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Solid-Phase Synthesis of Macrolide Analogues

Irini Akritopoulou-Zanze* and Thomas J. Sowin
Abbott Laboratories, 100 Abbott Park Road, Abbott Park, Illinois 60064-6099

Receied January 6, 2001

The synthesis of a solid-phase macrolide library is described. The library introduces three sites of diversity
to a suitable macrolide scaffold via reductive aminations.

As a part of a lead discovery program at Abbott Labs, we tion of macrolide antibiotics with increased activity against
have developed an efficient synthesis of a solid-phase macrolide resistant organisms is currently under develop-
macrolide combinatorial library. To our knowledge, this is ment® Abbott’s clinical candidate ABT-7734 exemplifies
the first example of a library that employs the macrolide this class of compounds (ketolides) that are 11,12-car-
core as a template for combinatorial synthesis. bamate Ery-A derivatives with a ketone at C-3 instead of

Macrolides are a class of antibiotic compounds that contain the cladinose sugar. ABT-773 showed increased activity
a large lactone (macro-olide) ring of 12 to 16 atoms and against inducible and constitutive resistant strains and
several sugars linked to the lactone ring. Macrolides have Haemophilus influenzae
been extensively used, over the past 40 years, for the
treatment of upper and lower respiratory tract infections and
are considered to be very well tolerated and safe. Among
them, erythromycin A (Ery-A).1, is the oldest and most ,

widely used, especially against Gram-positive bacteria and HO,
Mycoplasma pneumoniae o
o]
' Ho pMez g 0.0
- Desosamine
HO- O .
-L:i 0 g\;(OH
HO” OMe
0._0 3 Azithromycin 4 ABT-773
o bM?H Cladinose While yet a fourth generation of powerful antibacterial

candidates is emerging, macrolides have been also considered

1 R=H Erythromycin A for other uses such as in the areas of gastroenterology,

2 R = Me Clarithromycin rheumatology, cardiology, and canéérhus, we envisioned
a large macrolide combinatorial library that could be used
Erythromycin A was first isolatédin 1952 from Strep- for general screening.
tomyces erythreysand its structureand absolute stereo- Confronted with a molecule of such complexity, there were

chemistry were elucidated a few years later. It consists of many factors involved in the selection of an appropriate core.
a 14-membered lactone ring (erythronolide) and two sugars, The core had to be accessible from easily available starting
cladinose and desosamine, glycosidically attached to C-3 andmaterials, tolerant to reaction conditions on solid phase and
C-5 of the erythronolide ring, respectively. Although eryth- to monomer diversity, stable to cleavage conditions, and able
romycin A is an extremely important antibiotic with high to accommodate at least three sites of diversity. Additionally,
efficacy and low toxicity, its structure has been heavily we wanted to limit the strong antibacterial activity inherited
modified in search of derivatives with broad spectrum activity with the macrolide structure by designing a core that is
and bioavailability. Erythromycin A is unstable under the expected to have marginal antibacterial potency.

acidic conditions of the stomach, rendering degradation We have decided to use aldehy8ie(Figure 1) as an
products that are inactive and cause gastrointestinal discom-appropriate core that would fulfill the above-mentioned
fort. Structural modifications of the erythromycin structure criteria. The core can be obtained in seven steps frda 6-
resulted in acid stable derivatives clarithromycin (Biax2n)  allyl-erythromycin A? an intermediate in the synthesis of
and azithromycin (Zithromax3.* These compounds showed ABT-773, and is accessible in large quantities. Since most
better bioavailability, tissue penetration (distribution), and of the synthetic efforts in the area have been focused on
potency, and they are the most commercially successful modifications of the main macrolide ring and/or the sugars,
second-generation erythromycin analogues. A third-genera-we decided to introduce our diversity at remote sites that

10.1021/cc0100013 CCC: $20.00 © 2001 American Chemical Society
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Subsequent reaction with carbonyldiimidazole and sodium
hexamethyldisilazide resulted in elimination of 11-OH and
formation of the 120-acylimidazolide7. Heating of7 with
excess 1,3-diaminopropane, followed by Fmoc protection of
the free amino group, yielded cyclic carbam@8te~inally,
hydrolysis of the cladinose sugar with a 1:1 mixture of 1 N
aqueous HCI/MeOH at 58C gave des-cladinose compound
9 in 55% overall yield starting fron®. The formation of
10,11-cyclic carbamates of erythromycin A has been reported
before to proceed with retention of the configuration at
C-101211 We have observed similar results based 'bh
NMR chemical shifts and NOE experiments.

would cover a wider area in space. We have also eliminated To complete the core synthesis, theQH group was
the cladinose sugar as it would be too unstable underdeprotected and the resulting carbamaewas subjected
cleavage conditions. Finally, to limit the antibacterial activity to ozonolysis. Ozonolysis cleaved the allylic double bond
of our library, the 3-OH group was chosen instead of the as expected, but it also oxidized the amino group of

Figure 1.

3-ketoné? desosamine to the correspondiNgoxide. Treatment with
) . triphenylphosphine reduced tiNeoxide back to the amine,
Results and Discussion and the desired aldehydewas isolated as a stable solid

The core synthesis (Scheme 1) started wit-&yl- that can be stored at20 °C for months without significant

erythromycin A 6) prepared in three steps from erythro- decomposition.
mycin A° Benzoylation of6 proceeded only on the sugar For the library synthesis we used aminonomethylpolysty-
hydroxy groups, leaving the 11-OH and 12-OH free. rene resin containing a fluorine t&gand an extended

Scheme %
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aReagents and conditions: (a) &% EEN, DMAP, CH,Cly; (b) CDI, NaN(TMS), THF/DMF; (c) 1,3-diaminopropane, MeCN, 7C; (d) Fmoc-Cl, py,
CH.Cly; (e) 1 N aqueous HCI/EtOH, 1:1 ratio, 5&; (f) MeOH, 55°C; (g) Os, CHCl,, —78 °C, Me;S, —78 °C to 0°C; (h) PPh, THF, 70°C.



Solid-Phase Synthesis of Macrolide Analogues

Scheme 2
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aReagents and conditions: (a) DIC, DMAP, &F,/THF; (b) 20% piperidine/DMF, two times; (c) 10% AcOH/DMF, wash, NaCNBH0% AcOH/
DMF; (d) R,CHO, 10% AcOH/DMF, NaCNBHt (e) RRCHO, 10% AcOH/DMF, wash, NaCNB#110% AcOH/DMF; (f) 90% TFA/CHCl..

modified Wang type linker (structure shown below) prepared

Do

(o)

from methyl-4-bromobutyrate and 4-hydroxybenzyl alcohol
upon treatment with GEO; and subsequent ester hydrolysis
with LIOH. The resulting resirl1 (Scheme 2) was treated
twice with an Fmoc-protected amino acid to introduce the
first site of diversity in order to obtain sufficient loading.

introduced via a reductive alkylation of the tethered primary
amine with an aromatic aldehyde. Aliphatic aldehydes also
work, but the products are accompanied by bis-addition
byproducts. The final produdt5 was cleaved from the resin
using 95% TFA/CHCI,. The cleaved productd6 were
isolated as TFA salts after high-throughput HPLC purifica-
tion using 0.1% aqueous TFA/MeCN gradient. Table 1
summarizes representative examples of the above synthetic
sequence.

It should be noted that the above methodology was
developed for the production of a large mix and split

The Fmoc group was then removed, and the macrolide corecombinatorial library of about 70 000 members. The Fmoc
5 was loaded on the resin via a reductive alkylation of the groups were very important in assisting with quantitation
free aminel2 The resulting secondary amii8was reacted  experiments to determine loading after each step of the
with aldehydes as the second diversity site. It was fétind synthesis. Reaction completion was determined by ninhydrin
that only aliphatic aldehydes with a methylene or an aliphatic tests on the mixtures.

cyclic group next to the carbonyl could react in satisfactory =~ With the exception of proline and tryptophan, all other
yields with any amino acid. Aromatic aldehydes afforded commercially available Fmoc-protected amino acids have
low yields with unhindered amino acids and did not react at been evaluated, and most of them, upon loading to the resin
all with bulky ones. The third site of diversity was again and deprotection of the Fmoc group, readily participated in
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Table 1. Solid-Phase Synthesis of Macrolide Analogues

Resin Structure Loading Cleaved R1 R2 R3 # of TFA Purity” Yield®
(mmol/g)* Compound salts
12a 0.54 16a | NN /Q:‘f 4 57 % 9%
o Ao MeO' ~

'7,{ F

12 . 0.54 16b o O ﬂ;f 4 54% 17%
- NP

F
12¢ HN 0.59 16¢ \M(\ NY ©§‘i 4 90 % 15%

LY
124 » 059 16d S~ O 2 4 61 % 19 %

5 F
0.6 16e N O _ /(;g, 5 90 % 9%

o}
0.48 16 HOPN A~ o /© y 4 100 % 23%
(o] 'L{ F
12g » 0.48 16g PN O /@G 4 90 % 18 %
. :

t+-BuQ

HO.
12h 0.58 16h \©\ N /©r‘r 4 100 % 21 %
MeO >
HO. '17{ F
12i » 0.58 161 ©\ O /@gf 4 100 % 19 %
F 3

NHTMOB

NH,
o]
125 o 0.32 16j 04\ K Qxi 6 100 % B %

HoN e
o]

NH, e
12k ” 0.32 16k O)\ O Q\‘{ 6 100 % 31 %
NO,

12¢

12f

aloadings are based on Fmoc quantitation tests of the resin-loaded Fmoc-protected amirfoParitsof crude compounds cleaved
of the resin are based on analytical HPLC with ELSD detecti@wverall yield starting from resid2 after HT-HPLC purification. Yields
were determined based on Fmoc loadings of resis

the reductive amination of the macrolide core. Functional substituted aromatic and also heterocyclic aldehydes, includ-
groups on the amino acids were protected with TFA ing furfurals, thiophene-carboxaldehydes, and helicin (a
cleavable protecting groups. Serine, threonine, and tyrosinecarbohydrate-substituted aromatic aldehyde). The only no-
were protected with theert-butyl group; asparagine and table exception was pyrroles, although indoles provided the
glutamine were protected with the TMOB (trimethoxybenzyl) desired product.
group, aspartic acid with the-butyl group, histidine with
the DNP (dinitrophenyl) group. However, we were not
successful in deprotectingrt-butyl cysteine with TFA. All reactions were performed in dried flasks undes. N

For the second reductive alkylation, most commercially Anhydrous dichloromethane, THF, and DMF were purchased
available aliphatic aldehydes have been evaluated. Thefrom Aldrich. The solid-phase reactions were carried in glass
diversity on this site was somewhat limited due to steric peptide tubes pretreated with Sigmacote. ®INMR and
hindrance. Anya-hydroxylatedo-branched (with the excep-  3C NMR spectra were recorded on Bruker 500 MHz and
tion of simple cyclic rings), or conjugated acetylenic alde- 400 MHz instruments.
hydes did not participate in the reaction. Most conjugated For peak assignment numbers, see Schemes 1 and 2. The
or unconjugated double bonds were reduced at variable ratesfollowing system was used for the branches. AA (amino acid)
Aromatic aldehydes reacted sluggishly or not at all depending refers to the amino acid R1, starting with the acid carbon as
on the bulkiness of the amino acid group. However, when number 1. AL (aliphatic aldehyde) refers to branch R2,
the aromatic ring was moved one or more carbons away fromstarting the numbering from the carbon attached to the amine.
the carbonyl group, the reaction proceeded well. Similarly, AR (aromatic aldehyde) refers to branch R3, starting the
hydroxy groups on positions other thanto the carbonyl numbering from the carbon attached to the amine.
were well tolerated. Fmoc Quantitation. Resin loading was determined by

The third site was populated by reductive alkylations with exact weighting of 25 mg of resin, treating it with 0.4 mL
aromatic aldehydes. The reaction tolerated a variety of of piperidine and 0.4 mL of CkCl, for 10 min, then bringing

Experimental Section
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the volume up to 10 mL with CkCl,, and measuring the
UV absorption at 301 nm. The loading was calculated based
on the following equation:

loading (mmol/g of resinF (Agg;nmx 10 mL)/(7800x
grams of resin)

Ninhydrin Test. A total of 2-5 mg of resin was
subsequently treated with 78 of monitor 1 (purchased
from Perkin-Elmer, 76 w/w phenol/ethanol), 10Q of
monitor 2 (0.0002 M potassium cyanide/pyridine), and 0.75
uL of monitor 3 (0.28 M ninhydrin/pyridine). The mixture
was heated at 100 for 5 min. Dark blue beads and solution
indicate the presence of a primary amine (positive test).

2',4"-Di-O-benzoyl-6-O-allyl-erythromycin A. 6-O-Al-
lyl-erythromycin A6 (10 g,12.9 mmol) was dissolved in GH
Cl; (100 mL) and treated with benzoylanhydride (8.1 g, 32.3
mmol), triethylamine (3.6 mL, 25.8 mmol), and DMAP (1.6
0, 12.9 mmol). The mixture was allowed to stir for 2 days
and then the solvent was removed. The crude mixture was
redissolved in a small amount of GEl,, loaded to a column
(silica gel), and eluted with 50% ethyl acetate/hexanes to
give a white foamy solid. MS (ESI)m/z 982 [M + 1]. *H
NMR (CDCls): 6 (ppm) 8.03 (m, 2H, H-8, Bz), 8.03 (m,
2H, H-8, Bz), 7.60 (m, 1H, H-10, Bz), 7.57 (m, 1H, H-1Q
Bz), 7.46 (m, 2H, H-9, Bz), 7.45 (m, 2H, H-9 Bz), 5.88
(m, 1H, H-17), 5.14 (ddJ = 17.2 Hz,J = 1.5 Hz, 1H,
H-18b), 5.10 (m, 1H, H-18a), 5.08 (m, 1H, H-13), 5.07 (m,
1H, H-2), 5.03 (m, 1H, H-1), 4.99 (d,J = 7.6 Hz, 1H,
H-1'), 4.94 (d,J = 9.5 Hz, 1H, H-4), 4.48 (m, 1H, H-5),
3.94 (dd,J = 11.4 Hz,J = 5.4 Hz, 1H, H-16b), 3.92 (m,
1H, H-5), 3.83 (dd,J = 11 Hz,J = 7.4 Hz, 1H, H-16a),
3.73 (m, 1H, H-5), 3.71 (m, 1H, H-3), 3.62 (bs, 1H, H-11),
3.57 (brs, 1H, 11-OH), 3.55 (s, 3H,®Me), 3.08 (brs, 1H,
12-OH), 2.99 (m, 1H, H-10), 2.96 (m, 1H, H)32.85 (m,
1H, H-2), 2.59 (m, 1H, H-8), 2.49 (d,= 15 Hz, 1H, H-2b),
2.33 (s, 6H, 3NMe), 1.90 (m, 1H, H-4), 1.88 (m, 1H,
H-14b), 1.76 (ddJ = 15.4 Hz,J = 5.1 Hz, 1H, H-24a),
1.72 (m, 1H, H-&), 1.70 (m, 1H, H-7b), 1.53 (d} = 13.9
Hz, 1H, H-7a), 1.41 (s, 3H, 6-Me), 1.39 (m, 1H, H-14a),
1.36 (m, 1H, H-4a), 1.23 (s, 3H, 3-Me), 1.21 (m, 3H, 5-
Me), 1.21 (m, 3H, 2-Me), 1.13 (d} = 7.0 Hz, 3H, 8-Me),
1.09 (d,J = 6.9 Hz, 3H, 10-Me), 1.03 (s, 3H, 12-Me), 0.93
(d,J=5.9 Hz, 3H, 5Me), 0.80 (t,J = 7.4 Hz, H-15), 0.76
(d, J = 7.7 Hz, 3H, 4-Me).13*C NMR (CDCk): 6 (ppm)
219.9 (C-9),174.9 (C-1), 166.1 (C-6Bz), 165.5 (C-6 Bz),
135.8 (C-17), 133.3 (C-10 Bz), 132.6 (C-1Q Bz), 130.9
(C-7,Bz),129.9 (C-7, Bz), 129.6 (C-8 Bz), 129.6 (C-8,
Bz), 128.4 (C-9, Bz), 128.2 (C-9 Bz), 116.8 (C-18), 99.8
(C-1),96.1 (C-1'), 80.0 (C-5), 79.2 (C-6), 78.8 (C*% 78.5
(C-3), 76.3 (C-13), 74.4 (C-12), 73.0 (CRB 72.6 (C-2),
68.5 (C-11), 67.4 (C-3, 65.7 (C-16), 63.87 (C-5, 63.7 (C-
3), 49.5 (3-OMe), 45.4 (C-8), 44.4 (C-2), 40.9'¢BIMe),
37.9 (C-4), 37.7 (C-7), 37.5 (C-10), 35.4 (C)231.7 (C-
49, 21.3 (B3-Me), 21.2 (C-14), 21.1 (6-Me), 18.5'(8Me),
18.4 (8-Me), 16.3 (12-Me), 16.0 (2-Me), 12.3 (10-Me), 10.5
(C-15), 9.4 (4-Me).

12-0-Acyl-Imidazolide 7. 2',4"-Di-O-benzoyl-60-allyl-
erythromycin from above was dissolved in a 2:1 mixture of
THF/DMF (130 mL), and CDI (8.4 g, 51.7 mmol) was added

Journal of Combinatorial Chemistry, 2001, Vol. 3, No. 305

at once into the solution. Sodium hexamethyldisilazide (1
M in THF, 18.1 mL, 18.1 mmol) was then added slowly.
The reaction mixture became viscous, and TLC showed
almost immediate disappearance of starting material and
formation of the intermediate cyclic 10,X0-carbonate R

= 0.5, 50% acetone/hexanes). Upon stirring for 24 h, TLC
showed formation of the desired produ& & 0.3, 50%
acetone/hexanes). The reaction was quenched with water and
extracted three times with ethyl acetate. The organic layer
was washed with brine and dried overJS&,. The solution
was condensed, loaded on a column, and eluted with plain
ethyl acetate to yield a pale yellow-white glassy solid.

2 ,4"-Di-O-benzoyl-11-deoxy-11-(3-aminopropanylamino)-
11,12-carbamate-69-allyl-erythromycin A. Imidazolide7
was dissolved in MeCN (70 mL) and added to a solution of
1,3 diaminopropane (21.6 mL, 258.4 mmol) in MeCN (180
mL). The mixture was heated at 7G for 1 h, and the excess
diamine and the solvent were removed by heating &t@0
under vacuum fo5 h with occasional redissolving in GH
Cl, to release diamine trapped in the glassy solid. The
resulting solid was further pumped overnight at room
temperature to remove traces of diamine, and it was then
subjected to the next reaction.

2',4"'-Di-O-benzoyl-11-deoxy-11-(3N-Fmoc-aminopro-
panylamino)-11,12-carbamate-82-allyl-erythromycin A
(8). The amine obtained in the previous step was dissolved
in CH.CI, (250 mL), and to that were added, in two portions,
pyridine (4.2 mL, 51.6 mmol) and Fmoc-Cl (6.6 g, 25.8
mmol). After 1 h, the crude mixture was loaded on a column
and eluted with plain ethyl acetate to give a white solid,
which was used for the following step.

2'-0O-Benzoyl-11-deoxy-11-(N-Fmoc-aminopropanyl-
amino)-11,12-carbamate-82-allyl-3-hydroxy-erythrono-
lide A (9). The Fmoc-protected amirg was dissolved in
EtOH (125 mL), and the resulting solution was treated with
1 N aqueous HCI (125 mL) fo9 h at 55°C. The reaction
mixture was poured into saturated aqueous NakiGQlil
the pH was greater than 8, and the product was extracted
with CH,Cl, and purified by column chromatography with
plain ethyl acetate as the eluent to obtain a white solid (7.3
g, 55% overall yield for five steps). MS (ESIy/z 1024
[M + 1]. *H NMR (CDCl): ¢ (ppm) 8.07 (m, 2H, H-8
Bz), 7.75 (d,J = 7.5 Hz, 2H, H-30, Fmoc), 7.63 (m, 2H,
H-27, Fmoc), 7.57 (m, 2H, H-10Bz), 7.45 (m, 2H, H-9
Bz), 7.38 (m, 2H, H-29, Fmoc), 7.30 (m, 2H, H-28, Fmaoc),
5.75 (m, 1H, H-17), 5.62 (brt, 1H, 22-NH), 5.15 (@,=
17.2 Hz, 1H, H-18b), 5.04 (m, 1H, H-18a), 5.03 (m, 1H,
H-2'), 4.98 (m, 1H, H-13), 4.78 (d] = 7.5 Hz, 1H, H-1),
4.36 (m, 1H, H-24b, Fmoc), 4.33 (m, 1H, H-24a, Fmoc),
4.21 (m, 1H, H-25, Fmoc), 3.82 (m, 1H, H-16b), 3.79 (m,
1H, H-5), 3.76 (m, 1H, H-16a), 3.60 (m, 2H, H-20), 3.56
(m, 1H, H-8), 3.56 (bs, 1H, H-11), 3.41 (m, 1H, H-3), 3.35
(m, 1H, H-22b), 3.11 (m, 1H, H-22a), 3.01 (m, 1H, H-10),
2.89 (m, 1H, H-3), 2.62 (m, 1H, H-8), 2.61 (m, 1H, H-2),
2.28 (s, 6H, 3NMe), 2.12 (dJ = 6.2 Hz, 1H, 3-OH), 1.91
(m, 1H, H-4), 1.89 (m, 1H, H-14b), 1.83 (m, 1H, H-21b),
1.79 (m, 1H, H-&), 1.77 (m, 1H, H-21a), 1.63 (m, 1H,
H-7b), 1.47 (m, 1H, H-14a), 1.42 (m, 1H, H&j, 1.40 (m,
1H, H-7a), 1.31 (s, 3H, 6-Me), 1.30 (s, 3H, 12-Me), 1.26



306 Journal of Combinatorial Chemistry, 2001, Vol. 3, No. 3

(d,J = 6.6 Hz, 3H, 5-Me), 1.20 (dJ = 6.6 Hz, 3H, 2-Me),
1.10 (d,J = 7.1 Hz, 3H, 8-Me), 1.02 (dJ = 6.7 Hz, 3H,
10-Me), 0.79 (tJ = 7.4 Hz, H-15), 0.76 (dJ = 7.5 Hz,
3H, 4-Me).13C NMR (CDCk): 6 (ppm) 215.6 (C-9), 175.1
(C-1), 165.4 (C-§ Bz), 157.7 (C-19), 156.4 (C-23, Fmoc),

Akritopoulou-Zanze and Sowin

(100 mL) was placed in a three-neck round-bottom flask and
cooled at—78 °C under a flow of N. Ozone was then
bubbled through the solution until a blue color persisted
(approximately 40 min). The ozone flow was stopped and
replaced with a W flow at —78 °C until the blue color

144.1 (C-26, Fmoc), 141.3 (C-31, Fmoc), 136.1 (C-17), 132.7 disappeared. Dimethylsulfite (1.4 mL, 19.1 mmol) was then

(C-10, Bz), 130.6 (C-7, Bz), 129.7 (C-8 Bz), 128.2 (C-9
Bz), 127.5 (C-29, Fmoc), 127.0 (C-28, Fmoc),125.2 (C-27,
Fmoc), 119.8 (C-30, Fmoc), 116.1 (C-18), 99.9 (¢;-&3.0
(C-12), 80.2 (C-5), 79.6 (C-6), 77.2 (C-3), 76.2 (C-13), 72.1
(C-2), 69.0 (C-B), 66.6 (C-24, Fmoc), 64.6 (C-16), 63.4
(C-3), 60.9 (C-11), 47.3 (C-25, Fmoc), 45.5 (C-8), 44.0 (C-
2), 40.8 (3-NMe), 40.7 (C-20), 39.1 (C-10), 38 (C-22), 37.8
(C-7),36.0 (C-4), 31.8 (C*% 27.3 (C-21),22.1 (C-14),21.1
(5'-Me), 20.3 (6-Me), 19.1 (8-Me), 15.1 (2-Me), 14.2 (10-
Me), 14.1 (12-Me), 10.2 (C-15), 7.9 (4-Me).
11-Deoxy-11-(3N-Fmoc-aminopropanylamino)-11,12-
carbamate-6-O-allyl-3-hydroxy-erythronolide A (10). A
solution of erythronolid® (5.3 g, 5.2 mmol) in MeOH (200
mL) was heated at 58C for 23 h at which point the solvent

added slowly at—78 °C ,and the reaction mixture was
allowed to warm to 0C over 1 h atwhich point the solvent
was removed and the resulting yellow solid was dissolved
in THF (100 mL) and treated with triphenyl phosphine (3.8
g, 14.4 mmol). The mixture was heated underdil 70°C

for 4 h, and then it was allowed to cool. The solvent was
evaporated to give a brown-white crude solid, which was
purified by column chromatography (first 75% acetone/
hexanes, then 75% acetone/hexanes plus 0.5%4)Bb
obtain a slightly yellowish white solid (2.7 g, 64% yield).
MS (ESI): m/z 922 [M + 1]. *H NMR (CDCl): 6 (ppm)
9.64 (s, 1H, H-17), 7.76 (d] = 7.3 Hz, 2H, H-30, Fmoc),
7.65 (m, 2H, H-27, Fmoc), 7.39 (m, 2H, H-29, Fmoc), 7.32
(m, 2H, H-28, Fmoc), 5.57 (brt, 1H, 22-NH), 4.99 (m, 1H,

was evaporated and the crude mixture was subjected toH-13), 4.46 (dJ = 6.9 Hz, 1H, H-1), 4.36 (m, 2H, H-24,
column chromatography with 75% acetone/hexanes, toFmoc), 4.24 (tJ = 7.1 Hz, 1H, H-25, Fmoc), 3.87 (m, 2H,
remove the methyl benzoate byproduct, and then 75% H-16), 3.80 (m, 1H, H-11), 3.78 (m, 1H, H-5), 3.63 (m, 1H,

acetone/hexanes plus 0.5%M¥tto elute the product as a
white foamy solid (4.4 g, 92% vyield). MS (ESIy/z 920
[M + 1]. *H NMR (CDCl): 6 (ppm) 7.76 (dJ = 7.5 Hz,
2H, H-30, Fmoc), 7.64 (m, 2H, H-27, Fmoc), 7.39 (m, 2H,
H-29, Fmoc), 7.31 (m, 2H, H-28, Fmoc), 5.79 (m, 1H, H-17),
5.60 (brt, 1H, 22-NH), 5.18 (m, 1H, H-18b), 5.06 (db=
10.5 Hz,J = 1.5 Hz, 1H, H-18a), 5.02 (m, 1H, H-13), 4.43
(d,J=7.5Hz, 1H, H-1), 4.35 (m, 2H, H-24, Fmoc), 4.22
(t, J = 7.3 Hz, 1H, H-25, Fmoc), 3.84 (m, 2H, H-16), 3.82
(m, 1H, H-11), 3.80 (m, 1H, H-5), 3.65 (m, 1H, H-3), 3.60
(m, 1H, H-20b), 3.50 (m, 1H, H‘} 3.39 (m, 1H, H-20a),
3.36 (m, 1H, H-22b), 3.22 (dd] = 10.3,J = 7.3 Hz, 1H,
H-2'), 3.13 (m, 1H, H-22a), 3.04 (m, 1H, H-10), 2.75 (m,
1H, H-8), 2.74 (m, 1H, H-2), 2.45 (m, 1H, H)32.25 (s,
6H, 3-NMe), 2.18 (s, 1H, 3-OH), 1.95 (m, 1H, H-4), 1.95
(m, 1H, H-14b), 1.80 (m, 2H, H-21), 1.77 (m, 1H, H-7b),
1.65 (m, 1H, H-4b), 1.58 (m, 1H, H-14a), 1.57 (m, 1H,
H-7a), 1.46 (s, 3H, 12-Me), 1.30 (d= 6.6 Hz, 3H, 2-Me),
1.28 (s, 3H, 6-Me), 1.23 (d, 3H,B/e), 1.23 (m, 1H, H-%&),
1.17 (d, 3H, 8-Me), 1.16 (d, 3H, 4-Me), 1.07 (d,= 6.6
Hz, 3H, 10-Me), 0.87 (tJ = 8.3 Hz, H-15).°%C NMR
(CDCly): 6 (ppm) 215.1 (C-9), 176.0 (C-1), 157.5 (C-19),
156.4 (C-23, Fmoc), 144.1 (C-26, Fmoc), 141.2 (C-31,
Fmoc), 135.7 (C-17), 127.5 (C-29, Fmoc), 127.0 (C-28,
Fmoc), 125.2 (C-27, Fmoc), 119.8 (C-30, Fmoc), 115.8 (C-
18), 106.6 (C-1), 88.6 (C-5), 82.9 (C-12), 80.0 (C-6), 78.2
(C-3), 76.6 (C-13), 70.6 (C-p 70.1 (C-B), 66.7 (C-24,
Fmoc), 63.7 (C-16), 65.6 (C3 61.0 (C-11), 47.3 (C-25,
Fmoc), 44.6 (C-2), 44.1 (C-8), 40.4 (C-20), 40.2-k8Vle),
40.2 (C-10), 37.9 (C-22), 37.8 (C-7), 36.8 (C-4), 28.0 (C-
4), 27.2 (C-21), 22.1 (C-14), 21.2'¢Me), 20.0 (6-Me), 18.1
(8-Me), 15.4 (2-Me), 14.1 (12-Me),13.0 (10-Me), 10.3 (C-
15), 8.1 (4-Me).
11-Deoxy-11-(3N-Fmoc-aminopropanylamino)-11,12-
carbamate-6-O-carboxymethyl-3-hydroxy-erythrono-
lide A (5). Erythronolide10 (4.2 g, 4.6 mmol) in CKCI,

H-20b), 3.58 (m, 1H, H-3), 3.48 (m, 1H, H)53.42 (m,
1H, H-20a), 3.33 (m, 1H, H-22b), 3.23 (dd= 10.0,J =
7.3 Hz, 1H, H-2), 3.15 (m, 1H, H-22a), 3.08 (m, 1H, H-10),
2.78 (m, 1H, H-8), 2.73 (m, 1H, H-2), 2.52 (m, 1H, HM}3
2.29 (s, 6H, 3NMe), 2.16 (s, 1H, 3-OH), 1.95 (m, 1H,
H-14b), 1.94 (m, 1H, H-4), 1.84 (m, 1H, H-7b), 1.74 (m,
2H, H-21), 1.68 (m, 1H, H-d), 1.61 (m, 1H, H-7a), 1.58
(m, 1H, H-14a), 1.46 (s, 3H, 12-Me), 1.35 (s, 3H, 6-Me),
1.28 (d,J = 6.6 Hz, 3H, 2-Me), 1.23 (m, 1H, H'4), 1.20
(d, 3H, 3-Me), 1.19 (d, 3H, 8-Me), 1.15 (d, 3H, 4-Me), 1.08
(d,J= 6.8 Hz, 3H, 10-Me), 0.87 () = 7.1 Hz, H-15)1*C
NMR (CDCk): 6 (ppm) 215.4 (C-9), 201.5 (C-17), 176.2
(C-1), 157.3 (C-19), 156.4 (C-23, Fmoc), 144.1 (C-26,
Fmoc), 141.2 (C-31, Fmoc), 127.5 (C-29, Fmoc), 127.0 (C-
28, Fmoc), 125.2 (C-27, Fmoc), 119.8 (C-30, Fmoc), 106.2
(C-1), 87.6 (C-5), 82.8 (C-12), 81.0 (C-6), 78.0 (C-3), 76.9
(C-13), 70.5 (C-2, 70.0 (C-5), 68.8 (C-16), 66.7 (C-24,
Fmoc), 65.6 (C-3, 60.9 (C-11), 47.3 (C-25, Fmoc), 44.6
(C-2), 44.3 (C-8), 40.4 (C-20), 40.2'¢BIMe), 40.2 (C-10),
37.9 (C-22), 37.8 (C-7), 37.0 (C-4), 28.2 (O;427.2 (C-
21), 22.0 (C-14), 21.2 (8ve), 20.0 (6-Me), 18.0 (8-Me),
15.4 (2-Me), 14.2 (12-Me),13.1 (10-Me), 10.2 (C-15), 8.1
(4-Me).

Synthesis of Resin 12cln a peptide tube, resihl (1.2
g, 0.8 mmol), suspended in GEl, (6 mL), was treated with
a solution of Fmoa=-isoleucine (865 mg, 2.4 mmol) in THF
(4 mL), followed by addition of DIC (0.4 mL, 2.5 mmol)
and DMAP (30 mg, 0.25 mmol). After the tubes were rotated
for 6 h, the liquids were drained and the resin was washed
twice with CH,Cl, and DMF. New portions of reagents were
added to the resin, and the tube was rotated overnight. The
resin was washed two times each with DMF, MeOH,,€H
Cl,, 1:1 DMF/CHCI,, 1:1 MeOH/CHCI,, and CHCI, and
dried in a vacuum desiccator. Loading was determined by
Fmoc quantitation experiments to be 0.59 mmol/g (95%
yield).



Solid-Phase Synthesis of Macrolide Analogues

Resin-Bound 11-Deoxy-11-(N-Fmoc-aminopropanyl-
amino)-11,12-carbamate-89-(N-L-isoleucine)ethyl-3-hy-
droxy-erythronolide A (13c). In a peptide tube, resih2c
(1.2 g, 0.7 mmol) suspended in 20% piperidine/DMF (12
mL) was rotated for 0.5 h. The liquids were drained, and
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MeAA), 14.8 (12-Me),14.7 (10-Me), 12.5 (4-MeAA), 10.6
(C-15), 9.2 (4-Me).

Resin-Bound 11-Deoxy-11-(3N-Fmoc-aminopropanyl-
amino)-11,12-carbamate-89-(N,N-n-butyl, L-isoleucine)-
ethyl-3-hydroxy-erythronolide A (14c). In a peptide tube,

the reaction was repeated one more time with fresh portionsresin13c¢(33 mg, 0.01 mmol) was suspended in 10% AcOH/
of reagents. The resin was then washed two times each withDMF (0.5 mL) and treated withm-buraldehyde (2@, 0.2

DMF, MeOH, CHCl,, 1:1 DMF/CHCl,, 1:1 MeOH/CH-

mmol) for 2 h atwhich point NaCNBH (30 mg, excess)

Cl,, and CHCI, and dried in a vacuum desiccator. The was added, and the tube was rotated overnight. The resin

ninhydrin test was positive.

was washed two times each with DMF, MeOH, £Hp, 1:1

In a peptide tube, the resin was rotated with the macrolide DMF/CHzClz, 1:1 MeOH/CHCI,, and CHCI, and dried in

aldehyde5 (640 mg, 0.7 mmol) in 10% AcOH/DMF (10
mL) for 2 h atwhich point the liquids were drained and the

a vacuum desiccator. A small amount of resin was subjected
to TFA cleavage with 90% TFA/CKLI, (1 mL) for 1 h to

reaction was repeated one more time with fresh portions of 3l/ield a white foamy solid. MS (ESI)m/z 1093 [M + 1].
reagents. The resin was washed three times with DMF (10 'H NMR (CDC): 6 (ppm) 7.78 (dJ = 7.5 Hz, 2H, H-30,

mL each) and suspended again in 10% AcOH/DMF (10 mL).

Fmoc), 7.66 (dJ = 7.1 Hz, 2H, H-27, Fmoc), 7.37 (m, 2H,

NaCNBH, (400 mg, excess) was added, and the tube wasH-29, Fmoc), 7.29 (m, 2H, H-28, Fmoc), 5.05 (bdds 10.6

left open until bubbling subsided. The mixture was then

Hz, 1H, H-13), 4.65 (dJ = 7.2 Hz, 1H, H-1), 4.40 (dd,

rotated overnight, and the resin was washed two times eachi— 10-3 Hz,J = 7.2 Hz, 1H, H-24b, Fmoc), 4.30 (dd,=

with DMF, MeOH, CHCl,, 1:1 DMF/CHCl,, 1:1 MeOH/
CH,Cl,, and CHCI, and dried in a vacuum desiccator. The
ninhydrin test was negative. Loading was 0.3 mmol/g (79%
yield).

A small amount of the resin was subjected to TFA
cleavage with 90% TFA/CKCI, (1 mL) for 1 h toyield a
white foamy solid. MS (ESI):m/z 1037 [M + 1]. *H NMR
(CDCly): 6 (ppm) 7.78 (dJ = 7.3 Hz, 2H, H-30, Fmoc),
7.66 (m, 2H, H-27, Fmoc), 7.38 (m, 2H, H-29, Fmoc), 7.30
(m, 2H, H-28, Fmoc), 5.04 (brs, 1H, H-13), 4.65 §d&= 7.4
Hz, 1H, H-1), 4.35-4.29 (m, 2H, H-24, Fmoc), 4.24 (m,
1H, H-25, Fmoc), 3.87 (dJ = 2.3 Hz, 1H, H-5), 3.72 (m,
1H, H-20b), 3.71 (m, 1H, H-16b), 3.63 (m, 1H, H}53.59
(m, 1H, H-11), 3.58 (m, 1H, H-20a), 3.56 (m, 1H, H-16a),
3.49 (d,J = 3.4 Hz, 1H, H-2AA), 3.41 (ddJ = 10.5,J =
7.1 Hz, 1H, H-2), 3.34 (m, 1H, H-10), 3.33 (m, 1H, HB
3.30 (m, 1H, H-3), 3.23 (m, 2H, H-22), 3.08 (m, 1H, H-17b),
3.02 (m, 1H, H-17a), 2.71 (dd}, = 10.3 Hz,J = 6.6 Hz,
1H, H-2), 2.80 (s, 6H, 3NMe), 2.57 (m, 1H, H-8), 2.02
(m, 1H, H-4b), 1.97 (m, 1H, H-7b), 1.96 (m, 1H, H-3AA),
1.87 (m, 1H, H-14b), 1.86 (m, 1H, H-4), 1.74 (m, 2H, H-21),
1.68 (m, 1H, H-4bAA), 1.62 (m, 1H, H-14a), 1.54 (m, 1H,
H-7a), 1.49 (m, 1H, H-4), 1.48 (s, 3H, 12-Me), 1.37 (m,
1H, H-4aAA), 1.35 (s, 3H, 6-Me), 1.27 (d,= 6.2 Hz, 3H,
5'-Me), 1.18 (d, 3H, 2-Me), 1.17 (d, 3H, 8-Me), 1.10 {,
= 7.6 Hz, 3H, 4-Me), 1.02 (dJ = 1.1 Hz, 3H, 10-Me),
1.01 (d,J = 6.7 Hz, 3H, H-3-MeAA), 0.91 (tJ = 7.2 Hz,
3H, H-4-MeAA), 0.86 (t,J = 7.4 Hz, H-15).3C NMR
(CDCl): 6 (ppm) 219.4 (C-9), 177.7 (C-1), 172 (C-1AA),

10.3 Hz,J = 7.5 Hz, 1H, H-24a, Fmoc), 4.23 (m, 1H, H-25,
Fmoc), 3.90 (dJ = 2.4 Hz, 1H, H-5), 3.75 (m, 1H, H-20b),
3.64 (m, 1H, H-5, 3.57 (m, 1H, H-11), 3.55 (m, 1H, H-20a),
3.52 (m, 2H, H-16), 3.43 (ddJ = 10.6,J = 7.1 Hz, 1H,
H-2), 3.35 (m, 1H, H-3), 3.33 (m, 1H, H-10), 3.32 (m, 1H,
H-3), 3.31 (m, 1H, H-2AA), 3.22 (m, 2H, H-22), 2.96 (m,
2H, H-17), 2.9 (m, 2H, H-1AL), 2.81 (s, 6H,-BIMe), 2.73
(m, 1H, H-2), 2.56 (m, 1H, H-8), 2.02 (m, 1H, Hb}), 1.95
(m, 1H, H-7b), 1.91 (m, 1H, H-4), 1.90 (m, 1H, H-3AA),
1.85 (m, 1H, H-14b), 1.74 (m, 2H, H-21), 1.74 (m, 1H,
H-4bAA), 1.69 (m, 1H, H-2bAL), 1.61 (m, 1H, H-14a), 1.60
(m, 1H, H-2aAL), 1.54 (m, 1H, H-7a), 1.50 (s, 3H, 12-Me),
1.49 (m, 1H, H-4a), 1.36 (s, 3H, 6-Me), 1.31 (m, 1H,
H-4aAA), 1.30 (m, 2H, H-3AL), 1.27 (dJ = 6.1 Hz, 3H,
5-Me), 1.22 (d,J = 6.5 Hz, 3H, 2-Me), 1.16 (d) = 7.2
Hz, 3H, 8-Me), 1.11 (dJ = 7.5 Hz, 3H, 4-Me), 1.01 (dJ

= 6.8 Hz, 3H, 10-Me), 0.99 (d} = 6.8 Hz, 3H, H-3-MeAA),
0.94 (t,J = 7.2 Hz, 3H, H-4-MeAA), 0.87 (tJ = 7.1 Hz,
H-15), 0.86 (t,J = 7.1 Hz, 1H, 3-MeAL).3C NMR
(CDCl): 6 (ppm) 218.5 (C-9), 177.7 (C-1), 173.5 (C-1AA),
159.6 (C-19), 158.8 (C-23, Fmoc), 145.4 (C-26, Fmoc), 142.6
(C-31, Fmoc), 128.8 (C-29, Fmoc), 128.2 (C-28, Fmoc),
126.3 (C-27, Fmoc), 120.9 (C-30, Fmoc), 102.4 (§-85.1
(C-12), 81.4 (C-5), 81.1 (C-6), 78.0 (C-13), 77.7 (C-3), 73.1
(C-2AA), 70.6 (C-2), 69.3 (C-5), 68.1 (C-24, Fmoc), 67.0
(C-3), 63.5 (C-11), 59.9 (C-16), 53.8 (C-1AL), 49.9 (C-
17), 49.1 (C-25, Fmoc), 47.1 (C-8), 45.7 (C-2), 42.9 (C-
20), 40.5 (C-10), 40.2 (NMe), 39.8 (C-22), 39.2 (C-7),
38.5 (C-4), 34.5 (C-3AA), 31.9 (C1 28.8 (C-2AL), 28.1
(C-4AA), 22.7 (C-14), 21.3 (BMe), 21.2 (C-3AL), 21.1 (6-

159.5 (C-19), 159.0 (C-23, Fmoc), 145.5 (C-26, Fmoc), 142.6 Me), 19.8 (8-Me), 16.01 (2-Me), 15.7 (3-MeAA), 15.0 (12-

(C-31, Fmoc), 128.8 (C-29, Fmoc), 128.2 (C-28, Fmoc),
126.3 (C-27, Fmoc), 120.9 (C-30, Fmoc), 102.4 (§-85.0
(C-12), 81.7 (C-5), 81.0 (C-6), 78.1 (C-13), 77.4 (C-3), 70.7
(C-2), 69.4 (C-5), 68.7 (C-2AA), 68.1 (C-24, Fmac), 67.0
(C-3), 63.1 (C-11), 59.1 (C-16), 48.7 (C-25, Fmoc), 48.0
(C-17),47.0 (C-8), 45.7 (C-2), 42.5 (C-20), 40.8 (C-10), 40.1
(3-NMe), 39.7 (C-22), 39.1 (C-7), 38.5 (C-4), 37.6 (C-3AA),
31.8 (C-4), 29.3 (C-4AA), 27.5 (C-21), 23.1 (C-14), 21.3
(5'-Me), 20.9 (6-Me), 19.5 (8-Me), 16.09 (2-Me), 15.4 (3-

Me),14.9 (10-Me), 14.2 (3-MeAL), 12.2 (4-MeAA), 10.6 (C-
15), 9.4 (4-Me).

Resin-Bound 11-Deoxy-11-(N-benzyl-aminopropanyl-
amino)-11,12-carbamate-69-(N,N-n-butyl, L-isoleucine)-
ethyl-3-hydroxy-erythronolide A (15c). In a peptide tube,
resin14c(0.01 mmol) was treated with 20% piperidine/DMF
(0.5 mL) and rotated for 0.5 h. The liquids were drained,
and the reaction was repeated one more time with fresh
portions of reagents. The resin was then washed two times
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Table 3. 3C NMR Data ¢ ppm) in C;OD for Compoundsl 6a—k

position 16a 16b 16¢c 16d 16e 16f 169 16h 16i 16j 16k
1 177.8 177.8 177.8 177.4 177.5 177.7 177.5 177.8 177.5 177.8 177.8
2 457 457 45.7 45.7 455 45.7 45.7 45.7 45.7 45.7 45.8
2-Me 16.0 16.0 16.0 16.0 15.6 16.0 16.0 16.0 16.0 16.0 16.0
3 77.6 77.2 7.7 7.7 77.2 77.4 77.6 77.4 77.5 77.4 77.6
4 38.6 38.6 38.6 38.2 38.4 38.5 38.3 38.5 38.4 38.5 38.5
4-Me 9.1 9.2 9.1 9.1 8.8 9.1 9.2 9.2 9.2 9.2 9.2
5 80.9 80.7 81.0 80.7 80.3 81.0 81.3 80.8 81.1 80.8 81.0
6 81.7 81.7 81.6 81.4 81.3 81.5 80.9 81.6 81.1 81.6 81.4
6-Me 20.8 20.9 20.9 20.9 20.7 20.9 20.9 20.9 21.1 20.9 20.9
7 39.2 39.2 39.2 39.3 39.1 39.2 39.4 39.2 39.3 39.1 39.2
8 47.1 47.1 47.2 47.3 46.6 47.1 47.2 47.1 47.1 47.1 47.2
8-Me 19.6 19.7 19.6 19.6 19.3 19.6 19.7 19.6 19.6 19.7 19.7
9 219.1 219.2 219.1 218.8 219.0 219.2 219.1 219.2 219.0 219.5 219.7
10 40.5 40.5 40.3 40.2 40.2 40.5 40.3 40.5 40.4 40.5 40.5
10-Me 15.0 14.9 15.1 15.1 14.9 14.9 15.0 15.0 14.9 15.0 15.1
11 64.0 63.8 64.9 64.4 64.0 64.0 63.9 64.2 64.0 64.1 64.1
12 85.2 85.2 85.4 85.6 84.9 85.3 85.4 85.3 85.4 85.2 85.3
12-Me 14.8 14.8 14.7 14.6 14.5 14.8 14.7 14.8 14.7 14.8 14.8
13 78.2 78.2 78.2 77.8 77.9 78.1 7.7 78.2 77.9 78.2 78.2
14 23.1 23.1 23.1 23.2 22.8 23.1 23.1 23.1 23.2 23.1 23.1
15 10.6 10.5 10.5 10.6 10.2 10.6 10.6 10.6 10.6 10.6 10.6
1 102.3 102.3 102.3 102.1 101.9 102.2 102.2 102.3 102.3 102.2 102.2
2' 70.3 70.3 70.4 70.4 70.0 70.4 70.3 70.3 70.3 70.3 70.3
3 67.0 67.0 67.1 67.1 66.7 67.1 67.0 67.0 68.7 67.0 67.0
4 31.2 31.2 31.3 31.2 30.8 31.3 31.2 31.2 31.2 31.2 31.2
5 69.4 69.4 69.3 69.3 69.0 69.3 69.3 69.3 69.3 69.4 69.4
5'-Me 21.2 21.1 21.1 21.2 20.8 21.1 21.2 21.1 21.1 21.1 21.2
16 59.1 59.1 58.8 61.8 58.8 59.7 61.3 59.2 60.7 59.4 60.1
17 52.4 53.4 51.3 51.9 52.2 53.2 53.2 52.5 52.8 52.3 53.3
19 159.5 159.6 159.8 160.0 159.3 159.6 159.8 159.6 159.8 159.6 159.6
20 43.4 43.1 44.1 43.8 43.0 43.3 43.2 43.6 43.3 43.3 43.3
21 25.8 25.8 26.0 25.9 25.5 25.8 25.9 25.8 25.8 25.8 25.8
22 46.5 46.8 46.5 47.5 46.4 46.4 46.9 46.5 47.0 46.4 47.4
AA-1 173.1 173.0 170.9 174.3 169.8 172.8 173.2 172.1 173.6 171.1 171.3
AA-2 64.1 64.2 72.2 71.6 67.9 63.7 63.6 69.0 68.7 325 32.5
AA-3 12.0 12.8 345 35.1 17.08 33.1 34.5 34.4 34.8 175.2 176.3
AA-3-Me 15.2 16.2
AA-4 28.7 27.7 175.1 127.0 128.9
AA-5 12.2 11.5 131.4 131.3
AA-6 116.7 116.4
AA-9 158.0 157.6
AL-1 53.5 60.5 52.4 61.2 61.6 54.8 61.3 54.4 61.3 54.9 61.5
AL-2 27.4 35.6 26.8 36.8 35.0 28.7 42.2 27.6 36.3 28.6 35.8
AL-3 21.0 32.0 20.9 32.7 31.6 21.0 32.2 20.9 32.1 21.0 31.8
32.0 32.6 32.2 32.1 31.7
AL-4 13.9 26.6 14.0 27.1 26.5 14.0 26.9 13.9 26.8 14.0 26.8
26.6 27.0 27.0 26.8 26.6
AL-5 26.9 27.5 26.8 27.4 27.3 27.1
AL-6
AR-1 52.2 39.5 52.3 50.1 38.9 52.2 39.6 52.2 39.4 52.3 65.0
AR-2 134.3 116.8 132.7 127.9 117.5 134.1 110.7 134.1 110.9 132.8 128.1
AR-3 131.3 150.7 130.2 150.1 151.4 131.3 150.7 131.3 158.4 131.0 150.2
AR-4 161.6 148.4 131.0 127.0 149.2 161.7 147.4 161.6 148.4 130.5 126.9
AR-4-MeO 55.8 55.9 55.8
AR-5 115.9 120.5 130.5 132.6 120.5 116.1 120.7 115.9 120.6 130.2 132.4
AR-6 116.4 112.8 135.8 112.7 116.3 112.9 116.4 112.9 135.8
AR-7 122.9 162.7 135.0 157.9 122.9 162.7 122.9 162.5 134.9
3'-NMe-1 42.3 42.3 42.2 42.3 41.9 42.2 42.3 42.2 42.2 42.2 42.2
3'-NMe-2 37.4 37.4 37.6 37.5 37.1 37.5 37.4 37.4 37.4 37.4 37.4

each with DMF, MeOH, CKCl,, 1:1 DMF/CHCl,, 1:1 mL each) and suspended again in 10% AcOH/DMF (0.5
MeOH/CHCI,, and CHCI, and dried in a vacuum desic- mL). NaCNBH, (30 mg, excess) was added, and the tube
cator. The ninhydrin test was positive. was rotated overnight. The resin was washed two times each
Subsequently, in a peptide tube, the resin was rotated withwith DMF, MeOH, CHCl,, 1:1 DMF/CHCI;, 1:1 MeOH/
benzaldehyde (2@L, 0.2 mmol) in 10% AcOH/DMF (0.5  CHClp, and CHCI, and dried in a vacuum desiccator. The
mL) for 2 h atwhich point the liquids were drained, and the ninhydrin test was negative.
reaction was repeated one more time with fresh portions of 11-Deoxy-11-(3N-benzyl-aminopropanylamino)-11,12-
reagents. The resin was washed three times with DMF (10 carbamate-6O-(N,N-n-butyl, L-isoleucine)ethyl-3-hydroxy-
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Table 4. Elemental Analysis for Compound$a—k

compd elemental analysis calculated for found
16a CsgHgaF1oN4O21: C, 49.57; H, 6.31; F, 16.22; N, 3.99; O, 23.91. C,49.23;H, 6.23, N, 4.16
16b CooHs7F15N4O20: C, 49.05; H, 5.97; F, 19.40; N, 3.81; O, 21.78 C, 48.16; H, 5.87; F, 18.01; N, 3.64
16c CooHooF12N4O20: C, 50.84; H, 6.54; F, 16.08; N, 3.95; O, 22.58 C, 50.56; H, 6.81; N, 4.19
16d CeaHosF12NsO22: C, 50.36; H, 6.37; F, 15.17; N, 4.66; O, 23.43 C,49.88; H, 6.57; N, 4.85
16e CooHg7F15N4O21: C, 46.56; H, 5.55; F, 21.38; N, 3.50; O, 23 C, 45.96; H,5.52; N, 2.94
16f C59H88F12N4023: C, 4889, H, 612, F, 1573, N, 387, O, 25.39 C, 4862, H, 6. 06, N, 3.42
169 CeiHs7/F15N4O22: C, 48.41; H, 5.79; F, 18.83; N, 3.70; O, 23.26 C, 48.62; H, 5.86; F, 16.49; N, 3.39
16h CoaHooF12N4O2p: C, 51.33; H, 6.19; F, 15.23; N, 3.74; O, 23.51 C,51.22;H,6.12; N, 3.34
16i CeeHo1F15N4O21: C, 50.77; H, 5.87; F, 18.25; N, 3.59; O, 21.52 C,50.72; H,5.79; F, 16.05; N, 3.23
16j CeooHgoF18NsO2s: C, 45.23; H, 5.45; F, 20.77; N, 4.25; O, 24.30 C, 45.88; H, 5.59; N, 3.97
16k CesHooF18NsO27: C, 45.09; H, 5.36; F, 19.75; N, 4.85; O, 24.95 C,45.41; H,5.32; N, 4.65

erythronolide A (16¢). In a vial, resin15¢(0.01 mmol) was Acknowledgment. The authors thank Dr. Zhenkun Ma
rotated with 90% TFA/CELCI, (1 mL) for 1 h. The liquids and Dr. Xenia Searle for helpful discussions, David Whittern
were evaporated, and the cleaved product was taken up infor performing 2D-NMR experiments, and Johnathan Pease
MeOH and filtered. Evaporation of the solvent gave a crude for preparing the macrolide scaffold in large quantity for the

product, which was further purified by high-throughput synthesis of the mix and split combinatorial library.

HPLC (MeCN/NHOAc—buffer) to give 3.3 mg of product
(34% overall yield froml3¢ 26% yield from starting resin
11). MS (ESI): mVz 961 [M + 1]. 'H NMR (CDCL): 6
(ppm) 7.54 (m, 2H, H-4AR), 7.40 (m, 3H, H-3AR, H-5AR),
5.00 (dd,J = 10.6 Hz,J = 2.6 Hz, 1H, H-13), 4.68 (d] =
7.0 Hz, 1H, H-1), 4.28 (d,J = 13.2 Hz, 1H, H-1bAR), 4.17
(d,J = 12.8 Hz, 1H, H-1aAR), 3.91 (d] = 2.6 Hz, 1H,
H-5), 3.79 (m, 1H, H-20b), 3.65 (m, 1H, H)53.59 (m,
1H, H-11), 3.46 (m, 1H, H-20a), 3.40 (dd,= 10.6,J =
7.3 Hz, 1H, H-2), 3.38 (m, 1H, H-16b), 3.34 (m, 1H, H-16a),
3.33 (m, 1H, H-3), 3.31 (m, 1H, H-10), 3.25 (m, 1H, B-3
3.11 (m, 2H, H-22), 2.91 (m, 1H, H-17b), 2.92 (m, 1H,
H-2AA), 2.83 (m, 1H, H-1bAL), 2.76 (s, 6H,’aMe), 2.73
(m, 1H, H-2), 2.71 (m, 1H, H-1aAL), 2.58 (m, 1H, H-8),

2.54 (m, 1H, H-17a), 2.33 (m, 1H, H-21b), 2.09 (m, 1H,

H-21a), 1.99 (m, 1H, H-%), 1.96 (m, 1H, H-4), 1.95 (m,
1H, H-7b), 1.83 (m, 1H, H-14b), 1.78 (m, 1H, H-4bAA),
1.73 (m, 1H, H-3AA), 1.60 (m, 1H, H-14a), 1.56 (m, 1H,
H-7a), 1.53 (m, 2H, H-2AL), 1.50 (s, 3H, 12-Me), 1.48 (m,
1H, H-4a), 1.38 (m, 2H, H-3AL), 1.35 (s, 3H, 6-Me), 1.30
(d,J=6.2 Hz, 3H, 5Me), 1.23 (dJ = 6.5 Hz, 3H, 2-Me),
1.16 (d,J = 7.4 Hz, 3H, 8-Me), 1.14 (m, 1H, H-4aAA),
1.11 (d,J = 7.4 Hz, 3H, 4-Me), 1.02 (d, 3H, 10-Me), 0.96
(t, J = 7.3 Hz, 1H, 3-MeAL), 0.94 (m, 3H, H-3-MeAA),
0.92 (t,J = 7.7 Hz, 3H, H-4-MeAA), 0.83 (tJ = 7.3 Hz,
H-15).13C NMR (CDCk): ¢ (ppm) 218.2 (C-9), 178.1 (C-
1AA), 176.9 (C-1), 133.4 (C-2AR), 131.0 (C-4AR), 130.2
(C-5AR), 130.0 (C-3AR), 102.3 (C4 85.2 (C-12), 81.4
(C-5), 80.4 (C-6), 77.9 (C-3), 77.5 (C-13), 73.2 (C-2AA),
70.8 (C-2), 69.4 (C-5), 66.9 (C-3), 64.0 (C-11), 62.9 (C-
16), 53.0 (C-1AL), 52.1 (C-1AR), 52.0 (C-17), 47.1 (C-8),
46.3 (C-22), 45.7 (C-2), 43.8 (C-20), 40.2 (C-10), 40.% (3
NMe), 39.4 (C-7), 38.1 (C-4), 35.0 (C-3AA), 31.6 (O4
31.1 (C-2AL), 27.2 (C-4AA), 25.9 (C-21), 23.4 (C-14),21.4
(C-3AL), 21.2 (3-Me), 21.0 (6-Me), 19.7 (8-Me), 16.5 (3-
MeAA), 15.9 (2-Me), 15.0 (10-Me), 14.8 (12-Me), 14.5 (3-
MeAL), 11.5 (4-MeAA), 10.6 (C-15), 9.2 (4-Me).
Compoundsl6a—k were prepared following the same
procedure described above for the synthesitaf 'H NMR
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