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(100), 121 (26.5), 92 (11.8), 77 (11.8). Anal. Calcd for C;oH;5804:
C, 56.58; H, 5.70; S, 15.11. Found: C, 56.37; H, 5.97; S, 15.35.

2-(Methylsulfinyl)-1-(2-quinolinyl)ethanone (1f): re-
crystallized yield from ethyl acetate-hexane 56%; mp 131-132
°C; 'H NMR (CI;CD) 6 2.83 (s, 3 H, CHjy), 5.12-4.53 (AB system,
2 H, 8, 4.96, 6p 4.72, Jap = 12.0 Hz, CH,), 8.17-7.16 (m, 3 H, Ar);
13C NMR (C1,CD) 4 39.3 (CHy), 60.7 (CH,), 117.4, 127.3, 128.9,
129.4, 130.0, 137.0, 146.5, 151.2 (Ar), 193.0 (CO); IR (KBr) 3060,
3020, 3000, 2900, 1690, 1365, 1030 cm™'; MS, m /e (rel intensity)
233 (M**, 1.1), 218 (100), 171 (13.8), 170 (14.4), 156 (33.3), 129
(22.2), 128 (88.9). Anal. Calcd for C;;H;;O,NS: C, 61.78; H, 4.75;
N, 6.00; S, 13.75. Found: C, 61.45; H, 4.82; N, 6.35; S, 13.67.

2-(Methylsulfinyl)-1-(1-isoquinolinyl)ethanone (1g). The
imidazolide was prepared at 50 °C. The 8-keto sulfoxide was
obtained as brown oil which was chromatographed on a flash silica
gel column, eluting with ethyl acetate-methanol (60:40) to give
a oil that was not solidified (65%); 'H NMR (Cl,CD) 5 2.80 (s,
3 H, CHy), 5.03-4.52 (AB system, 2 H, 6, 4.86, 65 4.69, Jag = 14.0
Hz, CH,), 9.23-7.60 (m, 6 H, Ar); 3C NMR (Cl,CD) 4 38.4 (CH,),
63.3 (CH,), 125.3, 125.4, 126.5, 129.2, 129.9, 136.3, 140.3, 149.0
(Ar), 194.5 (CO); IR (neat) 3060, 3000, 2920, 1680, 1365, 1035, 755,
cm™. Anal. Caled for C;,H;;0,NS: C, 61.78; H, 4.75; N, 6.00;
S, 13.75. Found: C, 61.39; H, 5.05; N, 6.25; S, 13.5.
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Introduction

Over the past 2 decades desferrioxamine B (1, Desferal,
Ciba-Geigy) has been used therapeutically to treat trans-
fusional iron overload in patients afflicted with thalasse-
mia.! In addition, the drug has been used in the treatment
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proach to Thalassaemia; Grune and Stratton: Londoq, 1984; p 217.
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of acute iron poisoning and as a diagnostic aid for the
determination of abnormal iron stores.2 A more recent
application has been in the removal of aluminum from
patients with impaired renal function undergoing chronic
haemodialysis.>* While desferrioxamine has been estab-
lished as a very safe drug with minimal toxicity in iron-
overloaded patients, there have been isolated reports of
toxic side effects. This dissimilarity in drug tolerability
could be a direct result of differences related to the me-
tabolism of the drug.

Several early studies in desferrioxamine metabolism
demonstrated the ability of plasma to degrade the iron-free
compound rapidly.®” This enzymatic activity was most
pronounced in the plasma of the rat and mouse with lower
activity observed in dog and human plasma. In contrast,
the iron-bound ligand, ferrioxamine, was not metabolized
to any appreciable extent.” The recovery of three human
urinary metabolites of desferrioxamine was reported 25
years ago by Keberle.! The principle metabolite, known
as “metabolite C” (2), was isolated and described as the
product of an oxidative deamination reaction resulting in
the corresponding carboxylic acid derivative. More re-
cently an HPLC method has been developed that permits
determination and quantitation of desferrioxamine B and
metabolites as their iron(III) complexes in mammalian
plasma.? Pharmacokinetic data from a patient who had
received desferrioxamine i.m. (500 mg) revealed that the
drug was rapidly converted into two main metabolites
whose iron complexes exhibited spectral characteristics
similar to those of ferrioxamine. It was suggested that the
metabolites were N-terminal modified desferrioxamine
derivatives.

It is evident that the synthesis and evaluation of des-
ferrioxamine metabolites could prove quite useful in in-
vestigations correlating the formation of metabolites with
the onset of toxic side effects. In this paper we describe
the synthesis of “metabolite C” (2), a desferrioxamine
carboxylic acid analogue, as well as the corresponding
alcohol derivative (3), also a potential metabolite. In ad-
dition, a general procedure for the preparation of ferric and
aluminum complexes of hydroxamate ligands is reported.
Last, we have investigated the chromatographic behavior
of these metabolites in the free and metal-bound forms in
comparison to desferrioxamine B and its Fe(III) and AI(III)
complexes utilizing high-performance liquid chromatog-
raphy.

Results and Discussion

Bergeron and Pegram have recently described® an ele-
gant total synthesis of desferrioxamine B. The synthesis
is noteworthy in that the synthetic scheme is highly flexible
thus providing access to various desferrioxamine analogues
as well as proceeding in high overall yield. A key inter-
mediate was the tri-O-benzyl-protected cyanodesferriox-
amine derivative 6. The synthesis described herein
(Scheme II) is predicated on this important intermediate.
The synthetic strategy was centered on the conversion of
this intermediate into the fully protected deaminated

(2) Singh, A. K. J. Med. 1971, 345.

(3) Chang, T. M. S.; Barre, P. Lancet 1983, 1051.

(4) Drueke, T. Med. Klin. 1985, 80, 311.

(5) Borgna-Pignatti, C.; DeStefano, P.; Broglia, A. M. Lancet 1984,
681.

(6) Meyer-Brunot, H. G.; Keberle, H. Biochem. Pharmacol. 1967, 16,
527

(7) Peters, G.; Keberle, H.; Schmid, K.; Brunner, H. Biochem. Phar-
macol. 1966, 15, 93,

(8) Keberle, H. Ann. N.Y. Acad. Sci. 1964, 119, 758.

(9) Kruck, T. P. A.; Teichert-Kuliszewska, K.; Fisher, E.; Kalow, W.;
McLachlan, D. R. J. Chromatogr. 1988, 433, 207.

(10) Bergeron, R. J.; Pegram, J. J. J. Org. Chem. 1988, 53, 3131.
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Scheme I. Structures of the Proposed Desferrioxamine B
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derivative through formation of an imido ester. The im-
idate would then be expected to hydrolyze quite readily
to furnish the corresponding carboxylic ester. Saponifi-
cation of this ester would then afford the desired carboxylic
acid derivative. Removal of the protecting groups would
then furnish “metabolite C” (2, Scheme I). This metho-
dology could also be used directly to furnish the corre-
sponding desferrioxamine alcohol derivative 3. From a
metabolic standpoint the enzymatic deamination of des-
ferrioxamine will proceed through the imine, which will
then readily hydrolyze to an unstable aldehyde. Chemical
degradation of the aldehyde could then furnish the des-
ferrioxamine carboxylic acid or alcohol derivatives.
Synthetically, one could reduce either the benzyl-pro-
tected carboxylic ester or acid directly to the desired al-
cohol. Catalytic hydrogenation would then afford the
deprotected alcohol 3. While the synthesis of the unstable
aldehyde metabolite 4 would also be desirable, we have
been unable at present to isolate the pure compound. Our

Notes

Table I. Gradient Used for the Separation of
Desferrioxamine B, the Metabolites, and Their Ferric and
Aluminum Complexes

mobile phase®

t, min A, % B, %
0 95 5
15 65 35
17 35 65
21 35 65
30 95 5

¢ Mobile phase A consisted of a 2.5 mM phosphate buffer solu-
tion (pH 3.0). Mobile phase B consisted of a mixture of mobile
phase A and acetonitrile (20:80, v/v).

investigations in this area are described briefly.

The fully protected nitrile 6 (Scheme II) was readily
converted into the imido ester 7 by treatment with an-
hydrous ethanolic hydrochloric acid. It was critical to
maintain a temperature of —20 °C during the reaction as
considerable degradation occurred at higher temperatures.
In the next step the imidate hydrochloride was trans-
formed into the ester 8 by hydrolysis in 75% overall yield.
Saponification of the ester 8 employing aqueous potassium
hydroxide in acetone generated the corresponding car-
boxylic acid 9 in 55% yield. Subsequent removal of the
benzyl protecting groups by catalytic hydrogenation over
palladium afforded smoothly the desired product, me-
tabolite C (2), in 80% yield.

A considerable effort was invested before finding ap-
propriate conditions for synthesis of the alcohol interme-
diate 11. A main concern was the stability of the ben-
zyl-protected hydroxamate moiety to organmetallic re-
ducing agents. It has been previously demonstrated that
N-methoxy-N-methyl carboxamides are readily reduced

Scheme II. Synthesis of the Benzyl-Protected Desferrioxamine B Carboxylic Acid and Alcohol Derivatives
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Notes

by lithium aluminum hydride.!! The reaction proceeds
through a stable lithium-chelated intermediate which upon
hydrolysis furnishes the aldehyde. This methodology has
been employed successfully in the preparation of N-pro-
tected a-amino aldehydes.!? Attempted selective reduc-
tion of the ester functionality in 8 was unsuccessful under
a variety of reaction conditions, including activated sodium
borohydride!® and the diisobutylaluminum hydride~bu-
tyllithium complex,!* as well as lithium borohydride.’* In
all cases there occurred significant degradation of the
starting ester 8 with the formation of several products as
determined by HPLC analysis. In the reaction with lith-
ium borohydride a major product was separated and an-
alyzed spectroscopically. The compound was established
to be a low molecular weight alcohol [(M + H) = 337]
formed by cleavage of the central hydroxamate moiety. As
a result of these findings, we decided to concentrate our
efforts on the reduction of the triprotected carboxylic acid
9. While an initial ethyl chloroformate activation® failed,
success was finally achieved via formation of the inter-
mediate thioester and subsequent reduction with sodium
borohydride.l” Formation of the thioester 10 was achieved
by initial dicyclohexylcarbodiimide activation in the
presence of thiophenol and (dimethylamino)pyridine in
methylene chloride. This coumpound was smoothly re-
duced at room temperature in absolute ethanol following
addition of sodium borohydride to afford the benzyl-pro-
tected alcohol 11 in 85% yield. Last, the benzyl groups
were removed by catalytic hydrogenation over palladium
to furnish the desired product 3 (Scheme I) in 79% yield.

At this point our attention was focused on generating
the aldehyde 4 (Scheme I). Alcohol 11 was oxidized to the
corresponding benzyl-protected aldehyde by employing the
catalytic oxidant tetrapropylammonium perruthenate!® in
the presence of 4-methylmorpholine N-oxide in 70% yield.
Attempts at catalytic hydrogenation employing various
hydrogen donors and solvents were unsuccessful in gen-
erating aldehyde 4. In most cases a mixture of products
was obtained that could not be separated. We next pro-
tected the aldehyde as its dioxolane derivative. Catalytic
hydrogenation over palladium furnished the debenzylated
product in high yield while the aldehyde protecting group
remained intact. Attempted hydrolysis of the dioxolane
functionality with aqueous acetone containing catalytic
p-TsOH resulted in the unexpected cleavage of the hy-
droxamate group to afford the carboxylic acid 5. This
degradation product was spectroscopically identical with
an authentic sample.

Preparation of the Ferric Metabolite C Complex.
The ferric complex of metabolite C was prepared by uti-
lizing a new method. Previously, hydroxamate and cate-
cholamide ferric complexes were obtained by treatment
of the free ligands with simple ferric salts. This can lead
to problems especially when initial basic solutions are
required for chelator solubility. In our hands, formation
of hydroxamate iron(III) chelates employing such methods
has led to unsatisfactory results. Invariably, the overall

(11) Fehrentz, J. A.; Castro, B. Synthesis 1983, 676.

(12) Jurczak, J.; Golebiowski, A, Chem. Rev. 1989, 89, 149,

(13) Santaniello, E.; Fiecchi, A.; Manzocchi, A.; Ferraboschi, P. J. Org.
Chem. 1988, 48, 3074.

(14) Kim, S.; Ahn, K. H. J. Org. Chem. 1984, 49, 1717.

7(1%2Brown, H. C.; Narasimhan, S.; Choi, Y. M. J. Org. Chem. 1982,

47, 4702,

(16) Beeley, N. R. A,; Peel, R.; Sutherland, J. K.; Holohan, J. J.;
Mallion, K. B.; Sependa, G. J. Tetrahedron 1981, 37, 411.

(17) Liu, H.; Bukownik, R. R.; Pednekar, P. Synth. Commun. 1981,

1, 599.
(18) Griffith, W. P.; Ley, S. V.; Whitcombe, G. P.; White, A. D. J.
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Figure 1. Chromatogram of a mixture of desferrioxamine B and
its ferric and aluminum complexes.
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Figure 2. Chromatogram of a mixture of metabolite C and its
ferric and aluminum complexes.
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Figure 3. Chromatogram of a mixture of the desferrioxamine
alcohol derivative and its ferric and aluminum complexes.

yields were low, and chromatographic separation of pre-
cipitated ferric salts was necessary. We now wish to report
that reaction of hydroxamate ligands with commercially
available metal acetylacetonate complexes in a two-phase
system furnishes in high yield the corresponding metal
siderophore chelates. Thus, treatment of an aqueous
suspension of metabolite C with 1 equiv of ferric acetyl-
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acetonate dissolved in ethyl acetate results in rapid for-
mation of the water-soluble 1:1 ferric-metabolite C com-
plex (2a). The workup involved simply washing of the
aqueous layer with organic solvent followed by lyophili-
zation. Ferric hydroxamate complexes produced and iso-
lated in this manner typically do not require additional
purification.

HPLC Separation. We next determined the chroma-
tographic behavior of the three ligands (desferrioxamine
B, metabolite C, and the desferrioxamine alcohol deriva-
tive) in mixtures with their iron(IIT) and aluminum(III)
metal complexes. The chromatograms, shown in Figures
1-3, were generated by utilizing a phosphate buffer/
acetonitrile gradient system (Table I) in which each com-
ponent is at a concentration of 100 mg/L. With use of a
modification of the HPLC method described earlier,!® the
free ligands and their two corresponding complexes could
be resolved easily. Employing a mobile phase without the
addition of EDTA permitted the use of silca-based re-
versed-phase supports in place of the polymeric material
that had been used previously. Peaks 1 and 2 correspond
to the ferric and aluminum complexes, respectively,
whereas peak 3 (Figure 1) and peak 4 (Figures 2 and 3)
represent the free ligand. The minor component (peak 3
in Figures 2 and 3) develops only when a mixture of the
three compounds is chromatographed and is not present
in the individual chromatograms. As has been advanced
previously,?® the ferric complexes, owing to their more
compact molecular structure, elute faster than the corre-
sponding free ligands on silica-based supports. Replace-
ment of the terminal amino group of desferrioxamine B
by the carboxylic acid or alcohol functionality resulted in
an expected increase in the retention time at the applied
low pH.

Conclusion. The synthetic utility of the fully O-
benzyl-protected cyanodesferrioxamine derivative 6 has
been demonstrated by the synthesis of a major metabolite
of desferrioxamine B. The analytical and spectral char-
acterization of metabolite C and the desferrioxamine al-
cohol derivative will facilitate further pharmacokinetic
studies in desferrioxamine metabolism. Additionally, the
novel procedure described for the preparation of the ferric
metabolite C complex employing ferric acetylacetonate in
a two-phase system will find use in the siderophore field.
This procedure should be applicable to a wide range of
siderophore chelators, including the catecholamine-con-
taining ligands. Further, it may be possible to broaden
the scope of this method by making use of the various
metal acetylacetonate complexes available.

Experimental Section

'H NMR spectra were obtained at 360 or 400 MHz. FAB mass
spectra were determined on a VG ZAB-HF spectrometer (VG
Analytical, Manchester, UK). Melting points are uncorrected.
Standard samples of desferrioxamine B and ferrioxamine were
obtained from the Pharmaceutical Division of Ciba-Geigy. Re-
action progress and purification were monitored by analytical
reversed-phase HPLC, and the purity of all title compounds
determined to be 294% by HPLC and 'H NMR analysis unless
otherwise indicated.

Instrumentation and Chromatographic Conditions. The
gradient HPLC system used consisted of an LKB 2150 double-
piston pump, a low-pressure gradient mixer LKB 2152 (Uppsala,
Sweden), a three-way mixing valve LEE (Westbrook, USA), and
a Kratos 773 UV detector (Ramsey, USA) set to a detection
wavelength of 220 nm. Samples were injected by using a Gilson

(19) Jenuy, H. B.; Peter, H. H. J. Chromatogr. 1988, 438, 433.
(20) Cramer, S. M.; Nathanael, B.; Horvath, C. J. Chromatogr. 1984,
295, 405.

Notes

231 autosampler (Villiers-Le-Bel, France), equipped with a
Rheodyne Model 7010 injection valve (Cotati, USA) and data
processed with integration software Nelson Model 2600, revision
5 (Cupertino, USA), running on an IBM-AT03 personal computer.
The gradient system used is shown in Table I. The flow rate of
the mobile phase was 1 mL/min. The sample volume injected
was 50 uL throughout all experiments.

Stationary Phase. HIBAR columns (Merk, Darmstadt, FRG;
4.0 mm X 125 mm) were filled with spherical reversed-phase
silicagel of 5-um diameter, a pore size of 100 A, and C18 coating
(Macherey-Nagel, Dueren, FRG). The column endings were
equipped with stainless steel frits.

Mobile Phase. Mobile phase A (pH = 3.0) was made by mixing
10 mL of a buffer stock solution with 990 mL of deionized water.
Mobile phase B was prepared by mixing 80% (v/v) HPLC-grade
acetonitrile with 20% (v/v) of phase A. The stock buffer solution
was prepared by dissolving 60.0 g of potassium dihydrogen
phosphate in 950 mL of deionized water and adding ortho-
phosphoric acid to reach a pH value of 2.5 (about 6.75 g of or-
thophosphoric acid, 85%, is used). Water was then added to reach
1 L of total volume.

N’-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]-1,4-dioxobutyl](phenylmethoxy)amino]pentyl]-N-
(4-cyanobutyl)-N-(phenylmethoxy)butanediamide (6) was
prepared according to a published procedure.l®

N'-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]-1,4-dioxobutyl](phenylmethoxy)amino]pentyl)-N-
(5-ethoxy-5-iminopentyl)-N-(phenylmethoxy)butanediamide
Hydrochloride (7). Dry HCl gas was bubbled into absolute
ethanol (30 mL) under ice cooling and stirring for 1 h. The
solution was then charged with the nitrile 6 (1.55 g, 1.87 mmol),
and the suspension allowed to stand at —20 °C for 20 h. The
resulting solution was concentrated under reduced pressure to
afford 7 as a viscous oil which solidified under high vacuum. The
crude material was used directly without further purification
(HPLC = ~83%); 'H NMR (CH;0D) 6 1.25-1.37 (m, 4 H), 1.42
t,J = 17,3 H), 1.43-1.56 (m, 4 H), 1.57-1.76 (m, 8 H), 2.06 (s,
3 H), 2.38-2.50 (m, 4 H), 2.62 (m, 2 H) 2.68-2.79 (m, 4 H), 3.09-3.18
(m, 4 H), 3.60-3.75 (m, 6 H), 4.31-4.40 (q, J = 7, 2 H), 4.85-4.93
(m, 6 H), 7.34-7.47 (m, 15 H); IR (CH,Cl,) 3680, 3440, 3260, 3030,
2940, 2860, 1660, 1530, 1495, 1450, 1410 cm™.

N"-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]-1,4-dioxobutyl](phenylmethoxy)amino]pentyl]-N-
(4-(ethoxycarbonyl)butyl)-N-(phenylmethoxy)butanedi-
amide (8). To a flask containing the crude imidate hydrochloride
7 (1.70 g) was added 50 mL of ice water. The resulting mixture
was allowed to stand for 6 h, and then the product was extracted
into methylene chloride (4 X 50 mL). The combined organic layers
were washed with saturated NaHCOj solution, water, and brine;
dried over anhydrous sodium sulfate; and evaporated to dryness
under reduced pressure. The residue was chromatographed on
silica (4% CH3;OH/CH,Cl,) to afford 8 (1.22 g, 75%) as a waxlike
solid: 'H NMR (CH,0D) 4 1.21 (t, J = 8, 3 H), 1.28-1.37 (m, 4
H), 1.43-1.53 (m, 4 H), 1.56-1.68 (m, 8 H), 2.05 (s, 3 H), 2.30 (t,
J=17,2H), 243 (t,J =17, 4 H), 2.68-2.78 (m, 4 H), 3.09-3.18 (m,
4 H), 3.62-3.71 (m, 6 H), 4.08 (q, J = 7, 2 H) 4.87 (m, 6 H),
7.34-7.46 (m, 15 H), 7.84-7.89 (m, 2 H); IR (CH,Cl,) 3680, 3440,
3340, 3040, 2940, 2860, 1730, 1660, 1520, 1450, 1410 cm™'; FABMS
caled for CgHgN;O,q 874.10, found 874 (M + H)*).

N-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]-1,4-dioxobutyl](phenylmethoxy)amino]pentyl]-N-
(4-carboxybutyl)-N-(phenylmethoxy)butanediamide (9). To
a stirred solution of the ester 8 (1.15 g, 1.31 mmol) in acetone (70
mL) was added dropwise with ice cooling 25 mL of aqueous KOH
solution (0.073 g, 1.31 mmol). After the addition was complete,
the ice bath was removed and the solution was stirred at room
temperature overnight. After the removal of solvent in vacuo,
the residue was diluted with 30 mL of ice water and acidified by
the dropwise addition of an aqueous 0.1 M HCI solution. Fol-
lowing extraction with ethyl acetate, the combined organic layers
were washed with brine and dried (Na,SO,). Evaporation of the
solvent followed by chromatography on silica (4% CHzOH/
CH,Cl,) furnished 9 (0.61 g, 55%) as a clear oil: 'H NMR (C-
H,0D) 6 1.26-1.37 (m, 4 H), 1.43-1.55 (m, 4 H), 1.56-1.69 (m, 8
H), 2.05 (s, 3 H), 2.29-2.35 (t, J = 7, 2 H), 2.38-248 (t, J = 7,
4 H), 2.68-2.78 (m, 4 H), 3.09-3.18 (t, J = 8, 4 H), 3.62-3.71 (m,
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6 H), 4.87 (m, 6 H), 7.34-7.46 (m, 15 H); IR (KBr) 3320, 3030,
2940, 2860, 2600, 1728, 1655, 1550, 1455, 1410 cm™'; FABMS caled
for C“HsaN5010 846.04, found 846.5 ((M + H)+).
N-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]-1,4-dioxobutyl}(phenylmethoxy)amino]pentyl]-N-
(4-((phenylthio)carbonyl)butyl)- N-(phenylmethoxy)bu-
tanediamide (10). The acid 9 (2.09 g, 2.47 mmol) and thiophenol
(0.299 g, 2.72 mmol) were dissolved with stirring in methylene
chloride (50 mL). To the ice-cooled solution was added dropwise
dicyclohexylcarbodiimide (0.637 g, 3.09 mmol) in 15 mL of
methylene chloride followed by (dimethylamino)pyridine (0.059
g, 0.48 mmol) in 10 mL of methylene chloride. After the addition
was complete, the ice bath was removed and the reaction mixture
stirred overnight. The cloudy solution was filtered, and the white
solid washed with additional solvent. The organic solution was
washed with an aqueous 0.5 M HCI solution and a saturated
NaHCO; solution, then dried (Na,SO,), and evaporated to dryness
under reduced pressure. The crude oil 10 (1.89 g) was used directly
without further purification (HPLC = ~87%): 'H NMR (C-
H;0D) 6 1.27-1.36 (m, 4 H), 1.42-1.56 (m, 4 H), 1.57-1.70 (m, 8
H), 2.05 (s, 3 H), 2.37-2.46 (m, 4 H), 2.65-2.77 (m, 6 H), 3.10-3.17
(t,J = 8,4 H), 3.60-3.71 (m, 6 H), 4.86-4.93 (m, 6 H), 7.34-7.46
(m, 20 H); IR (CH,Cl,) 3680, 3440, 3340, 3040, 2940, 2860, 1700,
1660, 1520, 1450, 1410 cm™; FABMS caled for C;,HgN;0,S 938.21,
found 938 (M + H)*).
N'-[5-[[4-[[5-[Acetyl(phenylmethoxy)amino]pentyl]-
amino]j-1,4-dioxobutyl}(phenylmethoxy)amino]pentyl]-N-
(5-hydroxypentyl)- N-(phenylmethoxy)butanediamide (11).
Under a blanket of argon sodium borohydride (0.20 g, 5.28 mmol)
was added to a solution of the thioester 10 (1.10 g, 1.17 mmol)
in absolute ethanol (20 mL) at 0 °C. The reaction mixture was
stirred at room temperature for 2 h. The solution was cooled,
and then saturated aqueous ammonium chloride (30 mL) was
added. The resulting mixture was poured into ice-cold aqueous
1 N HCI (50 mL) and extracted with methylene chloride (3 X 75
mL). The combined organic layers were washed with brine, dried
(Na,S0,) and concentrated in vacuo. Purification was effected
by chromatography on silica eluting with 4% CH;OH/CH,Cl,
to afford 11 (0.83 g, 85%): 'H NMR (CDCl,) 4 1.23-1.37 (m, 6
H), 1.45-1.55 (m, 6 H), 1.58-1.66 (m, 6 H), 2.09 (s, 3 H), 2.45-2.51
(m, 4 H), 2.75~-2.84 (m, 4 H), 3.15-3.21 (m, 4 H), 3.57 (t,J = 7,
2 H), 3.58-3.67 (m, 6 H), 4.80 (s, 2 H), 4.85 (d, J = 4, 4 H), 6.38-6.50
(m, 2 H), 7.37 (s, 15 H); IR (CH,Cl,) 3680, 3610, 3440, 3340, 3040,
2940, 2860, 1660, 1520, 1450, 1410 cm™; FABMS calcd for Cy-
H¢:N;0, 832.06, found 832 (M + H)*.
N’-[5-[[4-[[5-(Acetylhydroxyamino)pentyl]amino]-1,4-di-
oxobutyl]Jhydroxyamino]pentyl]-N-(4-carboxybutyl)-N-
hydroxybutanediamide (2). The acid 9 (0.52 g, 0.61 mmol) was
dissolved in 50 mL of absolute ethanol. To the cloudy solution
was added palladium on carbon (0.26 g) under a blanket of argon.
The argon atmosphere was replaced with hydrogen, and the
mixture stirred vigorously overnight under ambient conditions.
Hydrogen was removed at reduced pressure and replaced with
argon. The suspension was heated to 80 °C and then filtered over
Celite, followed by washing with hot ethanol. Solvent removal
followed by recrystallization from water afforded 2 (0.28 g, 80%)
as a white solid: mp 140-141 °C 'H NMR (CD;0D) § 1.28-1.39
(m, 4 H), 1.47-1.56 (m, 4 H), 1.57-1.69 (m, 8 H), 2.09 (s, 3 H),
2.29-2.35 (t,J = 7, 2 H), 2.42-2.49 (t, J = 7, 4 H), 2.72-2.80 (t,
J=17,4H),312-3.20 (t,J =7, 4 H), 3.55~3.65 (m, 6 H); IR (KBr)
3420, 3300, 3140, 2930, 2860, 1720, 1620, 1565, 1460, 1395 cm™;
FABMS (M + H)*) = 576. Anal. Caled for CosH N0y C,
52.16; H, 7.88; N, 12.17. Found: C, 51.92; H, 7.83; N, 12.10.
General Procedure for Preparation of Complexes. N-
[5-[[4-[[5-(Acetylhydroxyamino)pentyl]lamino]-1,4-dioxo-
butyllhydroxyamino]pentyl]-N-(4-carboxybutyl)-N -
hydroxybutanediamide Ferric Complex (2a). To a suspension
of the acid 2 (23 mg, 0.04 mmol) in water (5 mL) was added ferric
acetylacetonate (13 mg) dissolved in ethyl acetate (5 mL). The
two-phase system was stirred vigorously for 2 h at room tem-
perature, and then the layers were separated. The aqueous so-
lution was washed with ethyl acetate and then lyophilized to afford
the product 2a (24 mg, 96%) as a red solid: FABMS calcd for
025H42F6N5010 62849, found 629 ((M + H)+)
N-[5-[[4-[[5-(Acetylhydroxyamino)pentyl]Jamino]-1,4-di-
oxobutyl]hydroxyamino]pentyl]-N-(5-hydroxypentyl)-N-
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hydroxybutanediamide (3). To a solution of the alcohol 11
(0.472 g, 0.567 mmol) in absolute ethanol (50 mL) was introduced
10% palladium on carbon (0.23 g). The suspension was stirred
under a hydrogen atmosphere overnight. After being heated to
80 °C, the mixture was filtered over Celite. Removal of solvent
in vacuo followed by recrystallization from water furnished 3 (0.25
g, 79%) as a white solid (mp 135-136 °C): 'H NMR (CH;0D)
6 1.28-1.42 (m, 6 H), 1.47-1.58 (m, 6 H), 1.58-1.68 (m, 6 H), 2.09
(s,3H),245(t,J=7,4H),2.76 (t,J =7,4H),3.15(t,J =7,
4 H),3.54 (t,J =7,2H),3.60 (t,J = 7, 6 H); IR (KBr) 3420, 3300,
3140, 2930, 2860, 1620, 1565, 1460, 1395 cm™L; FABMS (M + H)*)
= 562. Anal. Caled for CysH;N;0-H,0: C, 51.80; H, 8.52; N,
12.08. Found: C, 51.87; H, 8.36; N, 12.17.
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Rapid and accurate determination of the concentration
of organolithium and organomagnesium reagents has be-
come increasingly important with the wide use of these
reagents in organic synthesis.2 Recently developed col-
orimetric single-titration methods®!! are significantly
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