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ABSTRACT

Histrionicotoxin (HTX) is a unique alkaloid secreted

from the skin glands of the arrow poison frog, Dendrobates

histrionicus. This base has been found to be a highly

active venom as well as a mucosal tissue irritant toward
both mammals and reptiles. Syntheses of perhydrohistrionico-
toxin (le-HTX), which exhibits all of the biological
activities that histrionicotoxin does, and a photoaffinity
labeled derivative of HlZ-HTX are described.

An approach to the synthesis of the cis-enyne moieties
in HTX is presented. This method utilizes the stereo-
selective synthesis of B-hydroxy acid derivatives obtained

via the boron enolates of 3-acyl-oxazolidine-2-ones.
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CHAPTER 1

A Stereoselective Synthesis of (#) H,,-Histrionicotoxin

12
and Related Photoaffinity Labeled Congeners



Abstract. A practical six-step stereoselective total
synthesis of (t)-perhydrohistrionicotoxin ({i) (le-HTX)
is reported. The desired 6,6-azaspiro[5.5]undecane ring
svstem found in these alkaloid toxins has been con-
structed via the formic acid-induced cyclization of
either dihydropyridone 6 or carbinolamide g. The

photoaffinity labeled toxin analog 4c has also been

prepared which binds to Torpedo californica electroplax

membrane fragments with comparable binding affinities

to (¢) H,,-HTX (4a).

12



Introduction

P R O e )

In recent years the tropical "arrow poison frogs,"

belonging to the genera Dendrobates have been found to

-
yield a host of new structurally unique alkaloids.“’3
These bases, which are localized in the frog's defensive

skin secretions, have been found to be highly active

venoms as well as mucosal tissue irritants towards both
mammals and reptiles. The meticulous investigations of
Daly, Witkop, Karle and co-workers have been instru-
mental in revealing the structures of many of these
physiologically active alkaloids which have attracted
widespread interest as targets for total synthesis.
Three representative alkaloids which have been isolated
by the NIH group are shown below to 1llustrate several
common substructural relationships.

)Za-d

The Clg-alkaloids histrionicotoxin (HTX (1)

and gephyrotoxin (Z)4 (Dendrobates histrionicus) share

common cis-envne sidechains while pumiliotoxin-C (3)

(Dendrobates pumilio) and gephyrotoxin (%) are both

elaborated cis-decahydroquinolines. Other pumiliotoxin-C
class alkaloids of the C19 type possessing the cis-enyne
moiety have recently been tentatively identified.4

Both histrionicotoxin (1) and perhydrohistrionicotoxin
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(Hl,-HTX) (4a) have attracted considerable interest from
the standpoint of total synthesis, and while a total
synthesis of HTX 1s yet to be accomplished, several

different approaches to the construction of H HTX

12°
have been reported.s’6 The attention given to these
objectives stems from their unique properties as neuro-
toxins in conjunction with the scarcity of HTX (ca 200 ug
per frog). It has been shown that both 1 and {g
selectively bind to the acetylcholine receptor and

interupt transsynaptic transmission of neuromuscular

impulses.7 Both 1 and 4a also block postsynaptic



membrane depolarization while not interferring with
acetylcholine binding. It has been postulated that
these toxins prevent membrane depolarization by reversible
binding to the receptor ion channel or "ion conductance
modulator.”7

The objectives of the current study have been to
develop a highly practical laboratory synthesis of (+)-
perhydrohistrionicotoxin ({3) as well as a suitably
functionalized photoaffinity labeled congener, e.g., 4c,
that might be employed to label that (those) polypeptide(s)
which is the structural component(s) of the acetylcholine

receptor ion channel.® The rationale for selecting the

H H ——— H H
N 7 N
X N N\
H OH H OH
et 5
JD\TX=OH o
% 3



C.-sidechain terminus for photoaffinity labeling was

5
predicated upon choosing a site distal to both the amine

and C8-hydroxy1 functions which are probably critical to

toxin receptor binding. Accordingly, the functionalized
HTX derivative 5 was chosen as the penultimate objective
for the present study.

The two basic approaches to the synthesis of histrionico-
toxin ({), perhydrohistrionicotoxin ({%) and related
congeners under investigation in these laboratories is
illustrated in Scheme I. Both % and {% (R = E=2-CECH or
-Q-C4H9), as depicted in {, possess a latent skeletal
1 C67C7o
and CS-OH bonds are disconnected as in transform Ao In

symmetry element which is revealed when the N-C

principle, the requisite stereocenters at Cg, C-, and Cg
can be constructed in a single step via electrophilic
olefin addition. In the present study the less symmetric
toxin congeners 4 were derived by a variant on this

approach from spirolactam III (R = Q—C4H9) which had

~ o~

been prepared earlier by Kishisa’b and CoreySC in a
successful synthesis of {%. The choice of this latter
route becomes compelling in the face of the uncertainties
surrounding the construction of photoaffinity labeled

toxin analogs which might retain high receptor binding

affinities. The following discussion describes the



Scheme I
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viability of employing the acylimmonium ion approach,

IV » III, in a practical synthesis of histrionicotoxin

9
congeners 4 and 5.



Results and Discussion

P e T e I e

~ o~~~ A

The synthesis of the dihydropyridone 6, a suitable

precursor to acylimmonium ion {Y (R = n- C4H9), was

efficiently carried out from glutarimide and the

Grignard reagent 7a.

Following conventional lines,

l-hepten-3-0l was transformed into the unsaturated

ester 7d (eq. 1) in 95% yield via the ortho ester

Claisen rearrangement.lo

Lithium aluminum hydride

reduction of 7d and subsequent conversion of 7c to the

corresponding unsaturated bromide was carried out in a

66% overall yield from the heptenol starting material.

NH

Yoo

OH

NN

aHg

<+

H

EtO

I g,X=MgBr
B X=Br
c, X=0H
H
M\/\
0 H
7d
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Following established precedent, the addition of

Grignard reagent 7a to the bromomagnesium salt of

~ -~

glutarimide in diethyl ether afforded a 62% yield of both

ketoamide 8 and carbinolamide % as a l:1-mixture (Scheme
IT). Although 8 and 9 could not be effectively separated,
the mixture could efficiently be transformed to the di-
hydropyridone Q accompanied by minor amounts of its
exocyclic olefinic isomer (K endo T exo = 9) in 75%

€q
vield by acid catalysis with azeotropic removal of water.

In exploring conditions to improve the overall efficiency
of the Grignard addition step, it was found that if a
solution of the glutarimide salt was prepared in dichloro-
methane the addition of Grignard reagent 7a proceeded in
nearly quantitative yield to afford the carbinolamide 9
uncontaminated by ketoamide 8. After exploring a range

of acid catalyzed cyclization conditions it was found

that 0.1 molar solutions of q in anhydrous formic acid
(25°C, 32 h) afforded a mixture of lactam cyclization

products from which the nicely crystalline lactam 1lla

was isolated in 40% yield after chromatography. Hydrolysis
of the formate ester (MeOH, MeONa) afforded hydroxylactam
11b, mp 133-136°C, which was found to be identical in

~ o~

all respects to a independently prepared sample provided

by Professor Kishi.Sa An experimentally simplified
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Scheme II
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procedure for the synthesis of the desired lactam 1lla

~ ~ o~

was developed once the technical details for the synthesis

of carbinolamide 9 had been refined. Direct acid

catalyzed cyclization of the unpurified carbinolamide §S

afforded the desired lactam formate ester {{g which could
be purified by direct crystallization from diisopropyl
ether. By this procedure a 33% yield of {{3 was

realized for the combined two steps from glutarimide.
These complementary sets of experiments confirm that

either enamide Q or carbinolamide % are effective
acylimmonium ion precursors. However, this was shown
not to be the case for ketoamide 8 which may be recovered
intact after the usual formic acid treatment.

A priori there are four competing cyclization modes
which are accessible to acylimmonium ion 10; two of
these result in the formation of the C6-diastereoisomeric
l-azaspiro[5.5]undecane lactams (eq. 2,3) while the
other two lead to the l-azaspiro[5.5]decane ring system
(c.f. {%). The logic which had been employed for
predicting that transition state A, leading to the desired
lactam 11, would be preferred over transition state B

~ ~ -~

rested on two tenuous points: It was assumed that the

C4Hg-sidechain would prefer to eclipse trigonal rather

than tetrahedral atoms (AHA# < AHB#); and transition
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H
HCO,H © . & (2)
H OCHO
il
0
NH
H
HCO,H
_— (3)
H  “beHo
2o -l

state NH-solvent hydrogen bonding reorganization would
be greater for % than é (ASB# < ASA#). In order to

provide information pertaining to the relative energetics
of the competing cyclization modes accessible to acyl-
immonium ion 10, a careful analysis of all reaction
products was undertaken by high pressure liquid chroma-

tography. The isolated products were found to be: 10%

recovered enamide 6, 10% of the enamide dimer,12 40%

of the desired lactam 1lla, 20% of the 6,5-spirolactam

-~~~

12a and 10% of a diastereoisomeric 6,5-spirolactam epi-

-~~~

{%g. The structures of both 12a and epi-12a were

~ o~ o~ ~ o~ o~



determined in the following manner. Jones oxidation of

both 12b and epi-12b afforded the respective ketones

~ o~ o~

13 and epi-13 each of which was equilibrated (MeOH,
MeONa) to a 1l:1-mixture. The HPLC retention

volumes of both 13 and epi-13 were different than those

observed for the corresponding retention volumes of the

two C7-epimeric ketones derived from the 6,6-lactam 11b.

~ o~ o~

Hence, neither 12 or epi-12 possessed the 6,6-azaspirane

~ o~

skeleton. Successive Baeyer-Villiger and chromate

oxidation of 13 afforded keto lactam 14 which confirmed

~ -~ ~ o~

the presence of the 6,5-azaspirane skeleton in both 12

0,

and eEi-{%. Within the error limits of ca. 5% it is
2

- .

CqHs

(@)
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concluded that: (a) 6,6-spirocyclization is preferred
over 5,5-spirocyclization by a ratio of 4:3; and (b)
the observed diastereoselection in the 6,6-spirocycliza-
tion manifold to produce the desired Kishi lactam E{
(eq. 2 vs 3) is very large. During the course of this
study Speckamp and co-workers disclosed a similar
synthesis of 1lla (23%) via the same strategy.133 It

is noteworthy that these workers did not observe any

of the alternate cyclization mode (e.g., 10 - 12) in

their investigation, but this path becomes dominant

in closely related analogs.13b

The elaboration of lactam {1@ to the HTX skeleton
is 1llustrated in Scheme III. Transformation of 1lla

~ o~

to the crystalline hydroxy thioamide 15b was

~ o~ -~

accomplished in 91% yield by successive treatment with

phosphorus pentasulfide and sodium hydroxide. Subsequent
methylation (Mel) afforded a quantitative yield of
methylthioimidate {Q which existed predominantly, if not
exclusively, in the depicted hydrogen bonded conformation

as evidenced by both high dilution infrared and ly-NMR

studies. Both of the above reactions were based upon

analogous reactions executed by Kishi on 15 (X = O,

S5a,b

R = C(O)CHS). Pretreatment of hydroxy thioimidate

16 with anhydrous magnesium chloride (CH Clz) to form

2
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the presumed chelate 914 followed by the addition of

4-pentenylmagnesium chloride afforded a 67% yield of

15

the imine 17. The success of this reaction was

~ ~

found to be critically dependent upon the preformation

of the magnesium-imine complex in methylene chloride;
direct treatment of 16 with an excess of the desired
Grignard reagent lead only to apparent enolization.

In our hands, the reported diisobutylaluminium hydride-

promoted organolithium addition reactions were only

. Sa
marginally successful.

Based upon established precedent, aluminum hydride

reduction of imine 17 in toluene (-70°C) proceeded

~ ~

stereoselectively to the desired HTX congener 5a along

with minor amounts of the C,-epimer 5b (5a:5b = 93:7).53’16

~ ~ ~

The structure of HlO-HTX (5a) was confirmed by catalytic

hydrogenation (Pd-C, THF) to H,,-HTX ({§) in quantitative

12

yield (Scheme IV). HlZ-HTX prepared via this route

proved to be identical in all respects [lH-NMR, 1R,
mixed mp (HC1 salt), HPLC, biological activity] to

an authentic sample of (%) le—HTX provided to us by
Professor Y. Kishi.sa’b

The elaboration of H,.-HTX (5a) to the photoaffinity

10
labeled toxin congener 4c is illustrated in Scheme IV.

Hydroboration (BHS-SMez, CHZCIZ) of 5a with excess



reagent followed by basic peroxide treatment afforded
the amino diol {Q. Treatment of {Q (THF) with 2.5

equiv of potassium tert-butoxide followed by one equiv

of 4-fluoro-3-nitrophenylazide ({%)18 selectively formed
the toxin-labeled phenoxy azide {E in 80% yield (based
upon Hq,-HTX (5a) after purification by chromatography).
It is presumed that this reaction proceeded via the
bis-potassium alkoxide derived from {Q. The origin of
the demonstrated greater reactivity of the primary

alkoxide in this reaction was anticipated since the

Cg-alkoxide could be stabilized via nitrogen chelation.
In earlier abortive experiments designed to derivatize
diol {Q with acid chloride-derived photoaffinity labels,
it was found that acyvlation (PhC(0)Cl,2,6-1lutidine)
proceeded selectively at the C8-hydroxy1 function from
which acyl transfer to the secondary amine was observed.
This result is compatible with the normally observed

nucleophilic enhancement of alcohols proximal to amine

functions. The binding affinity of the photoaffinity-

labeled toxin 4c, carried out on Torpedo californica

electroplax membrane fragments by a competition assay,
revealed that the presence of the phenoxyazide moiety

on the Cs-terminus in 4c does not significantly alter

toxin binding properties (for 5a, KI = 1-10'6 M; for



Scheme IV
C.Hs C4H9
H H
BH,
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OH N OH
H H
=
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dc, KI = 5-10 M). Receptor polypeptide labeling

studies will be reported in due course.
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Grignard reagents were prepared from one equivalent of
alkyl halide and one equivalent of magnesium in diethyl
ether, decanted, and titrated.19 All temperatures refer

to the reaction itself.
(E)-Ethyl-4-nonenoate (7d). A solution of 1l-hepten-

B T T i T T O N T T T T I VIV

3-01 (45.6 g, 0.4 mol), triethyl orthoacetate (453.6 g,

2.8 mol) and propionic acid (1.7 g, 24 mmol) was heated
between 120-150°C for 1 h, until ethanol ceased to distill
from the mixture. After removal of the remaining solvent
by distillation under 1 atm,the crude product was distilled
to afford 69.7 g (95%) of 7d as a colorless liquid, bp 83-

86°C/2 mm Hg (lit.zo

60°C/0.3 mm Hg). The distilled pro-
duct was homogeneous by gas chromatography [5% FFAP (9
feet)/120°C]. 1H-NMR (CDC13) § 5.39 (m, 2H, =C-H), 4.10
(9, 2H, J = 6.1 Hz, -0-CH,;), 1.62-2.11 (m, 2H), 1.10-1.45
(m, 7H), 0.88 (t, 3H, J = 5.5 Hz, -CHS); IR (neat) 2950,
2920, 1728, 1362, 1157, 962 em 1.
(B)-4-Nomen-1-ol (7c). Ester 7d (60.5 g, 0.33 mol)

and lithium aluminum hydride (12.5 g, 0.33 mol) in
diethyl ether (1.0 2) were stirred for 14 h at 25°C
under nitrogen. The reaction mixture was quenched by
the slow addition of water (12.5 mL), sodium hydroxide
(12.5 mL, 15% aqueous) and then water (37.5 mL). The
white precipitate was removed by filtration, and the

organic phase dried (NaZSO4). Filtration, removal of



the solvent 1in vacuo, and distillation afforded 42.0 g

(90%) of 7c, bp 55°C/0.4 mm Hg (1it.2% 83°C/0.3 mm Hg).
1H-NMR (CDClS) 86 5.37 (m, 2H, =CH), 3.55 (£, 2H, J = 6,90
Hz, O-CHZ), 1,78-2.50 {m, SHY, 1.42-1.98 (m, 2H}, 1.03-

1.42 (m, 4H), 0.88 (t, 3H, J = 5.5 Hz, CHS); IR (neat)

3360, 2950, 2920, 1045, 962 cm I,

(E)-1-Bromo-4-nonene (7b). Methanesulfonyl chloride

A A A A A A A A A A A A A R A A A A A A A A

stirred solution of alcohel 7¢ (39.0 g, 0.27 mol), tri-
ethylamine (40.4 g, 0.4 mol) and dichloromethane (1 2)
cooled to 0°C under nitrogen. The reaction mixture was
stirred at 0°C for 45 min. The organic phase was washed
with water (500 mL), saturated aqueous sodium bicarbonate
(250 mL), saturated aqueous sodium chloride (250 mL),
dried (NaZSO4), and filtered. Removal of the solvent

in vacuo afforded the crude mesylate. Lh-NvR (CDC1z) §
5.43 {(m, 2H, =CH), 4.23 (t, ZH; -CHZO), 3.00 (s, 3H,
CHSSOZ-), 0.87-2.00 (m, 13H, alkyl). IR (neat) 2920,
1460, 1350, 1171, 970, 928, 830, 733 cm-l. The crude
mesylate and lithium bromide (94.0 g, 1.08 mol) in
acetone (500 mL) were stirred at 25°C for 14 h under
nitrogen. The reaction was filtered, concentrated, and
diluted with ether (500 mL). The ether layer was extracted

with water (2 x 100 mL), dried (Na2804), and the solvent

removed in vacuo. Distillation afforded 45.7 g (82%) as



[ 8]
(9]

2
a2 colorless oil, bp 93-95°C/10 mm Hg (1it.2)

Hg). CH-NMR (CDC1,) § 5.08-5.65 (m, 2H, =C-H), 3.34 (t,

50°C/0.2 mm

2H, J = 6.0 Hz, Br-CHZ), 1.65-2.21 (m, 6H), 1.02-1.45
(m, 4H), 0.70-0.95 (m, 3H).

Grlonard addition of 7a to glutarimide in diethyl

B e A A A A A A AU A A A A A A AR A M A R AR A A A A A A A A A A A A A A e R A A A

72 mmol) and magnesium turnings (1.92 g, 0.08 g-atom) in
diethyl ether (100 mL) under nitrogen. In a separate
flask glutarimide (6.78 g, 60 mmol) and methylmagnesium
iodide (27.2 mL, 60 mmol) were heated at reflux in
diethyl ether (100 mL) for 0.5 h. Grignard reagent Z%
was added to the iodomagnesium salt of glutarimide and
the entire mixture was heated at reflux for 0.5 h; the
reaction mixture was cooled to 0°C, and quenched with

saturated aqueous ammonium chloride (100 mL). The

resultant suspension was filtered; the organic and

aqueous layer separated; and the aqueous layer was

extracted with chloroform (5 x 100 mL). The combined
organic extracts were dried (MgSO4), filtered, and the
solvents removed in vacuo to give a mixture of § and 9
(1:1 by NMR). Chromatography (Waters Prep 500 chroma-
tograph, Silica Gel, ethyl acetate, retention volumes:

[9 (13.88 mL), 8 (15.06 mL)] afforded 8.95 g (62%) of a

mixture of endocyclic and exocyclic enamides Q,ketoamide



[§%)
w

8, and carbinolamide 9.

Ketoamide 8. Mp 90-91°C, TH-NMR (CDC1,) 5 5.65 (bs,

2H, -NH,), 5.24-5.30 (m, 2H, =CH), 1.40-2.56 (m, 14H,

alkyl), 1.12-1.40 (m, 4H), 0.76-0.96 (m, 3H, -CH;); IR

(nujol) 3382, 3190, 2920, 1700, 1655, 1640, 960 cm‘l;

13¢_NMR (CDC1;) & 210.6 (), 174.7 (C;), 131.5, 128.9

(Cg, Clo), 42.1; 41.4, 34.7, 32.2, 32.0; 31.7, 23.6; 19.6,
19.5, 14.0,

Anal. Calcd. for C14H25N02: Gy 70,25: H, 10.535.
Found: C, 69.94; H, 10.11.

Carbinolamide 9, 'H-NMR (CDC1s) 6 8.04 (bs, 1H, -NH),

5.10-5.57 (m, 2H, =CN), 2.83-0.69 (m, 22H); IR (neat)
3320, 3240, 3180, 2930, 1670, 1640, 1465, 970 cm-l.
Endocyclic and exocyclic enamide 6. A mixture of

R e T e e T - R I )

ketoamide § and carbinolamide ? (2.0 g, 8.4 mmol), toluene
(50 mL), dimethylformamide (1 mL) and p-toluensulfonic
acid (S mg) were heated at reflux for 48 h under nitrogen.
The mixture was concentrated, diluted with diethyl ether
(50 mL), and extracted with saturated aqueous sodium
bicarbonate (1 x 100 mL). The organic portion was dried
(MgSO4), evaporated in vacuo, and chromatographed (Silica
Gel, 50% hexane/50% ethyl acetate) to yield enamide 6

(9:1 ratio by 1H-NMR of endocyclic:exocyclic, 75%).

Endocyclic enamide 6, 'H-NMR (CDC1,) § 5.28-5.42 (m, 2H,
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=CH), 4.68-4.86 (m, 1H, N-C=CH), 1.00-2.52 (m, 16H,
alkyl), 0.78-1.00 (m, 3H, -CH;); IR (meat) 3220, 3140,
3100, 2930, 1687, 1665, 1378, 1167, 966 cm L.

Anal. Calcd. for C,,H, NO: C, 75.97; H, 10.47; N,
6.33. PFound: C, 75.90; H, 10.35; N, 6.30.

1

Exocyclic enamide 6. H-NMR (CDCISJ § 7.48 (bs, 1H,

=NH), 5.21-5.41 (m, 2H, =CH}, 4.32 (€, 1H, J

6.0 Hz,
N-C=CH), 2.16-2.50 (m, 3H), 1.52-2.16 (m, 6H), 1.00-1.52
(m, 7H), 0.74-1.00 (m, 3H, -CH;). IR (neat) 3220, 2960,
2930, 1682, 1665, 1380, 1182, 965 cm .

el ol s e Sl e T (B e [ RninE NG

2-one) formate (lla). 1i. From enamide 6. Enamide 6
(1.29 g, 5.8 mmol) was dissolved in anhydrous formic acid
(60 mL) and stirred at 25°C for 32 h. The solvent was

removed in vacuo, and the residue dissolved in toluene.

Removal of the solvent in vacuo followed by chromatography
[Waters Prep 500 chromatograph (Silica Gel, ethyl acetate)]
afforded 0.70 g (40%) of lla as a white crystalline solid,

mp 148-149°C. 1

H-NMR (CDC13) § 8.06 (s, 1H, O-CH), 6.89
(s, 1H, NH), 4.78-5.16 (m, 1H, -CHO-), 2.10-2.44 (m, 2H),
0.72-2.10 (m, 20H, alkyl); IR (CHCIS) 3400, 2900, 1716,
1650, 1185 Cm-l; 13C-NMR (CDClS) g 171.9 (CZ), 160.1
(formate), 73.9 (Cs), 58.5 (C6), 50.7 (C7),36.1 (C3),

32,2, 31.4; 28.5, 27.8, 26.7, 23:0,; 18.5; 16.8, 15.9.



Anal. Calcd. for ClSHZSNOS:

5.24. Found; G, 67.48F H, 9.16% N, 5.25.

c, 67.38; H, 9.43; N,

{{L~N€{eq~%{gzatiqiq?. Methylmagnesium bromide (26
mL, 2.9M inether) was added to a magnetically stirred
solution of glutarimide (9.31 g, 82.3 mmol) in dichloro-
methane (1400 mL) under argon. A white precipitate formed

and the reaction was heated to reflux for 30 min. The

reaction mixture was cooled to 25°C, and the Z-4-

nonenylmagnesium bromide ZQ (90 mL, 1.2 M ether) was
added. The reaction mixture was heated to reflux for

18 h, cooled to 0°C, and quenched with saturated aqueous
ammonium chloride (520 mL). The resultant suspension

was filtered, and the organic and aqueous layers separated.

The aqueous phase was extracted with dichloromethane

(4 x 250 mL). The combined organic phases were dried
(MgS0,), filtered, and the solvents removed in vacuo to
give the carbinolamide % which was carried on without
purification. Cyclization of % was carried out in
anhydrous formic acid (850 mL) at 25°C for 48 h. The
solvent was removed in vacuo, and the residue dissolved
in toluene (500 mL). Removal of the solvent in vacuo
and recrystallization (isopropyl ether) afforded 7.3 g

(33%) of 1la as a white crystalline solid, mp 148-150°C.

~ o~

Product analysis of formic acid cyclization of 6 or 9.
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Chromatographic separation (Waters Prep 500 chromatograph,

Silica Gel, ethyl acetate) of the formic acid cyclization

products from enamide 6 or carbinolamide 9 afforded 1lla

~ o~ o~

(40%), {%Q (20%), and egi-{%% (10%). Observed retention
volumes: [analytical HPLC, u-Poracil (30 cm), ethyl

acetate, 6 mL/min] 1la (14.3 mL), 12a (11.2 mlL), epi-1l2a

~ o~ o~ ~ o~ o~ ~ A

(13.1 mL). Compound 12a was isolated as a white crystalline

~ o~ -~

solid, mp 118-120°C. IR (CHC15) 3190, 3040, 2958, 1708,

1650, 1180 cm'; TH-NMR (CDCl,) 6 8.05 (s, 1H, O=CH),
7.45 (s, 1H, NH), 5.13 (dd, 1H, J, = 5.4 Hz, J, = 10.8 Hz,
-OCH-), 2.10-2.42 (m, 2H), 1.0-2.10 (m, 17H, alkyl),

13

0.70-1.00 (m, 3H, -CHS); C-NMR (CDCIB) § 172.0 (C7),

160.3 (formate), 72.8 (Cll), 64.2 (CS), 82.2 (Cl), 40.0
(Cg), 33.5, 31.3, 27.4, 26.7, 24.5, 22.4, 19.9, 17.8,
13.9.

Anal. Calcd. for CISHZSNOS: C, 67.38; H, 9.43.
Found: C, 67.27; H, 9.31.

Compound 921'{%3 was isolated as an oil. IR (neat)
3200, 3064, 2940, 1715, 1650, 1180 cm .

et A I R R R o e SR - i L T T R

undecane-2-one (11b). Formate 1la (1.0 g, 3.75 mmol) was
added to a magnetically stirred solution of sodium
methoxide (270 mg, 5 mmol) and methanol (150 mL) under

nitrogen. The solution was stirred at 25°C for 0.5 h.
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The solvent was removed ig vacuo and the residue was
diluted with dichloromethane (250 mL). The organic

portion was extracted with water (25 mL), dried (Na 804),

2

filtered, and concentrated to give crude 11b as a white

~ o~ o~

solid. Recrystallization (diethyl ether/ethyl acetate)

gave 855 mg (95%) as a white, crystalline solid, mp 133-

bia 1

136°C (1lit. 153-134°C) . H-NMR (CDCIS) ¢ 8.60 (s, 1H,

NH), 5.50~5.68 (m, 1H, OH), 4.00 {(bs, 1H, 0-CH), 2.05-

2:32 (m, ZH, O=C-CH2), 0.68-2.03 (m, 20H, alkyl); IR
1,

’

(CHC1;) 3360, 2951, 1623, 1462, 970, 828, 658 cm
13C‘.\'MR (CHCls) § 171.4 (Cz), 69.7 (C8), 57.4 (C6), 49.3
(C7), 53.1 (CS)’ $2.9; 31.1, 3.4, 28.4; 27.5, 22.9;
16.5, 16.0, 14.0.

Anal. Calcd. for CIJHZSN
N, 5.85. Found: C, 70.35; H, 10.67; N, 5.57.

0,: C, 70.25; H, 10.53;

Rel-(6S,7S)-7-butyl-1l-azaspiro[5.5]undecane-2,8-dione

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

A solution of 11b (70 mg, 0.29 mmol) and acetone (5 mL)

~ o -~

was cooled to 0°C and Jone's reagent was added dropwise
until the red color persisted. The reaction was quenched

with 2-propanol, filtered, concentrated, diluted with
dichloromethane (20 mL), extracted with saturated

aqueous sodium bicarbonate (2 x 2 mL), dried (Na 804),

2
and concentrated in vacuo to afford a ketone (70 mg,

1

100%) . H-NMR (CDC13) § 7.19 (s, 1H, NH), 1.00-2.48 (m,
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18H), 0.72-1.00 (m, 3H); IR (neat) 3200, 2950, 1720

1650, 1400, 1038, 730 cm ©; Anal. HPLC (u-Poracil, 975

b

ethyl acetate/3% methanol, 6 mL/min); Retention volume

10.7 mL.

~ A A A A A A A A A L e v A A v TR A A R R A A A A a A A A A a a a m  m A A

In a manner similar to the methanolysis of 11b, 12a

~ A -~~~

(400 mg, 1.5 mmol) was converted to 12b (370 mg, 100%).

~ o~ o~

ly-NMR (CDC13) § 6.45 (s, 1H, NH), 3.74 (bs, 1H, O0-CH),

1.04-2.65 (m, 20H), 0.76-1.04 (m, 3H, -CHS); IR (neat)

3360, 2950, 1640, 1460, 1400, 905, 730 cm Y; Y3c-nmRr

(CDClS) § 172.2 (C7), 69.6 (C 64.7 (CS), 54.6 (Cl),

11)
40.1 (C8), I7edy SMody B, A7 4y C2.F0E2TR, 2D 4Ry 18,1,

14.0.

Epi-12b. In a manner similar to the methanoloysis of

~ o~ o~

{{Q, egi-{%a (70 mg, 0.27 mmol) was converted to epi-12b

~ -~

(61 mg, 92%). IR (neat) 3200, 2940, 1650, 1450, 1400
cm-l.

1- (1-Oxopentyl)-6-azaspiro[4.5]decane-7-one (13).

Preformed Collins' reagent [CrO3 (1.0 g, 10 mmol);

pyridine (1.6 g, 20 mmol); CH,Cl, (25 mL)] was employed

to oxidize 12b (239 mg, 1.0 mmol) in dichloromethane

(20 mL) for 15 min. The ketone was isolated by decantation
of the reaction mixture, concentration, and dilution

with ether (100 mL). This solution was filtered through
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Florisil and the solvent removed in vacuo to yield 170

mg (72%) of ketome 13. ly-ar (CDC1) 5 7.80 (s, 1H, NH),
2.98 (t, 1H, J = 8.1 Hz, 0=C-CH), 2.03-2.54 [m, 4H, 0=C-CH,,
O=C(N)-CH2], 1.06-2.01 (m, 16H), 0.74-1.00 (m, 3H, —CHS);
IR (neat) 3200, 2945, 1697, 1650, 1400 Cm-l; Anal. HPLC
(97% ethyl acetate/3% methanol, 6 mL/min); Retention

volume 8.4 mL. After equilibration with base, two com-

pounds were present in a 1:1 ratio with retention volumes
of 8.4 mL and 8.6 mL.

ERL-{%' In a similar manner to the oxidation of
{{Q, ggl-{%g (61 mg, 0.25 mmol) was oxidized to epi-1
(50 mg, 823%). IR (neat) 3320, 1700, 1650 cm t; Anal.
HPLC (97% ethyl acetate/3% methanol, 6 mL/min);
Retention volume 8.6 mL.

6-Azaspiro[4.5]decane-1.7-dione (14). i: Baeyer-

A A A A A A A A A A R R A A A A R R R R e A R A A R e e A e A A A A A A A

Villager oxidation of 13 was done with trifluoroperacetic

~ ~

acid formed from hydrogen peroxide (0.8 mL, 90% aqueous)

and trifluorocacetic anhydride (0.5 mL, 3.6 mmol) in
dichloromethane (0.5 mL). The peracid was added to a
magnetically stirred solution of the preceeding ketoamide
(40 mg, 0.18 mol) and NaZHPO4 (300 mg) in dichloromethane
(1.5 mL). The reaction mixture was stirred at 25°C for

2 h followed by refluxing for 2 h. The mixture was

filtered, and the solid salts were washed with dichloro-



methane (20 mL). The organic portion was extracted with
saturated aqueous sodium bicarbonate (1 x 3 mL), dried
(Na2804), filtered, and concentrated. Chromatography
(Silica Gel, diethyl ether) afforded 14 mg (31%) of a
mixture of two esters. 1H-N.\IR (CDC13) § 6.48 (s, 1H,
NH), 6.22 (s, 1H, NH), 4.98 (m, 1H, O-CH), 4.08 (t, 2H,
J =6.1 Hz, O-CHZ); IR (neat) 1726, 1732, 1652 cm-l.

ii: In a manner similar to the methanolysis of 1lla,

~ L)

the preceeding mixture of esters (14 mg, 0.055 mmol) were

converted to alcohols. Recrystallization (pentane) afforded

4.9 mg of E as a semi-solid. IR (CHC13) 3260, 2958, 1646,

cm-l. 6.9 mg of F were recovered by concentration of

N 0 N
H H
OH MeO

£ : 0

the pentane fraction. IR (neat) 3240, 1720, 1650, 1400,

800 cm” 1.

iii: Compound E (4 mg, 0.02Z3 mmol) was heated to
reflux with chromic acid on a polymer (100 mg, 0.25

mmol) in dichloromethane (2 mL) for 4 h. The reaction
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mixture was filtered, and the solvent removed in vacuo
to afford 3 mg (75%) of 14. IR (CHClS) 3380, 1718,

-1
1650 cm

Exact mass calcd. for C9H13N03: 167.093. Found:

167.085.

B I e T T R T S O T U S U,
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solution of amide {{% (1.0 g, 3.74 mmol) and phosphorous
pentasulfide (0.69 g, 3.11 mmol) in benzene (95 mL) was
heated at reflux for 1.5 h under argon. The reaction
mixture was dissolved in dichloromethane (200 mlL),
extracted with saturated sodium bicarbonate (3 x 75 mL),
dried (MgSO4) and the solvent removed in vacuo to give
0.95 g of 15a as a yellow-orange oil. The oil was

~ o~ A

dissolved in methanol (95 mL), and sodium hydroxide

(4.86 mmol, 1 N in water) was added. The solution was
stirred at 25°C for 3 h. Acetic acid (1.6 mL) was added
to the reaction mixture and the solvent removed in vacuo.
The residue was dissolved in dichloromethane (200 mL) and
extracted with saturated sodium bicarbonate (1 x 75 mL)
and saturated sodium chloride (1 x 75 mL). The organic

phase was dried (Na2504) and the solvent removed in vacuo

to give 15b as a yellow-orange solid. Recrystallization

~ o

(toluene) gave 0.87 g (91%) of 15b as a white crystalline

~ o~ o~
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5b 1

solid, mp 157-159°C (1it.”> 166-168°C), "H-NMR (CDCl;) § 10.6

(br s, 1H, -NH-), 4.03 (br s, 1H, -CHO-), 3.73 (br s, 1H,
-OH), 3.16-0.80 (m, 22H, alkyl); IR (CHCl;) 3600, 3440-3100,
2960, 2880, 2860, 1540, 1520, 1460, 1160, 1090 cm 1; 13c-nmRr

(CDCIS) ¢ 1899.,7 (C,), 69.9 (CS), 60.

~1

(Cé), 49.2 (C7), 38.5
(CS), 32.9, 31,0, 30.8, 28,6, 27.1, 22.7, 16.7, 16.0, 13.7,

Anal. calcd. for C 0 c, 65.85; H, 9.87; N, 5.48.

14550
Pound: €, 65.45: H, 9.953% N, 5.3

i~

Rel-(6S,7S5,8S)-7-butyl-8-hydroxy-1-azaspiro[5.5]-
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28.4 mmol) was added to a magnetically stirred solution of

}§? (0.73 g, 2.84 mmol) in dichloromethane (23.0 mL) under
argon. The solution was stirred at room temperature for 18 h,
and the solvent was removed in vacuo. The residue was dis-
solved in dichloromethane (200 mL) and extracted with
saturated sodium bicarbonate (1 x 100 mL). The aqueous layer
was extracted with dichloromethane (3 x 50 mL). The combined
organic phases were dried (NaZSO4) and the solvent removed

in vacuo to give 0.77 g (100%) of 16 as a light-yellow oil.
lH-NMR (CDClS) § 6.71 (d, 1H, J = 9.0 Hz, -OH), 3.97 (dm, 1H,
J=9.0 Hz, -CHO-), 2.27 (s, 3H, -SCHS), 2.33-0.78 (m, 22H,
alkyl); IR (neat) 3560-3060, 2940, 2860, 1625, 1450, 1420,
1130, 1070, 1020 cm'l; 13C-NMR (CDClS) § 164.3 (CZ), 70.3

(C8), 61.7 (C6), 49.6 (C7), 39.1 (CS)’ $33.35y 32.6, 3U.T7, 28.2,



7.2, 22.6, 16.0, 15.8, 13.6, 12.0,.

Exact mass calcd. for C15H27N05: 269.1814. Found:

269.1835.
Rel-(6S5,75,8S)-7-butyl-8-hydroxy-2-(4-pentenyl)-1-

A A A A A A A R A A A e A A A AR A R e Au A A AU R AU R A S AU v A A A e A R A e e A e A e s v A A

agaspirole.slundecane [17). 4-Pentenyinagnesium chloride
(2.0 mL, 1.9 M in ether) was added to a magnetically stirred
solution of thioimidate (}9) (67.8 mg, 0.25 mmol) and
anhydrous magnesium chloride (210.4 mg, 2.21 mmol) in
dichloromethane (10 mL). The light-red solution was heated
at reflux for 24 h under argon, cooled to 0°C, and saturated
ammonium chloride (1 mL) was added. The slurry was filtered
through Celite and the residue was washed with dichloro-
methane (50 mL). The organic phase was extracted with
saturated sodium bicarbonate (1 x 25 mL). The aqueous phase
was extracted with dichloromethane (3 x 10 mL). The combined
organic phases were dried (NazSO4), filtered, and the solvent
removed in vacuo to give a yellow oil. Flash chromatography21
(Silica Gel, 97% toluene/2.8% 2-propanol/0.2% saturated
aqueous ammonium hydroxide) gave 48.9 mg (67%) of 17 as a

!

light yellow oil. H-NMR (CDClS) § 6.00-5.33 (m, 1H, -CH=C-),

5.10-4,82 (m, 2ZH, -C=CH2), 3.9% (br s, 1H, =CHO=}. 2.30-0.77
(m, 29H, alkyl); IR (neat) 3560-3060, 2960, 2860, 1660, 1630,

1450, 1260, 1020, 800 cm ©.
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Exact mass calcd. for C19H33N0: 291.2562. Found:

291.2594.,
Rel-(2R,65,75,8S5)-7-butyl-8-hydroxy-2-(4-pentenyl)-1-

A A A A A A A A Al R R A A A R AL AL A R A R A A R A e A A R R Y A A A A A v A R A A A A A A A e A A A

§5§§2339£§;5193999§99~£§§2' A magnetically stirred solution
of imine }z (50.0 mg. 0.17 mmol) and toluene (8 mL) was
cooled to -72°C under argon. Aluminum hydride22 (5.4 mL,
0.16 M suspension in toluene) was added over 10 min, and the
suspension was stirred for an additional 5 h at -72°C. The
reaction was warmed slowly to 25°C and stirred for 14 h. The
mixture was cooled to 0°C and quenched with saturated
ammonium chloride (1.0 mL) over 15 min. The toluene was
evaporated in vacuo and the residue diluted with ether (50 mL).
The organic phase was washed with aqueous 1 N sodium hydrox-
ide (25 mL), saturated sodium bicarbonate (25 mlL), saturated
sodium chloride (25 mL), dried (NaZSO4), and filtered.
Removal of the solvent in vacuo afforded a 93:7 mixture of
§§:§9 as analyzed by HPLC [Alumina (4 feet) column, CHClS,

1 mL/min]}. Chromatography (Silica Gel, 90% chloroform/9.3%
2-propanol/0.7% saturated aqueous ammonium hydroxide) or
recrystallization of the hydrochloride salt (diethyl ether/
isopropanol) gave 35.8 mg (71%) of 5a as a colorless oil, mp

(hydrochloride salt) 168-169.5°C. -~

H-NMR (CDClz) 6§ 6.03-5.53
(m, 1H, -CH=C-), 5.08-4.82 (m, 2H, -C=CH,), 3.87 (bs, 1H,

-CHO-), 3.07-2.73 (m, 1H, -CHN), 2.30-0.80 (m, 30H, alkyl);



IR (neat) 3560-3100, 3080, 2930, 2860, 1640, 1445, 1130, 910
=1

cm
Exact mass calcd. for ClgHSSNO: 293.2718. Found:
293.2%17,
- LR TN ER ) Sl o) 2 e et e e
l§;§lggggg§§g~£§§2. Olefin §§ (33.0 mg, 0.11 mmol) was dis-

solved in tetrahydrofuran (8.3 mL) containing 5% Pd/C

(82.5 mg) and was reduced with hydrogen at atmospheric pres-
sure for 4 h. The slurry was filtered through Celite and the
residue washed with ether (20 mL). Removal of the solvents
in vacuo gave 33.0 mg (100%) of §§ as a colorless oil, mp

5a Ly aMR

(hydrochloride salt) 158-160°C (1lit. 159-161°C).
(CDC1;) & 3.89 (brs, 1H, -CHO-), 2.89-2.52 (m, 1H, -CHN-),
2.53-0.70 (m, 35H, alkyl); IR (CHCl;) 2930, 2860, 1460,
1450 cm™¥; mixed mp 158-160°C.

Exact mass calcd. for C19H37NO: 295.2875. Found:

295,2878,

Anal. (hydrochloride salt) Calcd. for C19H38C10N: c,

66.74; H, 11.54; N, 4.22, Found: c, 68.54;, H, 11.31;
N, 3.90.
Rel-(2R,65,7S,8S)-7-butyl-8-hydroxy-2-(5-hydroxy-pentyl)-

l-azaspiro[5.5]undecane (4b). Borane methyl sulfide (0.35

A AN A A N A A A A A A A A N AR A A A A A A A A A A

sa (20.7 mg, 0.071 mmol) and dichloromethane (2.0 mL) under
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argon. The solution was stirred at room temperature for 5 h.
Sulfuric acid (0.25 mL, 10% in water) was added slowly and
the reaction mixture was stirred at room temperature for 1 h.
Sodium hydroxide (0.75 mL, 15% in water) was added followed
by hydrogen peroxide (0.50 mL, 30% in water). The solution
was stirred for 13 h at room temperature and was diluted with
ether (40 mL). The organic phase was extracted with sodium
tartrate (3 x 20 mL, 10% in water) and saturated sodium
chloride (1 x 20 mL). The organic phase was dried (Na2504)
and the solvent removed in vacuo to give 4a as a colorless
0il homogeneous by TLC (Silica Gel, 90% chloroform/9.3% 2-
propanol/0.7% saturated aqueous ammonium hydroxide). Streak-
ing normally accompanied chromatography under these conditions
which resulted in loss of material. Normally the crude 4b
was carried directly on to the next experiment. 1H-NMR
(CDClS) § 3.88 (br s, 1H, -CHO-), 3.60 (br t, 2H, —CHZO-),
3.13-2.58 (m, 1H, ~<CHN-), 2.32=0.77 (m, 33H, alkyl); IR
(CHClS) 3620, 3500-3010, 2930, 2860, 1445 em L.
Exact_mass Calcd. for CygH;-NO,: 311.2824. Found:
311.2805.

Rel-(2R,65,7S,85)-7-butyl-8-hydroxy-2- [5-(2-nitro-4-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ e e e T e i e
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Potassium-t-butoxide (12.6 mg, 0.112 mmol) was added to a

magnetically stirred solution of 4b (14.0 mg, 0.045 mmol) and
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tetrahydrofuran (2.0 mL) in a flask wrapped in aluminum foil
under nitrogen. The solution turned yellow as the potassium
alkoxides formed. 4-Fluoro-3-nitro phenylazide (8.2 mg,
0.045 mmol) was added, and the solution was stirred at room
temperature for 14 h. A reddish-brown precipitate formed.
The reaction was diluted with ether (35 mL) and extracted
with water (2 x 20 mL) and saturated sodium chloride (1 x 20
mL). The organic phase was dried (Na2804) and the solvent
removed in vacuo to give a yellow oil. Chromatography
(Silica Gel, chloroform followed by 90% chloroform/9.3% 2-
propanol/0.7% saturated aqueous ammonium hydroxide) gave

1

17.0 mg of 4c (80%) based on olefin §g. H-NMR (CDCIS) S

~J

.48-6.97 (m, 3H, aromatic), 4.05 (t, 2H, J = 6.5 Hz, -CHZO-)
3.87 (br s, 1H, -CHO-), 3.07-2.67 (m, 1H, -CHN-), 2.37-0.73
(m, 32H, alkyl); IR (CHCl;) 2940, 2860, 2120, 1525, 1490,

1406, 1350 cm’ L.

Exact mass Calcd. for C25H39N504: 473.3001. Found:

475.2983,
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CHAPTER II

Erythro-Aldol Products Via 3-Acyl-oxazolidine-2-ones
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Introduction

A - N o oy~

The aldol condensation is a reaction of fundamental
importance in biosynthesis. For example this reaction is
employed in an iterative sequence in both erythromycin-A

(1) and bleomycin (2) biosynthesis. In the aldol bond




d4

construction two new centers of asymmetry are created;
hence four stereoisomeric products are possible (Scheme I),
two erythro and two threo diastereomers. The first
problem in controlling the stereochemical outcome of this

reaction focusses on the formation of either an ervthro
P A —

Scheme I
0 0 OH )CL)O\H
H
R(JL"L ) R, R Ri R
CH. CHI
Y emsoT———
0 (o) OH 0 OH
H)LR, R.)k,/\ﬁl R, Ry
CH, CH,
erythro :2522

or threo diastereomer preferentially. The second problem
focuses on preparation of either diasteromer in an
optically active form.

It is now well appreciated that kinetic aldol stereo-

selection is, in part, defined by enolate geometry for



45

those condensations wherein two new stereocenters are

1,2

created in the condensation step (Scheme II). Given

the reasonable postulate that the reaction proceeds via

la,Za the influence of variable

a pericyclic process,
steric parameters can be analyzed to determine their
effects upon the relative heats of formation of diastereo-
meric transition states from an enolate of defined
geometry. For example, for a (3E)-enolate the transition

state T2 can be destabilized relative to T, by maximizing

1
both R2 e R1 and R2 «> L steric parameters. When these
parameters are maximized, (§§)-enolates will lead to threo
aldol products and (§§)-enolates will lead to erythro

aldol products.3

Enolate geometries for representative carboxylic
acid derivatives are shown in Scheme III. Enolates
derived from esters,4 oxazolidines,5 and thioesters3a

could lead to threo aldol products whereas enolates
7

derived from amides6 and thioesters’ could lead to

erythro aldol products. It should be pointed out that
lithium enolates of discrete geometry do not necessarily
translate to good aldol product stereoselection, whereas
boron enolate geometry translates directly to erythro
and threo aldol product ratios.3

One potential use of the derived B -hydroxy acid

derivatives is for the stereoselective synthesis of the
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Scheme II
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cis-enyne functionality found in histrionicotoxin

(Scheme 1V). Adam has demonstrated the utility of

B -lactones as precursors for stereoselective olefin
synthesis.8 In principle there are two B -lactone regio-
isomers II and III, which could suffice for the preparation

of the enyne I. Either threo or erythro g8 -hydroxy acids

can serve as precursors of the desired B-lactone II.
Treatment of the erythro B -hydroxy acid IV with benzene-
sulfonyl chloride and pyridine should lead to II. The
conversion of the threo acid V to the B -lactone II
requires an inversion at the alcohol center. This
inversion can be accomplished by use of triphenylphosphine
and diethyldiazodicarboxylate.9 Therefore, the stereo-

selective synthesis of either an erythro or threo -

hydroxy acid should provide for the synthesis of I. We
decided to concentrate our efforts on the stereoselective
synthesis of either IV or V because of the anticipated
lability of VI or VII. We reasoned that compounds VI and
VII might readily eliminate the elements of water due to
the acidic nature of the proton alpha to the carboxyl

group.
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Results and Discussion

NN A A M A N A A N A A A A A A A A A A A

3-Acyl-thiazolidine-2-ones have been shown to react

readily with nucleophiles to form acid derivatives.10
Mukaiyama has shown that 3-acyl-thiazolidine-2-ones may
also serve as aldehyde precursors through reduction with
diisobutylaluminum hydride.11 Chelation serves to
stabilize the tetrahedral intermediate to prevent further

reduction (equation 1).

Lo L
Al

-~

0o .
D1BA
NSNS & L P L

pe)

Imide derivatives may also serve for the stereo-
selective synthesis of (3Z)-enolates, leading to erythro-
aldol adducts. The transition state leading to the (3E)-

enolate (Scheme V), T would be destabilized relative

6°
to the transition state leading to the (§§)-enolate, TS,

due to A»strain.12 This is exemplified by the deprotona-
tion of pyrrolidino propionamide to afford a >98:2 ratio

of 3Z:3E enolates as mentioned previously. Therefore,

~a o~

imide derivatives should serve as precursors for
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Scheme V
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erythro-8 -hydroxy acids as well as serving for the
synthesis of erythro-8 -hydroxy aldehydes, ketones, and
other carboxylic acid derivatives.

Attempted deprotonation of 3-propionyl-thiazolidine-
2-one leads to the elimination of 2-thiazolidone, and
formation of products derived from a ketene intermediate.
However, deprotonation of 3-propionyl-oxazolidine-2-one

with lithium diisopropylamide (tetrahydrofuran, -78°C)
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afforded a stable lithium enolate. Reaction of the
lithium enolate 4a with benzaldehyde (tetrahydrofuran,
-78°C, 15 sec) followed by quenching of the reaction

mixture with methanol afforded B8-hydroxy esters directly.

Analysis of the reaction mixture by 1H-NMR, erythro: §

5.02 (d, 1H, J = 4.5 Hz, -CHO-); threo : & 4.72 (d, 1H,
J = 8.5 Hz, -CHO-)13 indicated that a 45:55 mixture of
erythro (5&)- and threo (93)-8-hydroxy esters had been
formed (Scheme VI).

The boron enolate 4b is formed upon treatment of a
dichloromethane solution of 3-propionyl-oxoazolidine-
2-one with di-n-butylboron triflate14 and diisopropylethyl-
amine at -78°C. The aldehyde is added and the mixture
is allowed to stir at -78°C for 0.5 h and is then warmed
to 25°C over 1 h. Under these conditions the aldol
product should be the result of complete kinetic stereo-
selection.3 Methanolysis of the aldol product readily
occurs in the heterogeneous medium of sodium methoxide
and dichloromethane. We attribute the ease of meth-
anolysis to activation of the propionyl carbonyl by
complexation. No attack of methoxide at the oxazolidine
carbonyl is observed. The resultant boron chelate is
oxidized with hydrogen peroxide to provide the erythro-

B -hydroxy ester 5., It should be noted that the reaction
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Scheme VI
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sequence is performed in one pot, and that all the

by-products are removed by an extractive work-up. The
only product isolated, as determined by 1H-\IMR is a

B8 -hydroxy ester.
Reaction of 4b with benzaldehyde affords, after

methanolysis, the erythro-8 -hydroxy ester 5a as determined
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by ‘H-NMR, 13

S 5.06 (d, 1H, J = 4.0 Hz, -CHO-).
Replacing benzaldehyde as the electrophilic partner with
isobutyraldehyde or trimethylsilylpropynal15 affords

only erythro-8 -hydroxy esters (vide infra) in 57% and

61% yields respectively (Table I).

Table I. Aldol condensation which leads to B -hydroxy esters.

B e e e e

Aldehyde Metal, M Ratio Yield, %
Erythro-Threo
C6H5CHO L; 45:55 72
B(H‘C4H9)2 >895: <5 58
1-C3H7CHO B(n-C4H9)2 >95: & 57
(CHS)Sl-CEC-CHO B(n-C4H9)2 >95x 5 61

The intermediate boron aldol alkoxide Z may also be
converted smoothly, with aqueous sodium hydroxide, to an
erythro-g -hydroxy acid (Scheme VII). This approach
eliminates the need for oxidative removal of the boron
residue, (n-C4H9)2BOH, for it is easily extracted from
the water soluble carboxylate salt.

The intermediate boron alkoxide 7 may also be trans-
formed into ketones as demonstrated by the reaction of

7 with methylmagnesium bromide. This reaction affords
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the erythro-8 -hydroxy ketone 8b in 65% yield. In this
example the ketone formed (8b) is obtained from a
kinetic enolate and aldol condensation, but the product
is that expected from thermodynamic enolization. This
is the first example of such an erythro aldol product.
The utility of the aldol condensation with 3-propionyl-
oxazolidine-2-one is summarized in Table II utilizing
benzyaldehyde as the electrophilic component.

Attempted deprotonation of 3-acyl-oxazolidine-2-ones,
where the alkyl group in the acyl portion becomes large,

results in elimination of 2-oxazolidone, and formation
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Table II. Reactions of 6 with various nucleophiles.
Ratio
Nucleophile Erythro:Threo Yield, %
NaOCH3 >95: <5 58
NaOH >95: S 78
CHSMgBr >95: <5 65

of products derived from a ketene intermediate.
Investigation of other imide derivatives which will not

eliminate as readily is being actively pursued.

Conclusions

~ A A A A A A A

The boron enolate derived from 3-propionyl-oxazolidine-
2-one undergoes the aldol condensation with a variety of
aldehydes to give erythro-aldol products. These aldol
products can be converted to either B -hydroxy acids,
esters or ketones. Investigation of the asymmetric
induction obtained from the aldol condensation and
alkylation of imides derived from chiral 2-oxazolidines
which can be prepared from chiral amino alcohols is

currently being pursued.
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Experimental Section

T IR VI VI I O O O o]

Infrared spectra were recorded on a Beckman 4210
spectrophotometer. lH magnetic resonance spectra were
recorded on Varian Associates EM-390 (90 MHz) spectrom-
eter and are reported in ppm from internal tetramethyl-
silane on the § scale. Data are reported as follows:
chemical shift, multiplicity (s = singlet, d = doublet,
t = triplet, q = quartet, m = multiplet, b = broad),
integration, coupling constant (Hz), and interpretation.

3C magnetic resonance spectra were recorded on a JEOL
FX-90Q (22.5 MHz) spectrometer and are reported in ppm

from tetramethylsilane on the § scale. Mass spectra

were recorded on a Kratos MS-9 spectrometer. Data

are reported as follows: mass, elemental composition,
and percent intensity. Mass spectral analyses were
performed by University of California, Los Angeles,
Mass Spectrometry Laboratory. Combustion analyses were

performed by California Institute of Technology Micro-

analytical Laoboratory.

When necessary, solvents and reagents were dried prior
to use. Tetrahydrofuran was distilled from benzophenone
ketyl. Methanol was distilled from magnesium. Dichloro-

methane was dried by passing through a column of activity

I aluminum oxide. Diisopropylethylamine and diisopropyl-
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amine were distilled from calcium hydride. n-Butyllithium
was titrated by the procedure of Watson and Eastham.16

All reaction temperatures refer to the reaction itself.

SoITOPIOMY L PXREQLIUInC i t00g. & megnetically stirzed
solution of 2-oxazolidone (3.48 g, 0.044 mol) and dry tetra-
hydrofuran (150 mL) was cooled to 0°C under nitrogen.
n-Butyllithium (0.044 mol, 1.6 M in hexane) was added
dropwise as a white precipitate formed. After stirring

at 0°C for 30 min propionic anhydride (5.64 mL, 0.044 mol)
in tetrahydrofuran (50 mL) was added dropwise over 20

min. The mixture was stirred at 25°C for 1 h and diluted
with dichloromethane (500 mL). The solution was washed
with water (3 x 250 mL), saturated sodium chloride (1 x

250 mL) and dried (NaZSO4). After filtration, removal

of the solvent and recrystallization from hexane/ether there

was obtained 5.4 g (94%) of 3-propionyl-oxazolidine-2-one as
white needles, mp 80-82°C. IR (CHC1,) 3020, 2980, 2920, 1780,
1700, 1480, 1385, 1260, 1230, 1210 cm 1; lH-NMR (CDC1,) 6

4.48-3.87 (m, 4H, -NCH,CH,0-), 2.89 (q, 2H, J = 7 Hz,

2
~CH2CO-), 1.16 (t, 3H, J = 7 Hz, CHS-).

Anal. calcd. for CgqHgNOz: C, 50.34; H, 6.34; N,
9.79. Found: C, 50.50; H, 6.26; N, 9.82.

Aldol condensation of 4a. To a solution of 1.1 mmol of

B N e T e I o R N e R

lithium diisopropylamide in 3 mL of anhydrous THF,
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prepared by the addition of 0.746 mL of 1.50 N n-Buli to
a solution of 0.111 g (1.1 mmol) of diisopropylamine in 3 mL

of THF, cooled at dry ice temperatures under argon was added

0.143 g (1 mmol) of 3-propionyl-oxazolidine-2-one in 2 mL of

THF over a period of 5 min. The resulting pale yellow sus-

pension was allowed to stir for 15 min at -72°C and 0.106 g

(1 mmol) of benzaldehyde was then added in one portion.
The suspension immediately gave way to a yellow solution

which was quenched by the addition of 0.2 mL of dry

methanol after 15 sec. The cooling bath was removed and
the solution was warmed to room temperature. The mixture
was cast into CH2C12 (50 mL), washed with water (50 mlL),
and dried (Na2504). Concentration in vacuo provided 0.179¢g
(72%) of a mixture of erythro and threo 8 -hydroxy esters §

. 1
and g (45:55) as a pale yellow oil. “H-NMR (CDClS) erythro

§ 7.33 (s, SH, phenyl), 5.02 (d, 1H, J = 4.5 Hz, -CHO-),

3.62 (s, 3H, -OCH,), 3.2-2.6 (m, 1H, -CHCO,CH/), 1.13

2
(d, 3H, J = 7.2 Hz, -CHCHS); threo § 7.33 (s, SH, phenyl),
4,72 (d, 1H, J = 8.5 Hz, -CHO), 3.70 (s, 3H, -OCHS), 3.2-
2.6 (m, 1H, -CHCO,CH;), 1.02 (d, 3H, J = 7.2 Hz, -CHCH;).

General procedure for the synthesis of 5. A
magnetically stirred solution of 3-propionyl-oxazolidine-
2-one (0.143 g, 1.0 mmol) and dichloromethane (3.0 mL)

was cooled to -72°C under nitrogen. Di-n-butylboron tri-

flate (0.37 mL, 1.1 mmol)14 was added via syringe followed
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by diisopropylethylamine (0.21 mL, 1.2 mmol). The solution
was stirred at -72°C for 2 h and the aldehyde (1.0-1.2
mmol) was added in dichloromethane (1.0 mL) via syringe
in one portion. The solution was stirred at -72°C for
0.5 h and at 25°C for 1 h. Methanol (0.41 mL, 10.0 mmol)
was added followed by sodium methoxide (0.189 g, 3.5
mmol), and the mixture was stirred at 25°C for 1 h. The
mixture was cooled to 0°C. Methanol (3 mL) and pH 7
buffer (1 mL) was added followed by hydrogen peroxide

(1 mL, 30% aqueous). The solution was stirred for 15 min
at 0°C followed by removal of the methanol in vacuo.

The residue was dissolved in ether (60 mL) and washed
with sodium hydroxide (3 x 30 mL, 1 N aqueous) and
saturated sodium chloride (1 x 30 mL). The organic

phase was dried (NaZSO4), filtered and the solvent
removed in vacuo to afford pure 5.

~ A~ ~ A ~ o~~~ ~ ~ o~ -~ ~ ~ ~la ~ A~

(5a). The title compound was prepared in accordance

with the prescribed procedure from 1.0 mmol of 3-propionyl-
oxazolidine-2-one and 1.0 mmol of benzaldehyde. The
desired erythro-g -hydroxy ester 5a, 0.125 g (58%), was
obtained as a light yellow o0il homogeneous by 1H-NMR.

IR (CHC13) 3600, 3520-3440, 3010, 1715, 1450, 1435, 1190,

1055, 695 cm Y; lH-NMR (CDC1,) § 7.32 (bs, SH, phenyl),
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5.06 (d, 1H, J = 4.0 Hz, -OCH-), 3.63 (s, 3H, —OCHS), 3.06
(bs, 1H, -OH), 2.87-2.63 (dq, 1H, J = 4.0 Hz, J = 7.5 Hz,
-CHCOZCHs), 1.12 (d, 3H, J = 7.5 Hz, —CHCHS); mass
spectrum (70 eV) m/e: 194.0955 (M+, calcd. 194.0943, 2),

+ +
106.0412 (M - C,Hg0,, 90), 105.0335 (M" - C,Hj0,, 96),

77.0303 (M~ - CcHgOs, 100).
The title compound was prepared in accordance with the
prescribed procedure from 1.0 mmol of 3-propionyl-oxa-

zolidine-2-one and 1.2 mmol of isobutyraldehyde. The

desired erythro-g8-hydroxy ester 5b, 0.091 g (57%), was
obtained as a light yellow 0il homogeneous by 1H-NMR.

IR (CHClS) 3640-3440, 2960, 2880, 1715, 1455, 1435, 1195,
1045, 975 em 1; lH-NMR (CDC1,) & 3.68 (s, 3H, -OCH,),

3.53 (dd, 1H, J = 4.0 Hz, J = 6.5 Hz, -OCH-), 2.85-2.49

(m, 2H, -OH, -CHCO,CHz), 1.83-1.40 [m, 1H, -CH(CHz),],

1.16 (d, 3H, J = 7.0 Hz), 0.99 (d, 3H, J = 6.5 Hz); mass
spectrum (70 eV) m/e: 145.0881 (M+ - CHS’ calcd. 145.0865,
3), 117.0547 (M* - C.H,, 42), 88.0529 M - C,Hg0, 100),

+
85.0298 (M™ - C4H110, 65) «

~ A A~~~ PV S R S ~ A A A A A ~ o~~~ ~ ~

~ ~ ~ o~ o~ P T L

accordance with the prescribed procedure from 1.0 mmol

of 3-propionyl-oxazolidine-2-one and 1.1 mmol of tri-
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methylsilylpropynal.15 The desired erythro-8 -hydroxy

ester 5¢c, 0.130 g (61%), was obtained as a light yellow

0il homogeneous by lH-NMR. IR (CHC1,) 3620-3280, 2960,

2180, 1725, 1505, 1450, 1430, 1250, 1025, 845 Cm'l; lH-NMR
(CDClS) § 4.60 (d, 1H, J ="5.0 Hz, -OCH-), 3.70 (s, 3H, -OCHS),

2.91-2.57 (dq, 1H, J = 5.0 Hz, J = 8.0 Hz, -CHCOZCHS),

1.29 (d, 3H, J = 8.0 Hz, -CHCH3), 0.17 [s,.9H, 'Si(CHS)S];
mass spectrum (70 eV) m/e: 199.0799 (M+ - CHS, calcd.
199.0791, 6), 111.0268 (M+ - CSHlloZ’ 48), 88.0525 (M+ -

. - + +
C6H10051, 100), 83.0307 (M - C6H1103’ 42), 77.0223 (M -

C8H1381, 76) .

B Mg B By B9 A9 @9 A B9 A B B B NG T S D N9 G N MG NP N B N T e N A Ny e A Be Mo e ey ay

A magnetically stirred solution of 3-propionyl-oxazolidine-
2-one (0.143 g, 1.0 mmol) and dichloromethane (3.0 mL)

was cooled to 0°C under nitrogen. Di-n-butylboron

triflate (0.27 mL, 1.1 mmol)14was added via syringe
followed by diisopropylethylamine (0.21 mL, 1.2 mmol).

The solution was stirred at 0°C for 15 min followed by

2 h at 25°C. The solution was cooled to 0°C and benzaldehyde
(0.10 mL, 1.0 mmol) in dichloromethane (1.0 mL) was added via
syringe in one portion. The solution was stirred at 0°C for
0.5 h followed by 1 h at 25°C. Sodium hydroxide (4.0 mmol,
1.0 N in water) was added, and the reaction mixture

stirred at 25°C for 1 h. The mixture was diluted with
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saturated sodium bicarbonate (25 mL) and extracted with
ether (3 x 15 mL). The aqueous layer was cooled to 0°C
and carefully acidified to pH 2.5 with concentrated
hydrochloric acid. The aqueous layer was then saturated

with sodium chloride and extracted with ethyl acetate

(4 x 15 mL). The combined ethyl acetate extracts were
washed with saturated sodium chloride (1 x 30 mL) and
dried (NaZSO4). After filtration removal of the
solvent in vacuo gave 0.140 g (78%) of 8a as a

light yellow o0il. IR (CHCIS) 3600-2800, 1710, 1205,

695 cn’'; 'H-NMR (CDC1,) § 7.27 (bs, SH, phenyl), 7.03

(bs, 2H, -OH), 5.12 (d, 1H, J = 3.0 Hz, -CHO-), 2.93-
2.63 (dq, 1H, J = 3.0 Hz, J = 6.5 Hz, -CHCOZ-), 1.07
(d, 3H, J = 6.5 Hz, -CHz); mass spectrum (70 eV) m/e:
180.0791 (M+, calcd. 180.0786, 4), 107.0503 (M+ - C3Hg0,,
100), 79.0532 (M" - C,H.O;, 66), 77.0383 (M" - C,H,0, 49).
Bythrecf omathyled Shydcoxy phenylbubdncizone, (Bh). &
magnetically stirred solution of 3-propionyl-oxazolidine-
2-one (0.143 g, 1.0 mmol) and dichloromethane (3.0 mL) was
cooled to -72°C under nitrogen. Di-n-butylboron triflate
(0.27 mL, 1.1 mmol)14was added via syringe followed by
diisopropylethylamine (0.21 mL, 1.2 mmol). The solution
was stirred at -72°C for 2 h, and benzaldehyde (0.10 mL,

1.0 mmol) was added in dichloromethane (1.0 mL) via syringe
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in one portion. The solution was stirred at -72°C for 0.5 h
and at 25°C for 1 h. The reaction was cooled to -72°C and
methylmagnesium bromide (3.5 mmol, 2.8 min ether) was added
dropwise over 10 min. The solution was stirred at -72°C for
0.5 h followed by 0°C for 0.5 h. Methanol (3 mL) and

pH 7 buffer (1 mL) were added followed by hydrogen

peroxide (1 mL, 30% aqueous). The solution was stirred

for 15 min at 0°C followed by removal of the methanol

in vacuo. The residue was dissolved in ether (60 mL)

and washed with ethylenediaminetetraacetic acid, tetra-
sodium salt (2 x 30 mL, 1 min water) followed by sodium
hydroxide (2 x 30 mL, 1 N in water) and saturated sodium
chloride (1 x 30 mL). The organic phase was dried
(NaZSO4), filtered, and the solvent removed in vacuo to
give 0.115 g (65%) of 8b as a light yellow oil. IR (CHC13)
3600-3300, 3010, 1700, 1600, 1450, 1355, 1210, 1170,

695 cm ¥; lH-NMR (CDC1,) & 7.30 (bs, SH, phenyl), 5.06

(d, 1H, J = 4.5 Hz, -CHO-), 3.11 (bs, 1H, -OH), 2.94-

2.66 (dq, 1H, J = 4.5 Hz, J = 7.0 Hz, -CHCO), 2.07 (s,

3H, CH3CO-), 1.04 (d, 3H, J = 7.0 Hz, -CHCHs); mass
spectrum (70 eV) m/e: 178.1002 (M+, calcd. 178.0993, 1),
106.0414 (M"- C,H,0, 88), 105.0340 (M" - C,H,0, 86),

48

+
77.0383 (M - CSHQOZ’ 100).
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