.

1y dloxacyclolex-0 ¥l 3 momapone. & 50% oil

dispersion of lithium powder containing 2% sodium as

an amalgam was placed in a three-neck, 50-mL, round-bottomed
flask under an argon atmosphere and o0il removed by wash-
ing with ether (4 x 20 mL). The powder (0.33 g, 47.5
mmol) was suspended in ether (10 mL), cooled to -10°C

and bromide 14b (2.3 g, 9.1 mmol) was added in ether

(10 mL) over 0.5 h. Stirring was continued for 2 h
(analysis by GLC, 5% SE-30). The purple colored sus-
pension was cooled to -20°C and carbon dioxide gas was

passed through the reaction for 2 min (ca. 50 mL/min).

The reaction was quenched by slowly adding it to
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vigorously stirred ice-cold water (50 mL).

Extraction with ether (80 ml), drying (Na2504),

filtration and removal of solvent gave a yellow oil.
Bulb-to-bulb distillation at 180°C (.03 mm) gave 1.01 g
(60%) of a colorless oil: IR (CC14) 2995, 2975, 2870,
1712, 1456, 1378, 1368, 1270, 1240, 1197, 1098, 870, B804
cm'l; lH-NMR(CC14)5 3.87 {t, 2H, J = 3 Hz, -OCH,-), 3.7Z
(d, 2H, J = 3.2 Hz, -OCH,-), 3.34-3.72 (m, 4H, -OCH-},
2.37 (t, 4H, J = 6.5 Hz, -COCH,-), 1.1-1.91 (m, 10H,

-CH- and —CHZ—), 1.36 (s, 6H, acetonide CHS), 1.26 (s, 6H,

13

acetonide CHS)’ 0.86 (d, 6H, J = 5.5 Hz, —CH3); C-NMR

(dé-acetone) § 221.7, 98.3, 72.7, 60,2, 40.6, 38.1, 30.2,

28,9, 27,0, 19.5, 14,8,

Exact mass (75 eV) m/e, calcd. for C,,H,,0,, M-CH;:

369.264. Found: 369.264.
Treatment with 10% hydrochloric acid/THF at 25°C

gave spiroketal 5, as characterized above.

D I N T I I~ e T e T T VI S I U T Ui VI VI,
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method of Servis.32 Reaction of alcohol 20a (5.9 g, 36.8

~ e~

mmol) gave bromide 20b (7.06 g, 86%), bp. 54°C (4.0 mm).

~ o~~~

Mesylate: IR (neat) 2980, 2956, 1455, 1350, 1212,
1170, 1057, 958, 850 cm-l;lH-NMR(CDCIB)G 4,10 (d, 2H,
J = 6 Hz, MSOCHZ-), 3.87-4.18 (m, 2H, -OCHZ-), 3.45-

35.84 (m, 1B, -O0CH-), 2.89 (s, 3H, -SOZCHS), 1.67=2.28
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b

(m, 1H, -CH-), 1.37 (s, 3H, acetonide CHS)’ 1.30 (s, 3H

13

acetonide CHS)’ 1.01 (d, 3H, J = 7.5 Hz, -CH3); C-NMR

(CDC1,) 6 108.5, 75.6, 71.4, 66.7, 37.0, 35.9, 26.3,
25.0, 11.4.

Exact mass (75 eV) m/e, calcd. for C9H18055: 238.089.

Found: 238.087.
Bromide: Distillation at 73°C (.04 mm); IR (neat)

~~ A~~~

2980, 2935, 2875, 1450, 1375, 1365, 1254, 1210, 1150, 1060,
1000, 850 cm-l;lH-NMR(CDCIS)G 4.06 (AZB pattern, 2H,
-OCHZ-), 3.54-3.78 (m, 1H, -OCH-), 3.00-3.52 (AZB pattern,
-CHZBr), 1.90 (m, 1H, -CH-), 1.40 (s, 3H, acetonide CHS),
1.33 (s, 3H, acetonide CH3), 1,87 {d, 3H, J = 6.9 Hz,

130 nvr (CDC1;) & 108.8, 77.3, 66.9, 38.6, 36.4,

2h.3, 25.2; 14.4.
Anal. calcd. for CSHlsBrOZ: c, 43.07; H, 6.8.

Found: €, 42,85; H, 6.76.

s o DIRE O S e ~ T~ -~~~ B e e e e e e e TV o T
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(20 mL) solution of diethylamine (5.36 mL, 51.8 mmol) in a
three-neck, 100-mL round-bottomed flask (flask 1) equipped
with a thermometer, septum, magnetic stirring bar, and
nitrogen inlet was cooled to -20°C (internal temperature)
and n-butyllithium in hexane (20.5 mL, 49.8 mmol) was
added. After 0.5h, hexamethylphosphoric acid triamide

(1 mL) was added followed by the addition of acetone
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cyclohexylimine (21)56 (3.31 g, 23.8 mmol) at -20°C.
The reaction was warmed to -5°C, stirred for 3 h then
cooled to -60°C and bromide 20b (11.0 g, 47.3 mmol) in THF
(12 mL) was added. Stirring was continued at -60°C
for 1 h followed by warming to 25°C for 12 h.

To a separate three-neck, 250-mL round-béttomed
flask (flask 2) equipped with a septum, magnetic stirring
bar, thermometer and nitrogen inlet cooled to -20°C were
added 1) diethylamine (2.69 mL, 26 mmol) in THF (20 mL)
and 2) n-butyllithium in hexane th.S mL, 25.1 mmol).
After 0.5h, the solution was cooled to -50°C (internal).
The alkylated imine (flask 1) was cooled to -50°C
and transferred into flask 2 by cannula. Flask 1 was
rinsed with THF (10 mL) which was also transferred to
flask 2. The solution in flask 2 was stirred for 1 h at
-50°C; then warmed to -5°C for 2 h followed by recooling
to -50°C and methyl iodide (1.9 mL, 30.0 mmol) was added.
After 1 h the reaction was warmed to 25°C and stirred for
12 h. Hydrolysis of imine ZZP was accomplished by the
addition of excess concentrated aqueous hydrochloric
acid (20 mL) to the cooled reaction mixture followed by
 heating at reflux for 4 h. The desired spiranes were
isolated by ether extraction (4 x 50 mL), drying (NaZSO4),

filtration, and removal of solvent in vacuo to afford a

yellow o0il. Purification by column chromatography on
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alumina (neutral, activity III, gradient from ether to 5%
methanol/ether) gave two components. The less polar mate-
rial (1.0 g, 48%) solidified by trituration with hexane

mp. 75-77°C (hexane), was determined to be spiroketal 23a

L5

by C-NMR analysis and later by X-ray crystallography.

The minor component (0.62 g, 30%) was present as a more

polar component which was presumed to be spiroketal 23b

~ ~ ~

as a mixture of ketal isomers.

P e T U I A,

1375, 1365, 1245, 1210, 1158, 1060, 860, 690 cm T; lH-NMR

(CC14) 6§ 3.45-4.08 (m, 7H, -CHO-, -CH,0-, -CHN-), 2.01-

Z
2.33 (m, 4H, -CHZ-, alpha to imine carbon), 1.13-1.95

(m, 16H, -CHZ- and -CH-), 1.32 (s, 6H, acetonide CHS)’

1.25 (s, 6H, acetonide CHS)’ 0.93 (d, 6H, J = 6 Hz, -CHS).

Nggbz}gzgg~}@}§§~§§§: IR (CC14) 2970, 2925, 2830, 1647,
1442, 1370, 1362, 1243, 1205, 1155, 1060, 853 cm 1; Ly nR
(cCl,) & 3.32-4.05 (m, 7H, -CHO-, -CH,0-, -CHN-), 1.90-
2.42 (m, 3H, —CHZ- and -CH- alpha to imine carbon),
1.10-1.90 (m, 16H, -CHZ- and -CH-), 1.28 (s, 6H, acetonide
CHS), 1.23 (s, 6H, acetonide CHS)’ 0.97 (d, 3H, J = 6.5
Hz, -CH;), 0.92 (d, 3H, J = 6 Hz, -CH;), 0.90 (d, 3H, J =
6 Hzy -CHg).

Exact mass (75 eV) m/e, calcd. for C26H47NO4: 437.352,

Found: 437.354.

N e e e e e T
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1460, 1382, 1368, 1225, 1110, 1075, 1035, 980, 950 cm 1; IH-
NMR (CDCl;) & 3.78-4.02 (m, 2H, -OCH-), 3.40-3.78 (m, 4H,
—OCHZ-), 2.87 (broad s, 2H, -0H), 1'05-2f21 (m, 9H,
—CHZ- and -CH-), 0.88 (broad d, 9H, J = 6.5 Hz, —CH3);
130 R (CDC1,) & 98.0, 71.6, 71.2, 64.4 (two carbons),
35.5; 32.8, 29.4, 28,0, 26.5, 26,0, 16.2, 12.2, 11.4,
1412604°
Found: C, 64.76; H, 9.95.

Anal. calcd. for C Gy 65.093; H, 10.14,

Mass spectrum (75 eV) m/e (rel intensity): 258 (5), 244
(5), 227 (24), 213 (56), 195 (22), 184 (81), 145 (100).
Spiroketals 23b were isolated as an oil: IR (CHCIS)

~ o~

3590, 3420, 3000, 2960, 2935, 2875, 1450, 1375, 1210,

1110, 1070, 1015, 980, 945, 900, 720 cm *; TH-NMR (CDC1y)

§ 3.31-4.33 (m, 8H, -OCH-, -OCH,OH), 1.11-2.48 (m, 9H,
-CH-, -CH,-), 0.88 (d, 6H, J = 6.5 Hz, -CH;), 0.78 (d, 3H,

13

J = 6.5 Hz, -CH3 alpha to spirocenter); C-NMR (CDC1

3)
§ 110.2, 108.1, 96.0 (indicates three different spiroketal

carbons).

P e T i e e e e e B i e e e i )

of spiroketal 23a (0.22 g, 8.4 mmol) in THF (6 mL) was added
deuterium chloride in deuterium oxide (2 mL, 38% solution).
The mixture was heated at reflux for 18 h. Spiroketal was

isolated as previously described for spirane 23a, toyield a

white crystalline solid (80%) mp. 75-77°C (hexane): IR
(CHC13) 3600, 3400, 2230, 2160, 1455, 1380, 1360, 1225,
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1125, 1100, 1075, 1030, 980, 915 cm '; 'H-NMR (CDC1,) 6

3.42-4.10 (m, 6H, -CH,0-, -CHO-), 3.33 (broad s, 2H, -OH),

2
1.17-2.33 (m, 7-8H, -CH
13

,=» -CH-), 0.84 (broad d, 9H, J =

6.5 Hz, 'CHS); C-NMR (CDClS) & 97.8, 71.5, 71.2, 64.55,
64.47; 35.4, 32.6 [triplet), 29.3; 28.0, 26.3, 26.1; 16.1
(broadened), 12.2, 11.4.

Lisl A kerboxy oxacyclopentanndzone \27). Te [28)-
glutamic acid (100 g, 0.68 mol) in water (250 mL) was
added concentrated hydrochloric acid (38%, 96 mL, 1 mol)
and the resultant solution cooled to 0-5°C with an ice-
salt bath. A solution of sodium nitrite (71 g, 1.03 mol)
in water (150 mlL) was added dropwise during 5 h at such a
rate that the temperature did not exceed 5°C. After complete
addition, the reaction mixture was warmed to 25°C and stirred
12 h. Concentration under reduced pressure at 40°C gave an
0ily residue that was dissolved in hot acetone and filtered
to remove inorganic salts. Purification gave lactone 27
(65.7 g, 74%) bp. 155-160°C (0.1-0.2 mm, 1it. 150-155°C
at 0.2 mm); [cx]D = +12.5° (C = 3.25, ethanol).

2-1048) -0, 2 -dimethyl L, 30 omecyelobec 7 yLlpropnuol
THF (100 mL) was added to a 2-liter, 3-neck, round-bottomed
flask equipped with a septum, overhead mechanical stirrer,

nitrogen inlet and reflux condenser and cooled to 0°C in

an ice-salt bath. Diborane (1000 mL of a 1 M solution
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in THF) was added slowly. After 50% addition (hydrogen
evolution ceasesb the rate of addition was increased.

The reaction was heated to reflux for 20 h. Cooling was
followed by destruction of excess borane with methanol
(300 mL). After a further 5 h reflux, the reaction was con-
centrated by atmospheric distillation of THF, methanol
and trimethylborate. The residue was redissolved in
methanol (300 mL) and evaporated to dryness in vacuo;

then benzene (300 mL), acetone (300 mL) and sulfuric

acid (1 mlL) were added. Stirring was continued for 12 h
at which time potassium carbonate (30 g) was added to
neutralize the acid. Filtration and removal of solvent
in vacuo gave an o0il which was distilled at 80-87°C (1 mm)
to give 30 g (51%) of a clear colorless oil: IR (CC14)
3600-3200, 2980, 2940, 2870, 1470, 1450, 1375, 1365, 1245,
1210, 1155, 1050, 848 cm'l; 1H—NMR.(CC14)6 3.90-4.30 (m,
A -CEZOH), 3.35-3.90 (m, 4H, -0CH, -, -OCH-, -OH), 1.55-
1.90 (m, 4H, -CHZ—), 1.34 (s, 3H, acetonide CHS)’ 1.28

(s, 3H, acetonide CHgz); Al

C-NMR (CDCIS) § 108.6, 75.9,
69.3, 61.9, 30.3, 29.2, 27.0, 25.7; [a]D = +7,1° (C =
1.747, CC14).

Anal. calcd. for C8H1603: €y 59.98: H, 10.07.
Found: €, 60.01; 9.82.

1-Bromo-3-[(4S)-2,2-dimethyl-1,3-dioxacyclohex-4-yl]-

A A A A A A R A A A R R U A A A A A e e A v A e A R AU e v v A s e e A e e v e e e e A Au A A e A
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propane (29). The title compound was prepared by the

method of Servis.32 Reaction of alcohol 28 (12.3 g, 77

mmol) gave bromide gg (12.12 g, 70%).

Mesylate: NMR (CCl,) 6 4.25 (t, 2H, J = 6.5 Hz,
-SOSCHZ-), 5.85-4,32 (AZB, 2H, -OCHZ-), 3.3~-3.6 (m, iH,
-0CH-), 3.00 (s, 3H, -SOSCHS), 1.43-2.20 (m, 4H, -CHZ-),
1.37 (s, 3H, acetonide CH3), 1.32 (s, 3H, acetonide CHS)'

Bromide was distilled at 56°C (0.07 mm) to give a
colorless oil (70%): IR (CC14) 2980, 2935, 2870, 1455,
1430, 1245, 1205, 1150, 1100, 1060, 968, 852 cm 1; lH-nMR
(CC1,) & 3.78-4.18 (A,B, 2H, -OCH,), 2.90-3.61 (m, 1H,

-0CH-), 3.44 (t, 2H, J = 6.5 Hz, =80 CHZ-), 1.34-2.20

3
(m, 4H, -CHZ-), 1.33 (s, 3H, acetonide CHSJ, 1.27 {8, 3H,

acetonide CH3); 13

C-NMR (CDClS) § 108.7, 75.1, 69.2, 32.8,
32.3; 29.5, 27.0, 25.6; [a]D = -1° (C = 1.03, benzene).

Exact mass (75 eV) m/e, calcd. for C7H12Br02, M-CHS:

207.003, 209.001. Found: 207.002, 209.002.
1,7-Bis-[(4S)-2,2-dimethyl-1,3-dioxacyclohex-4-y1]-5-

P R I VPV VI S VP -war S, T T e e I e e e e I I g

(methylthio)-4-nonene (30). The title compound was

T I I T I I I T e e e e

prepared from bromide 29 according to the procedure for

~ ~

vinyl sulfides }9? and }ZP. Alkylation of Ogura's
reagent36 (12.6 g, 0.102 mol) with bromide 29 (45.5 g,
0.204 mol) gave vinyl sulfide §9. Purification (neutral
alumina, activity-III, gradient from hexane to 50%

ether/hexane) afforded a 57% yield of an oil: IR (CC14)
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2980, 2935, 2870, 1450, 1375, 1365, 1245, 1210, 1159,
1130, 1100, 1062, 855 cm_l;lH-NMR(CC14)6 6.35 (t, 0.5H,
J=7.5 Hz, E-vinyl), 5.02 (t, 0.5H, J = 7.0 Hz, Z-
vinyl), 3.78-4.17 (AZB, 4H, -OCHZ-), 3.38 (apparent t,
2H, J = 9.0 Hz, -OCH-), 2.03-2.48 (m, 4H, allylic CH,-),
2.15 (s, 3H, -SCHS), 1.30-1.78 (m, 6H, -CHZ-), 1:32 (8,
6H, acetonide CHS)’ 1.27 (s, 6H, acetonide CH3).

Anal. calcd. for C18H3204: cC, 62.75; H, 9.35.
Found: G, 63.02; H, 9.20:

(25,85)-2,8-Bis(hydroxymethyl)-1,7-dioxaspirc[5.5]~

MNAaRNAAR A Aa~rR v A A AM MM R A A A A A M A M A M A A A A S A AN A A A A A A A N A A A

undecane (31). Vinyl sulfide 30 (300 mg, 0.87 mmol) was
dissolved in trifluoroacetic acid (2 mL) and water (2 mL);
then stirred overnight at 25°C. Benzene (30 mL) was

added and water removed by azeotropic distillation.

Dilution with ether, drying (MgSO4), filtration and

solvent removal in vacuo gave 368 mg of crude product.

IR (CC14) 1780 cm_l. Dissolution in 75% aqueous methanol
(10 mL) containing potassium carbonate, refluxing for

3 h; then dilution with water and ether-methylene
chloride (1:1) gave, after drying (MgSO4), filtratien

and evaporation to dryness, 186 mg of an oil.
Chromatography (neutral alumina, activity III, gradient
from dichloromethane to 5% methanol/dichloromethane)

mp. 96.0-96.5°C (ether): IR (CHClS) 3590, 3600-3200,

3000, 2940, 2870, 1450, 1430, 1380, 1370, 1280, 1220,
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1200, 1155, 1080, 1040, 1010, 980 cm *; IH-NMR (CDCI) &

3.80 (broad s, 2H, -OH), 3.20-3.59 (m, 6H, -OCH,-, -OCH-),

2
0.91-2.05 (m, 12H, -CH,-); '>C-NMR (CDCl;) & 95.9, 69.7,

2
6b.1; 35.2, 26.4, 18.2; [a]D = +60.5 (C = 0.81, chloro-
form).

Anal. caled. for C11H2204: s 61.09; Hy; 9.32.
Found: C, 60.75; H, 8.95.

~ o~ o~~~ ~ o~~~ ~~ o~~~ P N U VI VDU U P, )

trifluoromethyl phenylacetic acid”’ (250 mg, 1.05 mmol)
in thionyl chloride (2 mL) was refluxed for two days.
Excess thionyl chloride was removed in vacuo and the
residue was distilled bulb-to-bulb (125°C, 20 mm) to
give the acid chloride: IR (CC14) 1785 cmhl.

A solution of spiroketal §1 (43 mg, 0.2 mmol) in

pyridine (1 mlL) was reacted with the acid chloride

(132 mg, 0.52 mmol) in carbon tetrachloride (1 mL).
g

After stirring 12 h at 25°C the reaction mixture was
diluted with ether (3 mlL) and filtered through alumina
(neutral, activity III) to give the diester: IR (CCl4)
2950, 1751, 1450, 1270, 1243, 1187, 1172, 1125, 1022,

990, 720, 695 cm'l; 1H-NMR(CC14)6 7.17-7.67 (m, 10H, Ar),
4.16 (d, 4H, J = 5 Hz, -OCHZ-), 3.66-4.16 (m, 2H, -OCH-),
3.52 (s, 6H, -OCH;), 1.16-1.80 (m, 12H, -CH,-); T F-NMR
(207 MHz) gave two singlets separated by 9 Hz in a ratio

of 9:1. [a]éz of spiroketal used was +55.6° (C = 0.1 g/
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mL, CHC13). Therefore [a]gz = +69.5° for optically pure

spiroketal.
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CHAPTER III

Synthesis of A-23187
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Introduction
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Having confirmed in models that control of the stereo-
chemistry of C10 and C18 of diol z would ensure closure
to the correct C,4 spirane configuration for A-23187 (1a)
and further, that the configuration of the methyl at C15
could be equilibrated during the acid-catalyzed closure
of diol 2, we planned to utilize these results for the
total synthesis of A-23187. Since we desired both a
convergent and an asymmetric synthesis (so that the
absolute configuration of A-23187 could be assignedl)
we initially investigated the synthesis of diol ketone §
and heterocycle 4 resulting from disconnection of the
Ci12°C3 bond as depicted in Scheme I. Subunit 4 was a
likely candidate for chiral synthesis from chiral hydroxy-
butyric acid }fz (detailed in a later section). Resolution
of la could then be accomplished by separation of diastereo-
mers without requiring further chemical modification.

The synthesis of 3 posed an interesting problem being
confronted increasingly more often in organic synthesis,

5 Our

namely, control of asymmetry in an acyclic unit.
strategy was to use a ring to control stereochemistry and
then to free the desired acyclic piece. Accordingly, we

chose diol 5 as our immediate target. Desulfurization

would then yield acyclic § (R1 = R2 = H).
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Scheme I

~~ A

Jo, R=H
-I_E, R‘CH3
8
N = o
H 0 £, ox N NHCH3
CH
HaC  CHy CHy 3 A
A Y
0R; OR, 0 X ORy N NHCH,
; 4 CO,CH,
CH3
CH3

.



e

e i dt T VI R O . U I I

Starting from the known thiacyclohexanone 6b,4 the

enamine 7 was formed by standard methods.5 Conversion

to the olefin 9 was conveniently done in one pot, without
isolation of intermediates, by treatment of enamine 7

with methyl acrylate5 followed by hydroboration of enamine
§.6 Acid-catalyzed elimination6 of the intermediate
a-amino alkyl borane gave olefin 9 in a 64% overall yield
from 6b. Saponification7 quantitatively gave the desired
acid 10. Scheme II summarizes the above sequence.

We now faced the problem of introducing the elements
—CHZOH and -OH across the double bond in a regio- and
stereospecific fashion. Our initial plan was to utilize
the acid side chain to direct attack8 by an incoming

electrophile as in equation 1. The lactone could then

, (1)

g
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be methylated and treated with methyllithium9 to give diol

5. Unfortunately, reaction of several electrophiles

- 10 11

(POClS/DMF, CH COCl/AlClS, or Brzlz) with the acid

3
{%, or the derived amide or ester, failed to yield any
lactonic material. Likewise, attempted 1,3-dipolar
cycloadditions failed to give any reaction.13 The
explanation for these negative results may be that the
sulfur in %Q complexed with electrophiles to form 19',
in which the olefin was sufficiently deactivated to
prevent any further reaction. This is partially sub-
stantiated by the failure of attempts to cyclopropanate

similar systems with dichlorocarbene.14 Gaining some

OH

\CH,0OH
W 2
0 —
S S

encouragement from a literature report that the Prins

reaction in aqueous media was successful for a system

15

similar to ours (eq 2), we attempted to apply it to }9.
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Treatment of 10 under standard Prins conditions16 led to

~ ~

the isolation of small amounts of a crystalline material

which we identified as 1la. After many attempts, we

~~

optimized the yield of 1la at approximately 25% by use

~ o~~~

of very carefully controlled conditions. Temperature

and concentration as well as the scale of the reaction

were found to be crucial factors in controlling the yield

(see experimental). Esterification of the acid gave an

oil, %{E, which could be purified by careful chromatography

on a Waters' Prep 500. The formation of the dioxane,

rather than a diol, probably arises from the high con-

centration of formaldehyde used giving formaldehyde dimer

as the active electrophile rather than free monomer.17
Regio- and stereochemical assignments for 1lb were

~ e~~~

made by proton and 13c_NMR analysis of 11b and the desulfu-

§ 13

rized ester (le).1 C-NMR spectra indicated that both

11b and 12b were diastereomerically homogeneous. The

proton spectrum19 of 11b (Figure 1) revealed a proton
(3.85 &) which was coupled to only two other protons

(H17 and ng),
this signal was determined to be a methine proton with

From the chemical shift and integration,

an oa-oxygen. This confirmed the regiochemistry as

that shown in 11b since in the other regioisomer the

~ e~~~

corresponding proton would be coupled to three protons.

Also, desulfurization did not effect the chemical shift
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Scheme III
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of this proton (Figure 1), consistent with structure

11b (one might expect a shift in the regioisomer since

~ e~ ~

desulfurization would correspond to the loss of a R-sulfur

atom). The stereochemistry was assigned by analysis

of the coupling constants of H18 to H17 and ng in 11b

and 12b. In 11b, the coupling constants are 2.7 and 11.1

~ o~ o~ ~ o~ o~

~ o~~~

Hz, consistent with one trans-diaxial coupling and one
cis-coupling (or trans-diequatorial). Removal of sulfur

yields a compound which retains the diaxial coupling
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constant virtually unchanged (11.4 Hz) indicating it is
probably present in the dioxane ring. The other coupling
constant increases to 4.8 Hz from 2.7 Hz, consistent
with a coupling between a ring proton and an acyclic
proton. All these data, plus the fact that the Prins

reaction is known to proceed with high trans selectiv-

ity,léb’”’20 is consistent with the structure shown for

L1b.

~ o~~~

Three steps remained to convert 12b to 3: introduction

~ o~

of the methyl group at C conversion of the ester to a

15°
methyl ketone and hydrolysis of the dioxane. The hydrolysis
could be accomplished in quantitative yield by the method

of Ness21

but was postponed since the methylene acetal
protecting group was useful to mask the diol function
during subsequent transformations. Introduction of the
two required methyl groups was readily accomplished in
one pot from acid %33. Hydrolysis of ester }%P by
treatment with potassium hydroxide in methanol was
quantitative. Then, in one pot, the dianion22 was
generated, quenched with one equivalent of methyl iodide
and treated with methyllithium23 to give methyl

ketone }§ (Scheme III) in a 59% overall yield from ester
12b (a net yield from the known ketone 9 to }é of 10%).

- 13

Proton and ““C-NMR spectral analysis of 13 revealed it to

be a 1:1 mixture of diastereomers due to the newly intro-
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duced asymmetric center at ClS'

With the piece corresponding to ketone 3 in hand, we
investigated the synthesis of heterocycle 4. Since the
required aromatic acid was not available at the time,
we chose instead to utilize 2-methylbenzoxazole as a
model. From literature precedent?4 we felt that an aldol
reaction of 2-lithiomethylbenzoxazole with aldehyde 17
should give the desired Cram product (19a). To test this
hypothesis, the synthesis of aldehyde 17 was undertaken

(Scheme IV).

Scheme IV
Ll Chiy CHg
~ OH = OH A
W — mr S
OH O OR O OR OH
14 15 16
SHs
= H
— Y
OR O
17

R = t-Bu(Ph),Si
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Protection of the known chiral hydroxy-isobutyric
acid 1{2 was accomplished by silylation25 to give the
monoprotected acid 1%. Reduction with borane-methyl-
sulfide26 quantitatively afforded the alcohol 16.
Oxidation with Collins Reagent27 gave aldehyde 17 in a
64% overall yield from 14. Proton NMR examination of
alcohol 16 and aldehyde 17 in the presence of tris-[3-
(heptafluoropropylhydroxymethylene)-d-camphorato],
europium IIIZ8 revealed them both to be enantiomerically
pure (Appendix V).

Then we investigated the generation of 2-1lithio-
methylbenzoxazole and its application in the aldol
reaction. Surprisingly, little precedent for this kind
of anion existed in the literature.29 After some
experimentation, we found that the success of the aldol
depended on maintaining the anion at temperatures below
-60°C, otherwise it degraded. Meyers has observed
similar degradation with simple lithiooxazolines,30
but only at higher temperatures. Disappointingly,
the aldol reaction (Scheme V) was non-selective,
giving an 85% yield of a 1:1 mixture of the Cram (}g§)
and anti-Cram (18a) products. Stereochemical assign-
ments were made by converting the separated alcohols,

high Rf and low Rf, into two conformationally locked

acetonides, A and B respectively, via desilylation with
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fluoride31 and ketalization of the diols with acetone in
the presence of p-toluenesulfonic acid. Application
of the results from proton NMR studies of similar

19b, 32
systems

and proton NMR analysis of A and B (Figure
2) allowed us to assign the anti-Cram aldol product (1§§)
as the high Rf component and the Cram product (l9§) as the
low Rf component. Specifically, the Cll-methyl resonance for
A was upfield (closer to TMS) from the corresponding
resonance for B implying that the methyl was equatorial

in A and axial in §.19b Similariy, the methine proton,
Hll’in é was downfield from Hll in B indicating that Hll
was axial in é but equatorial in §,19b consistent with

the observations for the methyl resonances. Further,

the methine proton HlO of acetonide A appeared as the X
part of an ABMX pattern with a value for JlO,ll of 12,6

Hz (by computer analysis), consistent with a trans-diaxial

coupling. The corresponding value in B was 7.2 Hz, con-
sistent with an axial-equatorial coupling.198 Analysis
of the chemical shifts and coupling constants for the
axial and equatorial protons at C12 was also consistent
with the structural assignments of é as anti-Cram derived
acetonide 29 and B as Cram derived acetonide E%. All of
these observations are summarized in Tables 1 and Z.

Next, we briefly explored methods to increase the

yield of 19a. Changes of counter-ion from lithium to

~ e~ o~
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Table 1. Chemical Shift Analysis of 20 and Z21.

~ o~ A A~

a
8=
Proton A B Conclusion
Methyl at C11 0.80 1.15 equatorial methyl in A
axial methyl in B
HlO 1.77 1.:55 axial in A

equatorial in B

2In ppm relative to tetramethylsilane internal standard,

CDCl3 soln, 90 MHz field strength.

Table 2. Coupling Constant Data of 20 and 21.

~a~ o~~~ o~ A

Potons Coupled J (Hz)i Conclusion
) 5 s

A HlO Hll 12.6 trans-diaxial
Hll_le eq 6.0 axial-equatorial
HlerIZ ax 10.2 trans-diaxial

B HlO-H11 2.6 axial-equatorial
Hll—le ot Zad equatorial-equatorial
Hll_le ax 1«5 axial-equatorial

2By computer modeling.
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zinc as well as variation in temperature and solvent24’32

gave no improvement in the ratio of 18a to 19a.33

Dispensing with attempts at optimization, we turned our
attention to the formation of the ClZ-C13 bond. Encouraged
by ‘'studies done by Stork34 and Normant,35 we believed that
alkylation of the imine anion derived from 13 would afford

the best yields of the desired mono-alkylation product

corresponding to 2. Accordingly, 19b was converted to

~~ ~

Scheme VI
CH3 CHj
CH3 2 0
H3C | + = \
N X OR B
23a, X = 0OTs, R=H
22 b, X = OTs, R = CcHgO
¢, X = I, R = CcHyO
d, X=1, R=H
CHx CH3
0 = 0]
’z ’ A - \
N N
24 25
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36

tosylate 23a and the secondary hydroxyl was protected

~ o~ A

as a THP ether37 to give tosylate 23b. In order to study

~ o~ o~

the alkylation reaction, imine 22 was used as a model.

Reaction of the imine anion derived by reaction of 2235

and LDA with either tosylate 23b or iodide 23c38 1ed

only to the elimination product %i (Scheme VI).

Reasoning that if OTHP were converted to a poorer leaving
group the elimination reaction might be prevented, we
converted iodide %%Q (from %§§38) to an alkoxide with
sodium hydride. Unfortunately, after treatment with the
anion of 22 only alcohol 25 and a small amount of diene
24 were isolated. Alcohol %5 probably arises by initial

formation of oxetane 26 followed by proton transfer

and elimination.

H H
C H 3 < I~ O
i . 25
0 N o

26

At this point, faced with a poor ratio in the aldol
reaction and a low yield in the Prins reaction as well
as difficulties with the final alkylation we decided to

abandon further investigation of this approach to A-23187.
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Rather, we turned our efforts toward the aldol approach

outlined in Scheme VII.

Discussion of Aldol Approach

I e e e e e T I VI VP VP VI Vi Vi VPV VDR

As 1n our previous approach, we again visualized that
closure of diol 2 would give A-23187. Retrosynthetic
aldol disconnection between C9-C10 and C18-C19 gave
heterocyclic subunits 26 (Rl = H) and 28 (R4 = H) and
the ketone 27 which possessed a Cz-axis of symmetry with

respect to skeletal carbons C C and C C (Scheme
P 8

10 ~12 16 "1
VII). We felt that a chiral synthesis of 27 from chiral

subunits 29 and 30 should be straightforward (Scheme

39,40

VIII). Also, literature precedent indicated

that the aldol of the benzoxazole anion derived

24,32

from 28 should favor the Cram product. (The ratio

was found to be 4:1, Cram/anti-Cram.4O) Therefore, the
success of the synthetic sequence seemed to hinge on
whether an aldol reaction would establish the correct
configurations of C18 and C19 relative to each other and
relative to C17.41’42 To this end, we decided to pursue
model studies designed to answer that question.

In the model studies we needed to investigate two

problems: could the relative configurations of
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Scheme VII

~ A N~~~ o~ A
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Scheme VIII

A A A

tHg 3
cH B CH., H.C
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29 30
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2, X=H
HaC  CH CH,

(\)\"/\/'\‘ —_——
| R3Si0 X
R3Si0 X OCH,Ph |

270, X = NNMe, 330, X=H,OH
b, x=o0 b, x=0
€, X =C(Me),(CH,0),
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CO,Me
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C18-C19 (threo vs erythro, threo desired) be controlled

and could the relative configurations of Cl7-C18 (Cram
vs anti-Cram, Cram desired) also be established.

Initially, we studied the threo-erythro problem by using

bénzaldehyde as a model. We hoped that the known pyrrole
26 could be used, thereby avoiding the necessity of
incorporating and later removing a protecting group.
Using as an analogy the studies done by House42 (in

which he used the zinc enolate to obtain the thermodynam-
ically favored threo product), we examined the zinc
enolate of %é (R = Zn) as shown in equation 3. As can be
seen from Table 3, this was not a satisfactory solution

since the erythro product predominated.

74 I CHS
N Ph
I
H 0O OH (3)
erythro threo

The ratio of threo/erythro was independent of counter-

ion (Zn vs Li) and was constant with time and temperature
implying that the dianion probably forms a kinetic
product44 (enriched in erythro) which cannot equilibrate

to the thermodynamically more stable threo product. In
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Table 3. Aldol Studies of Threo vs Erythro Selectivity.

~a N~ ~ A

CH CH
a 3 + phcHo — | 4
) Y
R R 0 OH

Temp .ZnC12
Pyrrole R (°C) (equiv) Solvent2 Threo/ErythroE
1. %9 Zn -78 -- A 1:3.0
2. %é Zn 4 0.5 B 1:3.1
3. %9 Zn 4 Dx5 C 155.2
4. %9 Zn 4 1.0 e 131.8
5. 37  Bz0= 4 1.0 C 1:1.6
6. éz BzO 4 1.0 D 1:1
7. §Z BzO 4 2.0 D 121
§. 38 t-Bocd  -78 - B 1:3
9. 38 t-BOC 4 1.0 B 1:1
10. §§ t-BOC 4 1.0 & 311
11. §§ t-BOC 4 1.0 D 3:1

8A = THF, B = ether, C = ether/dimethoxyethane (1:1), D =

ether/dimethoxyethane (1:2). EBy NMR integration of the

-OCH- doublets. EBenzyloxymethyl. éE—Butoxycarbonyl.
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an attempt to solve the problem of non-equilibration of
the dianion, we decided to investigate N-protected
pyrroles. Since the ketalization step to close diol %
would be acid catalyzed, we wanted to use a protecting
group which would be removed under acidic conditions but
stable to the conditions necessary for the aldol reaction.

Pyrrole ketones 37 and 38 (readily available from 2645)

were chosen to fulfill these conditions.
Initial experiments with benzaldehyde indicated that

38 gave the best threo/erythro ratio (ca. 3:1). To

37 26 38

~ ~ ~ g

determine the effect of an asymmetric center next to

the aldehyde (ie. Cram vs anti-Cram), we chose aldehyde

44b,46

59 as a model. Condensation of 39 with pyrrole

ketone 38 gave the four lactonic products 40a, 40b, 40c

~ o~~~ -~~~ ~ e~ o~

and 40d, in order of elution on analytical HPLC (Scheme

~

IX). Separation of the isomers, analysis of the proton

NMR spectra and comparison with analogs of the Prelog-



Scheme IX

~ e~~~ A A~
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44b

Djerassi lactone and one of its isomers (41 and 42

respectively) allowed assignment of 40a as erythro-

~ o~ o~

anti-Cram and 40b as threo-Cram. Several reactions were

~ o~~~

run to optimize the yield of 40b3 the results are

~ o~ o~

tabulated in Table 4. From the results summarized in the

table, we chose the conditions of experiment 3. Before
applying these results to the total synthesis, we
investigated the stability of A-23187 to conditions
necessary for the removal of the pyrrole protecting

group. Treatment of an authentic sample of A-2318747

with ion-exchange resin48 (H+ form) in refluxing toluene49
convinced us of its stability to the conditions necessary
for deprotection of the pyrrole.

The final steps for the total synthesis are outlined
in Schemes X and XI. Treatment of a 4:1 mixture of pyrans
35 and 36 with fluoride ion effected not only silicon
ether cleavage but also the removal of the trifluoroacetyl

group in approximately 60% yield. Because the deprotected

aromatic nitrogen might interfere with the oxidation



Table 4. Aldol Studies of Cram vs Anti-Cram Selectivity.

~ e~~~

74 | 3
N O,
| +
R 0 0 0
Pyrrole SolventE 40a 40b 40c ﬁggg
1L §§ A 21 44 21 14
2. 38 B 26 32 19 23
3 §§ C 27 42 19 12
4. R = E-Bu-OCHZ- D 24 36 21 20
9¢ S D 20 32 25 23

~

2 equivalent. EA = ether/dimethoxyethane (2:1), B = ether/
dimethoxyethane (1:2), C = ether/dimethoxyethane (1:1), D =

dimethoxyethane. EBy HPLC.
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Scheme X

~~ A A A A A

N
(CF3C0)MeN (CF3CO)MeN
COzMe : COpMe

55 26

~ ~

(CHS)Hh

COZMe

44a, X = H, OH

~ o~~~

b, X =0
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Scheme XI

~ A A A

43b + 44b

38

~ ~
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of alcohols 43a and 44a, we first investigated the stability

~ o~ ~ o~~~

of benzoxazole 28 (R3 = H) (obtained from 28, R, = COCF

3

by fluoride treatment) to conditions of a Collins

3’

oxidation.z7 Since 28 (R3 = H) was found to be stable,

we proceeded to oxidize the mixture of 43a and 44a (4:1)

~ o~ ~ o~~~

to give aldehydes 43b and 44b. Condensation of the

~ o~ o~

aldehydes with pyrrole ketone 38 gave an aldol mixture
containing all eight possible diastereomers. The crude
product was treated with ion-exchange resin48 to give a
mixture of eight spiroketals now lacking the pyrrole

protecting group. Isolation of the major component (ca.

50 overall

1

50% of the total) afforded a material (18%,

yield from aldehydes 43b and 44b) identical (IR, “H-NMR,

MS, [a]D, HPLC) with an authentic sample of 29.51
Cleavage of the methyl ester by treatment with lithio-n-
propylmercaptide52 gave a crystalline acid in quantitative
yield. Synthetic la, mp 184.5-186°C (lit mp 181-182),2
[a]2* -56° (C = 1.0 g/mL, CHC1,)>® was identical in all
respects (IR, UV, MS, 'H-NMR, *C-NMR, [a]y, mixed mp)

to an authentic sample of A-23187 (Table 5). This total

synthesis firmly established the absolute configuration

of A-23187 as that depicted in structure la.
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Table 5. Comparison of Data for Authentic and Synthetic

~ o~~~ A~

A-23187.

Authenticl’53 Synthetic

IR (CHCI,) 1640 cm™* 1640 cm’t
1690 1690

UV (ethanol) 204 mu 208 mu
224 226
278 279
284-288 (sh) 284-288 (sh)
379 377

mass spec (m/e) 523 523
318 318
206 206
123 123

94 94
mp 185-186 184.5-186

[a]§4 -56° -56°
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Summary

~ A A~

In this chapter, two routes to A-23187 were discussed.
The first route was unsuccessful due to low stereoselectiv-
ity in an aldol reaction and failure of a key alkylation
step. This route was noteworthy, however, in that if
the chirality of C18 were inverted and a methyl group were
added to ClS’ then acid 13 could be converted to the

54

Prelog-Djerassi lactone 45, a key intermediate in the

543

synthesis of Methymicin.

The second route, based on two key aldol reactions,
was successfully accomplished to afford synthetic A-23187.
Since this route started from chiral precursors of known
configuration, the completion of the synthesis allowed
assignment of the previously unknown absolute configuration
of A-23187 as that depicted for la. Improvement of the
second aldol should be investigated to increase the

stereoselectivity of that step.
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ggggggl. Diethyl ether, tetrahydrofuran (THF) and
1,2-dimethoxyethane (DME) were dried by distillation from
benzophenone ketyl under nitrogen. Triethylamine diiso-
propylamine and pyrrole were dried by distillation under
nitrogen from calcium hydride. Hexamethylphosphoric acid
triamide was distilled from sodium metal and stored over
13X molecular sieves. Dichloromethane was filtered
through activity I alumina prior to use. Ion—exchange48
resin was washed with methanol and methanol removed by
azeotropic distillation with toluene immediately prior to
use. Methyl acrylate was distilled just prior to use.

All commercial alkyllithium reagents were titrated
by the procedure of Watson and Eastham.55

Unless otherwise specified, all reactions were run
under an inert atmosphere of nitrogen.

Melting points were determined with a Buchi SMP-20
melting point apparatus and are uncorrected. Infrared
spectra were recorded on a Beckman IR-4210 spectrophotometer
and are reported in cm_l. Proton nuclear magnetic resonance
spectra were recorded on a Varian Associates EM-390 or
T-60 spectrophotometer. Chemical shifts are reported in
parts per million on the § scale relative to tetramethyl-

silane internal standard. Proton data are reported as

follows: chemical shift, multiplicity (s = singlet, d =
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doublet, t = triplet, q = quartet, m = multiplet), inte-
gration, coupling constants (Hz) and interpretation. Carbon-
13 nuclear magnetic resonance spectra were recorded on a
Varian Associates XL-100 (25.2 MHz) spectrometer and are
reported in parts per million on the & scale relative

to tetramethylsilane internal standard. Mass spectra

were recorded on a DuPont MS 21-492B mass spectrometer

at 75 eV. Mass spectral analyses as well as combustion
analyses were performed by the California Institute of
Technology Microanalytical Laborétory.

Analytical gas chromatographic analyses were performed
on a Varian-Aerograph Model 1440 gas chromatograph
equipped with a flame ionization detector using 2 m by
3.18 mm stainleés steel columns of 10% Carbowax 20 M or
10% SE-30 on 80-100 mesh DMCS Chromsorb W support.
Analytical HPLC was performed on a Water's Associates
high pressure liquid chromatograph equipped with ultra-
violet and refractive index detectors using a 35 mm by
6 mm p-porasil column.

Optical rotations were recorded on a Perkin Elmer 141
polarimeter at the sodium D line.

Commercial reagent grade sodium methoxide (54.2 g, 1 mol)
was suspended in reagent grade THF (400 mL) in a three-

neck, 500-mL, round-bottomed flask equipped with a mechanical
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stirrer, nitrogen inlet, reflux condenser and 150-mL
constant-volume addition funnel and heated to reflux.
Dimethyl-3,3'-thiodipropionate (100 g, 0.49 mmol) in THF
(100 mL) was added over 1 h. The reaction was monitored

by GLC (10% SE-30). After an additional 0.5 h at reflux
the reaction mixture was cooled and THF removed in vacuo.
The residue was added to acetic acid (130 mL) in ice-

water (400 mL). Extraction with ether (4 x 200 mL),
washing of the combined organics with water and saturated
sodium bicarbonate (to remove acetic acid), drying (NaZSO4),
filtration and removal of solvent in vacuo gave an oil.
Distillation gave a 2.2 g forerun (70-98°C, 1 mm) and

a major fraction (98-102°C), 48.5 g (58%): IR (neat)

2995, 2950, 2900, 2830, 1735, 1650, 1603, 1435, 1350, 1304,
1

= 1 .
1250, 1220, 1193, 1104, 1060, 830, 690, 670 cm H-NMR

(CDClS) § 12.16 (s, 0.5H, enolic form) 3.73 (s, 3H, -OCHS),
2.48-3.68 (m, 6.5H); 13C-NMR (CDClS) 8 203:.3, 172.2; B7.2,;
58.6, 52.4, 51.7, 43.5, 32.4, 30.7, 30.3, 24.6, 23.4.
g-lioeyciphaxa L opnE [ip). KeTamsarst fg [958 4

0.26 mol) was added to a 500-mL round-bottomed flask
equipped with a magnetic stirring bar and a reflux con-
denser. 10% Sulfuric acid in water (400 mL) was added

and the heterogeneous mixture heated to reflux until

carbon dioxide evolution ceased (ca. 3 h). Cooling

caused formation of a white precipitate. The mixture was
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extracted with ether (4 x 100 mL); then organics were
combined, washed with water and dried (Na2804). Filtration
and removal of solvent in vacuo gave a yellow solid which
was sublimed at 85°C (30 mm) to give 23.8 g (80%) of a
white solid, mp 62-63°C: IR (CHC13) 3025, 2980, 2930,
1718, 1430, 1378, 1300, 1299, 1275, 1228, 1130, 980, 655

1. 1 13

cm H—NMR(CDC13)62.81 (AZB2 pattern); C-NMR (CDClS)

§ 207.6, 45.9, 30.0.

1-Pyrrolidin-1-yl-4-thia-1-cyclohexene (7 ). Ketone

T I - I I P T e T I VI VI VP VP P VP V)

6b (30.0 g, 0.26 mol) was dissolved in benzene (300 mL)
and pyrrolidine (38.7 g, 0.54 mol) was added. The mixture
was heated to reflux with azeotropic removal of water.
After 5 h (GLC, 10% SE-30) benzene was removed by distil-
lation. The residue was distilled 98-102°C (0.2 mm) to
give 39.1 g (90%) of a colorless air and moisture

sensitive liquid: IR (CHC1;) 2980, 2920, 2870, 2815, 1630,

1410, 1385, 1345, 1300, 1285, 1165, 1138, 885 cm '; 1H-

NMR (CDC13) s 4.41 (t, IH, J = 4.5 Hz, winvl), 3.24 (4,
2H, J = 4.5 Hz, -SCHZ- vinyl), 3.00 (t, 4H, J = 7.3 Hz,

-NCHZ-), 2.61 (AZB 4H, SCH,CH,- vinyl), 2.68-2.00 (m,

2 272

4H, -CH,CH,-).

A AN AN A A A A A A M A AN A N NS A A A AN A A AN A S AN A A AL A A A A A A A R R A R A e A A Y A A

Enamine 7 (32 g, 0.19 mol) in E-dioxanes6 (200 mL) in a
three-neck 1000 mL round-bottomed flask equipped with a

magnetic stirring bar, reflux condenser, nitrogen inlet
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and 150-mL constant-volume addition funnel was heated to
reflux. Freshly distilled methyl acrylate (22 mL, 0.25
mol) in p-dioxane (30 mL) was added during 2 h. Reflux
was continued an additional 14 h (GLC, 10% SE-30)

followed by cooling to 25°C. Borane-methylsulfide (25 mL,
0.25 mol) in p-dioxane (50 mL) was added (mild exotherm)
over 1 h with stirring. After stirring an additional 2 h,
the mixture was cooled in an ice bath and propionic acid
(56 mL, 0.75 mol) was slowly added (vigorous hydrogen

gas evolution at beginning). When the initial reaction
subsided, the cooling bath was removed and the mixture was
heated to reflux for 9 h (GLC, 10% SE-30). Solvent was
then removed in vacuo, the residue taken up in hexane

(200 mL), washed with water and brine and dried (NaZSO4).
Filtration, removal of solvent in vacuo and distillation
at 75-80°C (0.05 mm) gave 25.4 g (72%) of a colorless

oil: IR (CC14) 3015, 2955, 2920, 2880, 1735, 1434, 1320,
1245, 1210, 1193, 1160, 1020, 690, 680 cm_l; 1H-NMR (CC14)
§ 5.45-5.86 (m, 2H, vinyl), 3.61 (s, 3H, -OCH3), 3.03
(broad d, 2H, J = 3 Hz, -SCH, vinyl), 2.50-2.78 (m, 1H,
vinyl CH-), 2.14-2.42 (m, 4H, -SCHZ-, -CHZCOZMe), 1.73

13

(ty ZH, J = 6 Hz,; -CHCEZCHZ); C-NMR (CDC13) § 173.4,

131.2, 124.1, 51.4, 33.9, 81.2, 30.0, 29.6, 25.3,
Anal. calcd. for C9H14OZS: €; 5B.03: H, T.58.
Found: €, 58.1%; H, 7.70.
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Enamine 8: IR (CC14) 2960, 2880, 2820, 1725

1625, 1434, 1300, 1240-1180, 1170 cm ¥; IH-NMR

(CDC13) § 4.32 (t, 1H, J = 4 Hz, vinyl), 3.66 (s, 3H,
-0CHZ), 1.50-3.11 (m, 22H).

Anal. (performed on a sample of 8 that had been
hydrolyzed to ketone) calcd. for C9H14038: C, 53.44;
H, 8.88. Foumd: €, 53.20; H, %.786.

IR (CHClS) 2950, 2910, 1725, 1700, 1430, 1365,
1310, 1265, 1190, 1165, 1110, 1015, 975, 825, 730 cm-l; 1H-
NMR (CDCl;) & 3.63 (s, 3H, —OCHS), 2.20-3.01 (m, 1H);
1Sc-NMR (CDC1;) & 209.3, 178.8, 52.0, 44.1, 36.0, 31.3,
31.0, 24.5.

Hydrolysis of ester 9. Ester 9 (29.1 g, 0.16 mol)
was dissolved in THF (70 mL) and sodium hydroxide (6.8 g,
0.17 mol) in water (100 mL) was added. The resulting
biphasic mixture was stirred 1 h during which time the
mixture became homogeneous. TLC (silica gel, 50%
ethyl acetate/45% hexane/5% acetic acid) indicated con-
sumption of ester (Rf = 0.55 ). After cooling the reaction
in ice it was acidified with concentrated hydrochloric
acid to pH 1. The acid was isolated by extraction into
chloroform (4 x 100 mL), drying (NaZSO4), filtration and
removal of solvent in vacuo to give 18.2 g (100%) of a
waxy solid mp. 42-44°C: IR (CHCIS) 3400-2400, 2990, 2910,

1720, 1700, 1432, 1405, 1270 cm™'; 'H-NMR (CDC14)6 11.65
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(s, 1H, -COZH), 5.42-5.97 (m, 2H, vinyl), 3.00 (broad d,

Z2H, J = 3 Hz, —SCHZ- vinyl), 2.70 (t, 1H, J = 8 Hz, -CH-),

2.153-2.52 {m, 4H, -SCHZ- and —CHZCOZ-), 1:50-1.95 (m, 2H,
13

—CHCﬂZCHZ-); C-NMR (CDClS) § 179.6, 131.2, 124.4,
33.8, 31.3, 29.7, 29.6, 25.3.
Anal. calcd. for C8H12028: Gy 554827 H, 7.02.

Found: C, 56.25; H, 7.16.

B R R R N I I VP VPP

flasks was placed paraformaldehyde (9.0 g, 0.30 mol).

To each was added HZO (19 mL) followed by concentrated
sulfuric acid (7 mL). The resulting mixtures were heated
to 100°C and maintained at that temperature for 2 h
during which time the formaldehyde depolymerized to give
homogeneous solutions. After cooling to 70°C, olefinic
acid 10 (5.0 g, 29 mmol) was added to each flask (ie.,
total of 10 g of acid). The reactions were maintained

at 70°C until consumption of acid was complete (ca. 16-
25 h) as indicated by TLC (silica gel, 50% ethyl acetate/
45% hexane/5% acetic acid; olefinic acid: Rf = 0.66;
product: Rf = 0.56). The two reactions were cooled,
combined, diluted with water (50 mL) and extracted with
ether (5 x 40 mL). Drying, (NaZSO4), filtering, and
removing solvent gave a crude waxy material which could

be purified by medium-pressure chromatography (silica
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gel, ether) to give a solid acid (ca. 25%), mp 128.5-
120°C (chloroform/hexane): IR (CHClS) 3400-2400, 3000,

2850, 1704, 1421, 1368, 1280, 1180, 1125, 1085, 1075,

1038, 1025, 933 cm 1; 1H—NMR(CDC13)69.80 (broad s, 1H,

-COZH), 5.00 (d, 1H, J = 7 Hz, part of AB quartet, Heq’
—OCH20~), 4.62 (d, 1H, J = 7 Hz, part of AB quartet, Hax’
—OCHZO-), 3.88 (dd, 1H, J = 2.7, 11.1 Hz, -OCH-), 2.90-

3.50 (m, 2H, -OCH,-), 1.65-2.85 (m, 10H); 1°C-NMR
(CDC13) ¢ 178.1, 93.9, 82.8, 70.3, 37.3, 35.6, 32.3,
32.2, 28.5, 20.6,

Anal. calcd. for C10H16O4S: G, 51:70: H, 6.94,
Fouid: £, 5Y.57; H, 6.63.

A better purification procedure consisted of dissolving
the crude acid }}gijlmethanol (50 mL) and p-toluenesulfonic
acid (monohydrate) (0.1 g), heating to reflux for 1 h,
removal of solvent in vacuo and chromatography on a
Waters' Prep 500 (silica gel, 30% ethyl acetate/70%
hexane) with recycle to give 3.3 g (23%) of ester 11b: IR

~ A~

(CHC1;) 3000, 2950, 2905, 2845, 1720, 1430, 1365, 1270,

1223, 1167, 1123, 1085, 1070, 1027, 932, 905 cm *; 1H-NMR

(CDC13) § 4.99 (broad d, 1H, J = 7 Hz, part of AB quartet,

Heq’ -OCHZO-), 4.62 (d, 1H, J = 7 Hz, part of AB quartet,
Hax’ -OCHZO-), 3.86 (dd, 1H, J = 11.0, 2.5 Hz, -OCH-),
3.64 (s, 3H, —OCHS), 3.13-3.40 (ABX, 2H, -OCHZ—), 2.00-

iy

5.00 (my, 10H, -CH -CH-); C-NMR (CDC13) § 173.4,

2',
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5.8, 82.7, 70.3, S§1.4, 37.4, 35.86, 32,4, 32.0, 28.4,
20,7

Anal. calcd. for C11H1804S: C, 53,88 H, 7.37.
Found: C, 54.04; H, 7.50.

(3R*)-Methyl-3-[(4S*,5R*)-5-methyl-1,3-dioxacyclohex-

MAaR M A A v v A N M A A A v v A AT R A AN AR A A A M A A AN N AN A A SN AN A A A AN A A A A A A A A A A

e I I UL VDS ~ o~~~

in ethanol (70 mL) was treated with Raney-nickel (11 g)
prepared from1l:1 nickel-aluminum alloy (22 g) by the
method of Fieser and Fieser%8 The mixture was heated to
reflux and monitored by GLC (10% SE-30). After 5 h
filtration through a celite pad, washing the filter cake
with dichloromethane (3 x 20 mL), removal of solvent

in vacuo and bulb-to-bulb distillation at 130°C (0.005 mm)
gave 2.2 g (85%) of a colorless oil: IR (CHC13) 29740,
2940, 2850, 1725, 1455, 1435, 1380, 1260, 1240, 1175,
1085, 1050, 925 cm '; 'H-NMR (CDC1,)8 5.01 (4, 1H, J =

11 Hz, part of AB quartet, Heq’ -OCHZO—), 4.48 (d, 1H,

J = 11 Hz, part of AB quartet, Hax’ -OCHZO-), 3.91 (dd,
i1H, J = 12.0, 4.8 Hz, =0CH-), 3.64 (s, 3H, -OCHS), 3.16
(ty 2H; J = 19.8 Bz, -OCHz-), 2.31 (t, 2H, J = 6.9 Hz,

-CH,C0,-), 1.68 (dt, 2H, J = 1.3, 5.4 Hz, -CH,CH,C0,-),

0.9 (broad d, 3H, J = 6.3 Hz, acyclic CH3), 0.83 (d, 3H,

J = 6.6 Hz, cyclic CH3); 15

C-NMR (CDCl;) § 173.8, 93.8,
84.6, 72.6, 51.4, 32.6, 31.9, 31.3, 29.0, 12.6, 12.2.

Anal. calcd. for C11H2004: C, 61.09; H, 9.32.
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Found: C, 60.83; H, 9.17.

~MAaR AN A A v A AR v AR AN A A A AN A A AR A N AN S AN A N A A A A A A A A A A A A A A A
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a 25-mL round-bottomed flask with reflux condenser was
added potassium hydroxide in methanol (10 mL of a 0.82 M
solution, 8.2 mmol). The solution was heated to 50°C for
1 h and cooled. Ethanol was removed in vacuo and the
residue redissolved in water (10 mL). Aqueous concentrated
hydrochloric acid was added to pH 1; then the acid was
extracted into dichloromethane (4 x 20 mL). Drying
(NaZSO4), filtration, removal of solvent in vacuo and
distillation at 160°C (0.006 mm) gave 0.97 g (97%) of a
colorless oil: IR (CHClS) 3340-2400, 2960, 2850, 1705,
1455, 1400, 1380, 1275, 1175, 1150, 1085; 1030, 960,

920 cm™L: H-NMR (CDC1;)6 8.98 (broad s, 1H, -CO,H), 4.89
(broad d, 1H, J = 6 Hz, part of AB quartet, Heq’ —OCHZO-),
4.54 (d, 1H, J = 6 Hz, part of AB quartet, Hax’ —OCHZO-),
3.80 (dd, 1H, J = 4.8, 11.4 Hz, -OCH-), 3.14 (apparent

t, 2H, J = 10 Hz, -OCHZ-), 2.33 (t, 2H, 4 = 7.3 Hz,

=LH COZ-), 1.41-2.19 (m; 4B, -CH- and -CH,CH COZ-), 0.94

2 - 2
(d, 3H, § = 7.2 Hz,; ring CHS), 0.67 (d, 3H, J = 6.9 Hz,
acyclic CH3).

Anal. calcd for C10H18O4: C, 59.39; H, 8.97.
Found: C, 59.21:; H,; 8.90,

B L T e R I e e e
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Sromamicloipe allsen isonn Tisls 1o nisepaepylendye
(1.76 mL, 12 mmol) in THF (5 mL) at -10°C was added
methyllithium (5.6 mL, 10 mmol) in ether. After stirring
for 10 min acid 1za (0.894 g, 4.4 mmol) in THF (7 mL) was
added over 0.5 h at -10°C, stirred for an additional 0.5 h
and cooled to -30°C. Methyl iodide (0.67 mL, 11 mmol)

was added (exotherm) with stirring over 5 min at -30°C
then warmed to 25°C and stirred 1 h. The reaction flask

was connnected to a vacuum pump and solvent removed in

vacuo. The residue was redissolved in THF (6 mL) and

cooled in an ice bath; methyllithium (2.6 mL, 4.4 mmol)
in ether was added and the reaction warmed to 25°C.

After 1 h (TLC, silica gel, 20% ethyl acetate/hexane,

Rf = 0.34) the reaction was slowly added to vigorously
stirred ice water. Extraction with ether (4 x 30 mL),
drying (NaZSO4), filtration and removal of solvent gave

a pale yellow 0il which was purified by column chroma-
tography (silica gel, 15% ethyl acetate/hexane) giving}%,
0.55 g (59%): IR (CHCIS) 2970, 2930, 2850, 1705, 1455,
1380, 1230, 1175, 1090, 1070, 1030, 965, 925 cm-l; 1H—NMR
(CDC13) § 5.00 (dd, 1H, J = 11, 1.2 Hz, part of AB
quartet, Heq’ —OCHZO-), 4.56 (dd, 1H, J = 11, 1.9 Hz,

part of AB quartet, H -OCHZO-), 3.80 (dd, 1H, J =

ax?
11, 5 Hz, -OCH-), 3.24 (d, 1H, J = 11 Hz, Heq’ -OCHZ-),

3.07 (d, 1H, J = 7 Hz, H_, -OCH,-), 2.53 (m, 1H, -CHCHg,
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in ring), 2.10 [s, 3H, CHSCO-), 1.1-2.0 (m, 5H, -CH- and

-CH,-), 1.05 (d, 1.5H, J = 7.5 Hz, CH,CHCO-), 1.03 (d,

3
CHCO-), 0.90 (d, 3H, J = 6.8 Hz,

3
ring CH3), 0.66 (d, J = 6.8 Hz, acyclic CHS); 13C-NMR

1.5, J = 7.2 Hz, CH

(CDClS) § 212.0, 93.7 (84.7, 84.6), 72.5 (44.6, 44.4),
(56.8, 36.6), 31.3, 30.8 (27,7, 27.6), (16.9, 16.4),
(13:1, 12.8); 12.1.

Anal. calcd. for ClZHZZOS: Gy B7.2637 H, 10.4.
Found: 67.16; H, 10.2.

§g1§~£1§1. S-(+)-hydroxyisobutyric acid? (5.0 g, 48 mmol)
was dissolved in dry dimethylformamide (50 mL). Imidazole
(10.1 g, 150 mmol) and t-butyldiphenylchlorosilane (14.6
g, 53 mmol) were added. After 16 h (TLC, silica gel,

30% ethyl acetate/hexane, Rf = 0.39), the reaction mixture
was cooled in an ice bath and sodium hydroxide (5.0 g,
0.12 mol) in water (50 mL) was added. The aqueous layer
was washed with ether (3 x 30 mL) then recooled, acidified
with concentrated hydrochloric acid, and extracted with
ether (4 x 50 mL). Drying (NaZSO4), filtration and
removal of solvent in vacuo gave an oil (12.3 g, 75%)
which crystallized on storage at -10°C, mp 52.5-53.5°C:
IR (CHC13) 3400-2400, 3070, 2950, 2930, 2860, 1705, 1585,
1465, 1455, 1385, 1110, 820, 800, 695 cm *; lH-NMR (cDCl,)

§ 9.21 (broad s, 1H, -COZH), 7.54 (m, 4H, aromatic),



«dlde

7.36 [m, 6H, aromatic), 3.76 (4, 1H, J = 7.5 Hz, -OCHZ-),
3.74 (d, 1H, J = 6.0 Hz, —OCHZ-), 3.67 (hextet, 1H, J =
6.7 Hz, ~CH=}, 2.15 {d, 38, § = 7.0 Hz, -CHS), 1,03 (s,

9H, t-butyl methyls)j 15

C-NMR (CDC13) § 180.8, 135.4,
133.1, 128.6, 127:5, 65.5, 42.2; 26,7, 18.2, 13.3%; [Q]D =
+10.37° (C = 1.09, CHC13).

Anal. calcd. for CZOHZGOSSi: G, 70:15: H, 7.0635.
Found: €, 69.73; H, 7.70.

R:(+):3-t-Butyldiphenylsiloxy 2-methylpropan-1-ol

(16). Acid 15 (6.13 g, 17.9 mmol) was dissolved in
ether (20 mL) and borane-dimethylsulfide (2 mL, 20 mmol)
in ether (10 mlL) was added dropwise at 0°C. After the
initial reaction the borane was added faster. At the

end of 3 h (TLC, silica gel, 30% ethyl acetate/hexane,

Rf = 0.48) the reaction was added to ice water and
extracted with ether (4 x 20 mL). The combined organics
were washed with 4 N sodium hydroxide (aqueous), water
and brine, dried (Na2504) and filtered. Removal

of solvent in vacuo gave 5.54 g (94%) of a colorless oil:
IR (CHClS) 3500, 3060, 3000, 2950, 2930, 2860, 1580,

1460, 1420, 1385, 1100, 1080, 1020, 920, 695 cm 1; lH-NMR
(CDC13) § 7.45 (m, 4H, aromatic), 7.16 (m, 6H, aromatic),
3.61 (d, 2H, J = 5.0 Hz, -CH,OH), 3.60 (d, 2H, J = 6.0 Hz,
-OCHZ-), 2.40 (broad s, 1H, -OH), 1.91 (octet, 1H, J =

6.0 Hz, -CH-), 1.06 (s, 9H, t-butyl methyls), 0.83 (d,
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13

3H, J = 6.3 Hz, CH;CH-); C-NMR (CDC1;) & 135.4, 133.0,

129.6, 127.6, 68.5, 67.4, 37.3, 26.8, 19.2, 13.2; [o], =

+7.43° (C = 1.09, CHC1,), optically pure by 1

H-NMR/chiral
shift reagent (tris[3-(heptafluoropropylhydroxymethylene)-
d-camphorato], europium (III) derivative) analysis of

methyl doublet.28

(17). To an ice-cold solution of pyridine (39 mL, 0.48
mol) in dichloromethane (600 mL) was added chromium
trioxide (24 g, 0.24 mmol). The orange solution was
stirred 15 min then warmed to 25°C and stirred 0.5 h.
Alcohol 16 (12.9 g, 39.4 mmol) in dichloromethane (10 mL)
was added in one portion to the deep red solution. A
black precipitate formed immediately. After 15 min the

solution was decanted and solvent removed in vacuo. The

residue was taken up in ether and filtered through florisil,
eluting with ether. After removal of solvent in vacuo

the residue was dissolved in toluene (20 mL) and solvent
removed (to azeotropically remove pyridine). The toluene
procedure was repeated again and after complete removal

of solvent a white solid (10.46 g, 91%) was obtained,

mp. 60-62.5°C: IR (CHC13) 3070, 2950, 2930, 2860, 1720,
1580, 1460, 1450, 1420, 1380, 1360, 1105, 1030, 1005,

995, 820, 695 cm 1; LH-NMR (CDC1;)6 9.76 (d, 1H, J = 2.1

Hz, -COH), 7.64 (m, 4H, aromatic), 7.36 (m, 6H, aromatic),
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5.80 (d, 2H; J

5.4 Hz, -OCH,-), 2.51 (m, 1H, -CH-),

1,07 (d, 3H, J
13

6.3 Hz, —CHs), 1.04 (s, 9H, t-butyl

methyls); C-NMR (CDC13) & 203.58, 135.4, 132.9, 129.6,

127.5, 64.0, 48.7; 26.7, 19.2, 10.2; [a]D = +25.93°

(C =1.08, CHCls). Optically pure by 1H-NMR/chiral shift

reagent analysis of methyl doublet.28
Anal. calcd. for C20H26OZSi: €, 75.57; H, 8.03,

Pound: C, 73.65; H; 7.85.

MM A~ A T v~ A AAaA R AAaARr v A A A A ca A A M A A A A A A A AN AAS A A A A A
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100-mL round-bottom flask equipped with a septum
magnetic stirring bar, thermometer, nitrogen inlet and
constant-volume addition funnel were added THF (20 mL)
and diisopropylamine (5.3 mL, 3 mmol). The solution was
cooled to -20°C and methyllithium (19.5 mL, 35 mmol) in
ether was added over 20 min. After 15 min the colorless
solution was cooled to -78°C (internal) and 2-methyl-
benzoxazole (4.15 mL, 35 mmol) in THF (10 mL) was added
dropwise over 15 min while maintaining an internal
temperature below -70°C. Stirring was continued an
additional 1 h during which time a yellow precipitate
formed; then aldehyde 12 (9.67 g, 30.0 mmol) in THF

(7 mL) was added over 5 min. The mixture was stirred

5 min followed by quenching with saturated ammonium

chloride. The reaction was partitioned between water
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(60 mL) and ether (4 x 50 mL). Combination of organics,
washing with water and brine, drying (Na2804), filtration
and removal of solvent gave 13 g of a crude product.
Purification on a Waters' Prep 500 (10% ethyl acetate/

hexane) gave 3S alcohol 19a (5.97 g, 43.4%): IR (CHCIS) 3470,

~ o~ -~

3060, 3000, 2950, 2920, 2850, 1605, 1560, 1460, 1445, 1420

1385, 1235, 1100, 1010, 995, 900, 815, 690 cm *; IH-NMR

(CDC13) § 7.64 (m, 5H, aromatic), 7.36 (m, 9H, aromatic),
4.40 (m, 1H, -CHOH), 3.68 (d, 2H, J = 5.4 Hz, —CHZO-),

3.58 (bread s, 1H, -0OH), 3.05 (d, 1H, J = 2.2 Hz, -CHZ-

benzoxazole), 3.00 (s, 1H, -CHZ- benzoxazole), 1.65-2.00

(m, 1H, -CH-), 1.06 (s, SH, t-butyl methyls), 0.96 (d,

13

3H, J = 6.2 Hz, -CHS); C-NMR (CDCIB) § 165.6, 150.4,

140.8, 135.4, 132.7, 129.6, 127.6, 124.3, 124.0, 119.4,

22 _
D

-3.87° (C = 1.27, CHCls); HPLC (1 foot p-porasil, 10%

110.4, 71.0, 67.4, 39.6, 33.7, 26.9, 19.2, 11.0; [a]

ethyvl acetate/hexane): k = 3.5

Anal. calcd. for C28H33N035i: c, 73.16; H, 7.Z4;

N, 3.05. Found: C, 73.47; H, 7.42; N, 2.91.

3R alcohol 18a (4.95 g, 35%): IR same as 19a; 1H—NMR

(CDC13) § 7.55 (m, 5H, aromatic), 7.34 (m, 9H, aromatic),

4.21 (q, 1H, J = 5.3 Hz, -OCH-), 4.04 (broad s, 1H, -OH),

3.73 (d, 1H, J

b.d HZ, -OCHZ-), 3.72 (d, 1H, J = 6.0
Hz, —OCHZ-), 3.10 (s, 1H, -CHZ— benzoxazole), 3.03 (d,

1H, J = 2.2 Hz, -CH,- benzoxazole), 1.90 (heptet, 1H,

&
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J = 6.0 Hz, -CH-), 1.07 (s, 9H, t-butyl CH;), 0.97 (4,

3, J = 6.6 Hz, -CH.); 1°

C-NMR (CDC13) § 165.2, 146.0,
140.7, 135.4, 132.8, 129.6, 127.5, 124.3, 123.9, 119.4,
110.2, 72.4, 67.2, 40.1, 33.9, 26.8, 19.2, 13.4; HPLC:
k = 3.1.

Anal. calcd. for C28H33N0351: C, 73,163 H, 7.24:
N, 3.05. Found: C, 73.47; H, 7.42; N, 2.91.

B e I T e e e i I N VR T
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THF (4 mlL) was added tetra-n-butylammonium fluoride

(8 mL, 8 mmol) in THF. After 0.5 h solvent was removed
in vacuo and the residue chromatographed on silica gel
(ethyl acetate) to give an off-white solid (0.953 g, 94%),
mp 102-104°C (1:1 ethyl acetate/hexane): IR (CHC13)
3600, 3450, 3000, 2970, 1610, 1570, 1455, 1345, 1160,
1145, 1100, 1030, 1005, 840 cm—l; lH—NMR(CDC13)<S TudB~F T2
(m, 4H, aromatic), 4.30-4.59 (m, 1H, -OCH-), 4.01 (broad
s, 1H, -0OH), 3.80 (broad 4, 2H, J = 5.4 Hz, -OCHZ-),

2.78-3.19 (m, 3H, -OH, -CH,- benzoxazole), 1.73-2.16 (m,

13

2

1H, -CH-), 1.00 (d, 3H, J = 7.2 Hz, -CHj); C-NMR (CDC1

3)
§ 165.3, 150.3, 140.5, 124.6, 124.2, 119.3, 110.2, 71.1,

66.0, 39.2, 33.2, 10.73 [a]D -24.22° (C = 1.09, CHCls).
Anal. calcd. for C12H15N03: G, 65.1457 H, 6.83}
N, 6,33, Feund: C, 63.11; H, 7.82; N, 6.27.

(2S,3R)-2-Methyl-4- (1-oxa-3-azainden-2-yl)butan-1,3-

B N R I T I - e e e e e e e I I U I e e e S
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diol (18b2. Prepared as for diol 19b. 18a (2.1 g) gave

0.95 g (94%): IR (see 19b); 1

H-NMR (CDC13) & 7.16~7.72
(m, 4H, aromatic), 4.20 (q, 1H, J = 4.2 Hz, -OCH-), 3.58-
3.76 (m, 3H, -CHZOH), 3.08 (broad s, 2H, -OH and -CH, -
benzoxazole), 3.02 (d, 1H, J = 4.8 Hz, -CHZ- benzoxazole),

1.80-1.89 (m, 1H, -CH-), 0,93 (d, 3H, J = 7.5 Hz, CH3)'

R R R e VL L VU U U VR VR VR VRV Y VPV P o

T R e e e e R N I VIR U VI VI Y VP VI VP UL VPP VI VI P VI ore)

1.28 mmol) was dissolved in pyridine (20 mL), cooled to
0°C and p-toluenesulfonylchloride (0.266 g, 1.4 mmol)

was added. After 40 h (TLC, silica gel, 50% ethyl
acetate/hexane, Rf = 0.30) the reaction (deep purple)

was added to ice water (60 mL) and extracted with ether

(4 x 30 mL). The combined organics were washed with

10% hydrochloric acid, water, brine and dried (NaZSO4).
Filtration and removal of solvent gave a yellow oil

(0.373 g, 78%): IR (CHClS) 3640-3200, 3000, 2930, 1610,
1595, 1565, 1450, 1355, 1240, 1185, 1170, 1080, 965,

935, 905, 830, 810, 655 cm-l; 1H-NMR(CDC13)6 7.07-7.82

(m, 8H, aromatic), 4.09 (d, 2H, J = 4.5 Hz, -OCHZ-),
3.78-4.08 (m, 2H, -CHOH), 2.98 (s, 1H, -CHZ— benzoxazole),
2.91 (d, 1H, J = 4.5 Hz, —CHZ- benzoxazole), 2.30 (s, 3H,
CH3- aromatic), 1.74-2.03 (m, 1H, -CH-), 0.97 (d, 3H,

J = 7.5 Hz, —CHS).

(25,3R)-3- (Oxacyclohex-2-yloxy)-2-methyl-4-(1-oxa-

N am m a  am Aa A A A A A A A A A A A R R R R R A R R R Y R R A R R A A e A AL e A A v A e e A
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crude tosylate Z3a (0.341 g, 0.92 mmol) was dissolved in
dichloromethane (2 mL), cooled to 0°C and dihydropyran

(0.2 mL, 2.22 mmol) added. After addition of one crystal
of p-toluenesulfonic acid the reaction was stirred 1 h
(TLC, silica gel, 40% ethyl acetate/hexane, Rf = 0.27).

The reaction was diluted with dichloromethane (20 mL)

and washed with saturated sodium bicarbonate then

dried (N32504). Filtration and removal of solvent gave
0.415 g (92%) of a yellow o0il: IR no -OH; 1H-NMR (CDClS) S

7.10-7.78 (m, 8H, aromatic), 4.50 (broad s, 1H, -OCHO-),

w

.89-4.20 (m, 2H, -CH,-080,-), 3.17-3.81 (m, 3H, -OCH-,

-OCH, of THP group), 3.17 and 3.03 (d, 2H, J = 5.4 Hz,
—CHZ- benzoxazole), 2.37 (s, 3H, CHS- aromatic), 1.12-

2.28 (m, 7H, -CH- and -CH,- of THP), 1.03 and 1.00 (d,

2
J = 7.5 Hz, -CH,).

(2S,3R)-4-Iodo-3-methyl-1-(1-oxa-2-azainden-2-yl)-

P < N N N T - T T P e e e e e s e )

B e e I VI IV

dissolved in acetone (10 mL) and sodium iodide (1.51 g,
10 mmol) added. The mixture was stirred at 25°C for 17 h
(TLC, silica gel, 50% ethyl acetate/hexane, Rf = 0.37).
The iodide was isolated by filtration, rinsing the filter
cake with ether and removal of solvent. The oil was
redissolved in ether, washed with 10% sodium sulfite,

dried (NaZSO4), filtered and ether removed to yield a
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pale yellow oil (0.570 g, 67%): )

H-NMR (CDC13)6 7.07-7.68
(m, 4H, aromatic), 4.14 (broad s, 1H, -OH), 3.95 (déublet
of triplets, 1H, J = 3.9, 7.8 Hz, -OCH-), 3.23-3.50

(m, 2H, -CHZI), 2.66-3.10 (m, 2H, —CHZ- benzoxazole), 1.32-

1.73 Im, AH, ~CH-); 1.02 (d, 3H, J = 6.5 Hz).

e A s e e e e e i O e e e T T N N T

21211:%:E£93§99§§~£§§1. To a three-neck 100-mL round-
bottomed flask with a septum, nitrogen inlet, mechanical
stirrer and constant-volume addition funnel were added
potassium t-butoxide (2.58 g, 22 mmol) and THF (20 mL).
The suspension was stirred with cooling to 0°C and
pyrrole ketone 26> (2.46 g, 20 mmol) in THF (10 mL) was
added over 10 min. After warming to 25°C and stirring
for 1 h t-butyloxycarbonyl anhydride (5.1 mL, 22 mmol) in
THF (30 mL) was added over 0.5 h (exotherm). The
heterogeneous mixture was stirred an additional 2 h (TLC,
silica gel, 40% ethyl acetate/hexane, Rf = 0.60); then
water (50 mL) was added and the mixture partitioned
between water and ether (4 x 50 mL). Drying (Na2504),
filtration and removal of solvent gave an oil which was
purified on a Waters' Prep 500 on silica gel eluting
with 6% ethyl acetate/hexane to give 0.20 g of starting
ketone and 3.51 g (85% based on recovered ketone 26) of

a solid mp. 57.5-58.5°C: IR (CHCIS) 2880, 1740, 1670,
1440, 1410, 1390, 1370, 1315, 1250, 1150, 1100, 1080,
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1030, 925, 845 cm 1, 1H—NMR(CDC13)6 6.96 (dd, 1H, J = 1.4,
3.1 Hz, pyrrole C~BH), 6.Y0 (dd, 1H, J = 1.4, 3.7 Hz,
pyrrole C-3H), 6.10 (dd, 1H, J = 3.1, 3.7 Hz, pyrrole
C-4H), 2.73 (q, 2H, J = 7.5 Hz, -CH,-), 1.56 (s, 9H,
t-butyl CHy), 1.17 (t, 3H, J = 7.5 Hz, -CH;); ©°C-NMR
(CDCIS) ¢ 191.9, 148.7, 133.8, 127.3, 119.9, 109.7, 84.6

’

33.6, 27.5, 8.8.

Anal. calcd for C12H17N03: C, B64.55; H, 7.68.
Found: C, 64.51; H, 7.68.

1- (1-Phenylmethoxymethyl-1-azacyclopenta-2,4-dien-

T e o I T T N . Y VI VI I U U O AL VI VP VIR VI S VI V- Ol P Vi VR Vi Vi o
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according to the procedure for ketone 38. To ketone 26
(2.46 g, 20 mmol) were added commercial potassium t~but-
oxide (2.50¢g, 22 mmol) and chloromethylbenzyl ether (3.44 g,
22 mmol) to yield ketone 37. Purification by distillation
at 120°C (0.006 mm) gave a colorless oil (4.90 g, 100%): IR
(CHC13) 3000, 2960, 2900, 1665, 1550, 1480, 1430, 1310,
1250, 1220, 1100, 1040, 950, 755, 710 cm'l; 1H-NMR (CDClB)
§ 7.32 (s, S5H, phenyl), 6.97-7.14 (m, 2H, pyrrole),

6.20 {dd, 1H, J = 3, 4.5 Hz, pyrrvle), 5.81 (s, 2H,
—NCHZO~), 4.50 (s, 2H, ArCHZO-), 2.83 (q, 2H, J = 6.9 Hz,

CH,C0-), 1.17 (t, 3H, J = 6.9 Hz); 13

C-NMR (CDC15) 6
191.9, 137.3, 130.2, 129.6, 128.2, 127.6, 119.8, 108.8,
77.0, 70.4, 32.3, 8.9.

Anal. calcd. for C15H17N02: € 73.05; H, 7.04;
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N, 5.76. Found: C, 74.20; H, 7.20; N, 5.76.
Pyrrole ketone enolate. General procedure for

L i i O e T T e e e e e e e e e e

aldols. In a two-neck round-bottomed flask equipped
with a magnetic stirring bar, septum and nitrogen inlet
is placed diisopropylamine (1.2 equiv) and ether (2 mL/
equiv of amine). The solution is cooled to 0°C and
n-butyllithium (1.1 equiv) in hexane is added. After
15 min the solvent is removed in vacuo. The white powder
is redissolved in ether (1 mL/equiv), cooled to -98°C and
pyrrole ketone (1 equiv) in ether (2 mlL/equiv) is added
‘over 2 min. After 0.5 h, zinc chloride (1 equiv,
freshly fused) in ether (2 mL/equiv) is added and the
reaction warmed to 10°C to give a yellow solution.
Dimethoxyethane (5 mL/equiv) is then added. Aldehyde
(0.8 equiv) is added in dimethoxyethane (1 mL), the
reaction is stirred 5 min and saturated ammonium chloride
(1 mL/equiv) is added. The reaction is worked-up by
diluting with ether; washing 1 x water, 1 x 10%
hydrochloric acid, 1 x sodium bicarbonate; drying
(Na2504); filtration and removal of solvent in vacuo.
Aldol gondemsweion of kstans 27 With Denseldelyi.
According to the general procedure, ketone 37 (0.249g, 1.02
mmol) was added to benzaldehyde (0.1 mL, 1.0 mmol) to
give 0.359 g (90%) of an aldol product. The crude

- product was purified by flash chromatography on silica
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gel (25% ethyl acetate/hexane) TLC [silica gel, 25%
ethyl acetate/hexane, Rf = 2,8 (threo), 2.6 (erythro)]:
IR (CHCIS) 3460, 3050, 3000, 2960, 2900, 1645, 1540,

1510, 1460, 1425, 1300, 1240, 1210, 1090, 1040, 970, 920,
740, 710 cm—l; 1H—NMR.(CDC13)6 7.41 (s, 10H, phenyl),
6.96-7.15 (m, 2H, pyrrole), 6.20 (dd, 1H, J = 2.1, 4.5 Hz,

pyrrole), 5.76 (s, 0.6H, -NCHZO-), 5.74 (s, 1.4H, -NCHZO-),

5.13 {d, 0.3H, J = 3.5 Hz, erythro, -0CH-}, 4.93 (d, 0.7H,

J = 6.6 Hz, threo, -OCH-), 4.58 (s, 0.6H, -OCH,-Ar), 4.36

2
(s, 1.4H, -OCHZ-Ar), 3.93 (broad s, 1H, -OH), 3.43 (dt,
0.7H, J = 3.6, 7.5 Hz, -CHCO-), 2.74 (dt, 0.3H, J = 2.4,
5.4 Hz), 1.22 (d, 1H, J = 7.5 Hz, CHB—), 1:13 (4, 2H, J =
6.0 Hz, CHS-).

fided cupdensation or ketome SR bemzaldearie.
According to the general procedure, ketone 38 (0.222g,1.0
mmol) was ahded to benzaldehyde (0.1 mL, 1.0 mmol) to give
0.263 g (85%) of an aldol product. TH-NMR (CDCl,)
7.33 (broad s, 5H, phenyl), 6.78-7.00 (m, 2H, pyrrole),
6.14 (t, 1H, J = 3 Hz, pyrrole), 5.23 (d, U.28H, J = 1.5
Hz, -OCH-), 4.90 (4, 0.75, J = 7.8 Hz, -OCH-), 3.43
(pentet, 1H, J = 7.5 Hz, -CH-), 3.06 (broad s, 1H, -OH),
1.60 (s, 9H, t-butyl CH3), 1.03 (d, 3H, Jd = 6.9 Hz, -CHS);
HPLC (10% ethyl acetate/hexane, 1 foot u-porasil) k =

threo

4.2, k = 6.1,

erythro

B e I R S N N N T U PR VPO U P VR CR Vv e P S vp- o)
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oxopentanoate (39). According to the general procedure,
ketone 38 (0.305 g, 1.37 mmol) was added to aldehyde
39 to give four lactones (0.267 g, 80%). HPLC
(1 foot p-porasil, 25% ethyl acetate/hexane) kA =
2.46, kB = 3.54, kC = 4.30, kD = 4.74). Isomers A and
B were separated pure by chromatography on a Waters' Prep
500 (silica gel, 25% ethyl acetate/hexane). C and D
were 1solated as a mixture enriched in C.

40a: IR (CHCIS) 3000, 2960, 2920, 1725, 1690, 1665,
1445, 1430, 1405, 1360, 1305, 1240, 1140, 1065, 1030, 945,
000, 840 cn ', 'H-NMR (CDC1,)67.43 (dd, 1H, J = 1.5, 3.1
Hz, pyrrole), 6.96 (dd, 1H, J = 1.5, 3.6 Hz, pyrrole),
6.22 (r, 1H, J = 3.4 Hz, pyrrole), 4.41 (dd, 1H, J = 2.2,
10.2 Hz, -OCH-), 3.20-3.88 (m, 2H, -CﬁCHs), 2.48 (t, 2H,
J = 6.0 Hz, -CHZCO), 1.83-2.49 (m, 2H, CHZ), 1.56 (é, 9H,
t-butyl CHS)’ 1.48 (d, 3H, J = 6.6 Hz, acyclic -CHS), 0.92
(d, 3H, J = 6.6 Hz, cyclic —CHS).

1

40b: "H-NMR (CDC1;)67.43 (dd, 1H, J = 1.5, 3.1 Hz,

pyrrole), 6.96 (dd, 1H, J = 1.5, 3.6 Hz, pyrrole), 6.22
(t, 1H, J = 3.4 Hz, pyrrole), 4.48 (dd, 1H, J = 5.1, 8.3
Hz, -OCH-), 3.15-3.49 (m, Z2H, -CECHS), 2.46-2.60 (m, 2H,
-CH,C0), 1.58-2.03 (m, 2H, -CH,-), 1.59 (s, 9H, t-butyl
CH;), 1.27 (d, 3H, J = 6.9 Hz, acyclic -CH;), 1.04 (d,
3H, J = 6.3 Hz, cyclic -CHg).

40c: TH-NMR (CDC1;)64.66 (dd, 1H, J = 1.5, 10.5 Hz,

~ o~~~
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~QCH-) ,

1

40d: “H-NMR (CDC1;) & 4.26 (dd, 1H, J = 4.5, 8.4,

-QEH~] »
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oxopentanoate (39). According to the general procedure

ketone 37 (0.240 g, 0.99 mmol) was added to aldehyde §g to

give four lactones (0.311 g, 80%). Analysis of the four lac-
tones was performed by HPLC analysis (1 foot u-porasil, 25%
ethyl acetate/hexane): kA = 4.43, kB = 6.07, kC
= 7.50. By analogy, A was assigned as erythro/anti-

= 7.00,
kp

Cram, and B was assigned as threo/Cram.

~amAa A A~ AN~ ~am~m~m A~ A~ A A AR A AaAavAANA RS~~~ B R N
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36 (0.368 g, 0.49 mmol) were dissolved in THF (1 ml). Tetra-
n-butylammonium fluoride (5mL, 1M, S5mmol) in THF was added.
TLC (silica gel, ethyl acetate, Rf = 0.72) showed a new spot
which fluoresced, indicating removal of the trifluoroacetyl
group. After 10 h three new components were present (Rf =
0.69, 0.64, 0.46). The hi—Rf spots were spiroketals. The
lower Rf component was isolated by flash chromatography
(silica gel, 50% ethyl acetate/49% hexane/l1% triethylamine)
to yield 75.8 mg (37%)57 of an unstable o0il: IR (CHCIS)
3660, 3370, 3000, 2960, 2930, 1730, 1665, 1565, 1555,

1525, 1425, 1410, 1250, 1205, 1160, 1110, 1040, 925,
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665 cn™Y; 'H-NMR (CDC15)67.86 (broad s, 1H, NH), 7.54
(d, 1H, J = 9 Hz, Ar), 6.68 (d, 1H, J = 9 Hz, Ar), 5.52
(broad s, 1H, OH), 4.11-4.28 (m, 1H, vinyl), 3.96 (s, 3H,
-0CH;), 3.45-3.65 (m, 1H, -OCH-), 3.32 (d, 2H, J = 6.9 Hz,
-OCH,-), 3.05 (d, 3H, J = 3 Hz, -NCH3), 2.91 (d, 2H, J =
6 Hz, -CHZ- benzoxazole), 0.71-1.89 (m, 16H).

Exact mass (75 eV) m/e calcd. for C

H oy N 0

233N, 432.226.

6!

Found: 432.226.

Methyl-5- (methylamino)-2-|{(5R)-2-[(2R)-2-methyl-1-

~MAa A MR A M A A AAAAM AN A A AAM A A MR A A NSRS T A YA S A A AT A A A A A A A A A A
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mmol) in dichloromethane (9 mlL) was cooled to 0°C and chro-
mium trioxide (0.108 g, 1.08 mmol) was added. After 10 min
the orange solution was warmed to 25°C and stirred for 15

min. Alcohols 43a, 44a (0.0758 g, 0.18 mmol) in dichloro-

~ o~ o~

methane (1 ml) were added to the burgundy-colored solution.
After 15 min the reaction was worked-up as for aldehyde

17 to give 49.9 mg (66%) of a colorless oil: IR (CHCIS)
3350, 29%0, 2950, 2930, 1730, 1720; 1670, 1560, 1520,

1430, 1410, 1250, 1160, 1130, 1085, 1040, 800 cm—l; 1H—NMR
(CDC13) § 9.68 (d, 1H, J = 1.5 Hz, -CHO), 7.75 (broad s,
1H, NH), 7.54 (4, 1H, J = 9 Hz, Ar), 6.68 (d, 1H, J = 9 Hz,
Ar), 4.11-4.28 (m, 1H, vinyl), 3.96 (s, 3H, OCH3), 3.45-
3,65 (m, 1H, -0CH-), 3.09 (d, 3H, J = 3 Hz, —NCHS), 2,91

(d, 2H, J = 6 Hz, -CH,- benzoxazole), 0.69-2.00 (m, 16H).

2
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Exact mass (75 eV) m/e, caled. for C23H30N206: 430.210.

Found: 430.2009.
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bottomed flask, connected to a three-way valve and equipped
with a septum and magnetic stirring bar, were placed
diisopropylamine (0.15 mL, 1.1 mmol) and ether (2 mlL).

The solution was cooled to 0°C, n-butyllithium (0.69 mL,
1.0 mmol) in hexane was added and stirring continued for

15 min. After solvent removal in vacuo the residual

white powder was dissolved in ether (2 mL), cooled to

-98°C and ketone §§ (0.223 g, 1.0 mmol) in ether (2 mlL)

was added over 5 min. The yellow solution was stirred

0.5 h and zinc chloride (0.14 g, 1.0 mmol, freshly fused)
in ether (2 mL) was added. Warming to 10°C was followed

by dilution with dimethoxyethane (5 mL). Aldehydes 43 and
44 (0.050 g, 0.12 mmol) in dimethoxyethane (2 mL) were
added, the reaction was stirred 5 min and saturated
ammonium chloride (2 mL) was added. Workup was the same

as in the general procedure. The crude product was dis-
solved in toluene (2 ml), Dowex resin48 (2 g, sulfonic acid
H form) was added and the mixture was heated to 100°C

for 8 h. The mixture was purified to isolate the major
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component (flash chromatography, silica gel, gradient
from 10% ethyl acetate/hexane to 50% ethyl acetate/
hexane, TLC silica gel, 40% ethyl acetate/hexane, Rf =
0.17) as a yellow o0il (11.2 mg, 18%50 based on aldehyde)
identified as A-23187 methyl ester by comparison with an
authentic sample: IR (CHCIS) 3440, 3360, 3000, 2960,
2030, 2870, 1710, 1670, 1635, 1555, 1520, 1450, 1430,
1415, 1405, 1308, 1250, 1160, 1130, 1070, 1000, 985, B9D,
8§00 cm-l; 1H-NMR(&DC13)610.Z (broad s, 1H, pyrrole -NH),
7.84 (broad s, 1H, -NH), 7.62 (d, 1H, J = 9.0 Hz, benz-
oxazole aromatic), 6.89 (apparent triplet, 2H, J = 1.9
Hz, pyrrole), 6.65 (d, 1H, J = 9.0 Hz, benzoxazole
aromatic), 6.13-6.27 (m, 1H, pyrrole), 4.10-4.21 (m, 1H,
~0CH-~) 5 3.87 [8,; 3H; -OCHS), 3.60 (dd, IH, J = 2.1, 10.7
Hz, -OCH on pyrrole side), 2.61-3.40 (m, 3H, -CHZ-
benzoxazole and -CHCO-), 2.92 (d, 3H, J = 3.6 Hz, -NCH,),
0.78-2.09 (m, 21H); [a]Z® = -10.0° (C = 0.011 g/mL, CHC1,).

Anal. calcd. for C30H39N306: G, 67.04; H, 7.31: N,
7-82. Found: €, 67.311; H, 7.555 N, 8.04.

Exact mass (75 eV) m/e, calcd. for C30H39N306: 537.284,

Found: 537.286.

The authentic sample was prepared by treating A-23187
with 20 equivalents of dimethylformamide dimethylacetal
in toluene at 110°C for 10 h. 1Isolation was by chromatog-

raphy on silica gel (ether). IR and NMR were identical.
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[a]£3 = -10.4° (C = 0.009 g/mL, CHC1,).
(28)-5- (Methylamino)-2- | { (3R, 6R,8S,9R,11R)-3,9,11-

S ey ik e Glal.  S-RBLST MERNEL SSEer gh

(5.1 mg, 9.5 u mole) was dissolved in hexamethylphosphoric
triamide (1 ml) and lithio-n-propylmercaptide (0.12 mL,
0.038 mmol) in the same solvent was added at 25°C. After
3 h ether (10 mL) and ice cold water were added. The ether
layer was washed several times with.water, dried (NaZSO4),
filtered and solvent removed. Trituration with hexane gave
a solid. Recrystallization from hexane/acetone gave 4.8 mg
(95%) as a cream colored solid, mp. 184.5-186°C (1lit. 181-

la

182°C):~% IR (CHC1;) 3500-2600, 3440, 3350, 3000, 2960, 2940

1695, 1635, 1585, 1560, 1530, 1450, 1420, 1405, 1255,
1160, 1080, 1060, 1000, 985 cm’l; 1H~NMR(CDC13)613-2-

12.0 (broad s, 1H, -COZH), 10.81 (broad s, 1H, pyrrole

NH), 8.06 (broad s, 1H, NH), 7.59 (d, 1H, J = 9.3 Hz,
benzoxazole aromatic), 7.06 (m, 1H, pyrrole), 6.94 (m,

1H, pyrrole), 6.73 (¢, 1H, J = 9.3 Hz), 6.30 (m, 1H,
pyrrole), 4.26 (dt, 1H, J = 3.1, 7.2 Hz, -OCH- benzoxazole
side), 3.70 (dd; 1H, J = 2.1, 10.2 Hz, -OCH- pyrrole side),
2.73-3.45 (m, 3H, -CHCO- and -CH,- benzoxazole), 2.96 (s,
3H, NCHS), 1.00-2.00 {m, 9H)}, 0.71=1.03 (m, 12H, CHS);
13c-NMr (CDC1,) 6 193.8, 168.0, 165.9, 150.6, 141.5, 140.5,
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133.0, 124.4, 116.7, 116.25, 110.0, 108.2, 98.4, 87.6,
72,6, 68.3, 43.4, 35.0, 32.4, 32.2, 29.9, 28.06, 28.2,
25.7, 25.4, 16.1, 13.1, 11.35, 10.75; mixed mp. (182.5-
184); [aly = -55° (C = 0.007 g/mL, CHCl;) (1it. -56°C,>>
C =0.01 g/mL, CHC13); mass spectrum (75 eV) m/e: 523.270
(calcd. 523.268), 479, 318, 274, 123.

Anal. calcd. for 629H37N306: c, 66.51; H, 7,13;

N, 8.02. Found: €, 66.61; H, 6.96; N, 7.78.

b
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CHAPTER IV

Studies on Pyrroles
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Besides A-23187, 1, only one other pyrrole containing
ionophore is known, X-14547A (g).l Isolated by Westley
and coworkers, its structure has been solved by X-ray anal-
ysis.1 As investigations for new antibiotics possessing ion
transporting qualities continue, new pyrrole containing
molecules will undoubtedly be found. For this reason,
general methodology for the introduction of a pyrrole

unit is desirable.

NHCH3

=
LN

In general, pyrryllithium §§ alkylates on nitrogen
and carbon.2 Addition of esters or acid chlorides to §§
or 3b gives both C-Z and C-3 acylated products. To be
useful, complete control of the regiochemistry (ie,
alkylation or acylation at C-2) is important. Specifically,
for both A-23187 and X-14547A, control of the acylation

reaction is necessary. An initial investigation of the

pyrrylcuprate 4, as shown is Scheme I, was less than satis-
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factory. Although cuprates are known to give ketones
by reaction with thioesters or acid chlorides,3 cuprate

4 gave only poor yields of the desired pyrrole ketone 6.

§cheme I
3 R
—
(/ \§ — CN}CuLi-MeZS ¥ /\r
2 = 0
N 2
l _
A 4 5a, R = (1
b, R = SCHy
3a, M = Li
b, M = Mg

¥ ON

We therefore considered blocking the nitrogen and
generating the 2-pyrryllithium with a strong base.

Such a blocking group, in order to be compatible with
sensitive functionality generated during a synthesis,

should be easily removed under mild conditions. A search
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of the literature revealed that the only N-blocked pyrryl-
lithium known was the N-methyl pyrrole.4 Unfortunately,

the methyl was not removable. However, based on studies

by Sundberg5 and Levy6 with N-blocked indole systems,

we chose to investigate the methoxyethoxymethyl (MEM)
blocking group.7 Treatment of pyrrole potassium8 with
MEM-C1 gave the protected pyrrole 7 as shown in Scheme II.
Reaction of 7 with t-butyllithium under carefully controlled
conditions9 then gave good yields of the lithiated pyrrole

8 (see Table 1). Treatment of pyrryllithium 8, under con-

Scheme 11

~a~ A~ A~ A~~~

T
[ o)

ditions which gave 65% lithiation (experiment 2), with

electrophiles proceeded well as shown in Scheme III.
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Table 1. Metalation of 7 and Quenching With CH;0D.
Experiment % Mass % b
Base (equiv) T (%) Solvent Recovery Conversion
1. t-Buli (1.1) 4-25  ether? 80 68

2. t-Buli (1.7) ~1U~-25 THF 60 65

3. n-Buli (1.2) - 30 THF c - -

4. t-Buli (1.1) 30 ether?:d 85 75

5. t-Buli (2.0) -30  ether®’® 80 100
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