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A Suzuki coupling–macrolactamization approach to the AB-COD bicyclic
system of vancomycin

K. C. Nicolaou,* Joshi M. Ramanjulu, Swaminathan Natarajan, Stefan Bräse, Hui Li, Christopher N. C.
Boddy and Frank Rübsam

Department of Chemistry and The Skaggs Institute for Chemical Biology, The Scripps Research Institute, 10550 North Torrey
Pines Road, La Jolla, California 92037, USA and Department of Chemistry and Biochemistry, University of California, San
Diego, 9500 Gilman Drive, La Jolla, California 92093, USA

The effectiveness of the Suzuki coupling reaction in the
formation of the AB biaryl moiety and the beneficial role of
a preexisting COD ring system in a lactamization approach
to the AB-COD ring system of vancomycin is demon-
strated.

Vancomycin 1 is a polycyclic glycopeptide antibiotic effective
against drug-resistant bacterial strains.1 The daunting synthetic
challenge posed by its structure2,3 is largely due to the strained
nature of the 12-membered biaryl framework (AB ring system)
and the two 16-membered biaryl ethers (COD and DOE ring
systems). While several approaches for the construction of the
biaryl ether rings have been reported,4–6 only two methods so
far exist for the synthesis of the AB biaryl ring system.7,8 Here
we report a macrolactamization strategy to this system that has
the potential of contributing to vancomycin’s total synthesis.

Since attempts to form the AB framework of vancomycin as
a single system by a lactamization approach were unsuccess-
ful,9 we reasoned that an attached COD structure might
facilitate the process by preorganization, in much the same way
as occurred in the elegant synthesis of a similar AB-COD
framework by the Evans group, who employed a vanadium
catalyst.7 A Suzuki coupling reaction was chosen for the
construction of the biaryl system which, of course, is potentially
capable of atropisomerism.

Scheme 1 summarizes the construction of the requisite COD
model system 10. Thus, (S)-tyrosine methyl ester 2 was coupled
with (R)-4-methoxy-3-iodophenylglycine derivative 38 in the
presence of 2-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyl-
uronium hexafluorophosphate (HBTU) and Et3N to afford
dipeptide 4† in 80% yield.

Removal of the Boc group from 4 with TFA gave, in
quantitative yield, amine 5, which was coupled with triazene
carboxylic acid 7 [prepared from 6 by monobromination (62%),
triazene formation (83%) and 2,2,6,6-tetramethyl-1-piperidyl-
oxy (TEMPO) oxidation (86%)] as described above for 2 and 3,

leading to tripeptide 8 (90% yield). Cyclization5 of 8 in the
presence of K2CO3–CuBr·SMe2 in refluxing MeCN furnished
triazene 9 in 67% yield, along with 10% recovered starting
material and 6% of the arylglycine epimer of 9. Chromato-
graphic purification of 9 was followed by reductive removal of
the triazene moiety with TFA–Cu2O10 at reflux to give the
desired COD intermediate 10 (90% yield).

The elaboration of the COD building block 10 to the
vancomycin bicyclic systems is shown in Scheme 2. Thus,
2,5-dimethoxybenzyl alcohol 11 was converted to boronic acid
12 by N-iodosuccinimide (NIS) iodination followed by reaction
with BuLi and B(OMe)3 in 27% overall yield (unoptimized).
Suzuki coupling of iodide 10 with 12 was facilitated by
Pd(Ph3P)4 catalyst and Na2CO3 to afford a 1 : 1 mixture of the
two atropisomers 13a and 13b in 80% combined yield.9,11

Suzuki coupling of the parent boronic acid corresponding to 12
(without the methoxy groups) with iodide 10 (Scheme 2) led to

Scheme 1 Reagents and conditions: i, HBTU (1.2 equiv.), Et3N (3 equiv.),
DMF 0? 25 °C, 3 h, 90%; ii, TFA–CH2Cl2 (1 : 1), 0 °C, 1 h, 100%; iii, NBS
(1.2 equiv.), DMF, 62%; iv, conc. HCl (1.2 equiv.), NaNO2 (1 equiv.), 25
ml of 1 m NaOH, K2CO3 (2 equiv.), pyrrolidine (10 equiv.), 83%; v,
TEMPO (1 equiv.), KBr (0.1 equiv.), NaOCl (1.3 equiv.), acetone–5%
NaHCO3 (1 : 1), 86%; vi, HBTU (1.2 equiv.), Et3N (3 equiv.), DMF,
0? 25 °C, 3 h, 90%; vii, CuBr·SMe2 (2.9 equiv.), K2CO3 (2.4 equiv.),
pyridine, (3 equiv.), MeCN, reflux, 36 h, 67%; viii, TFA (2.2 equiv.), Cu2O
(5 equiv.), MeCN–THF–H2O (1 : 1 : 0.5), reflux, 1 h, 90%
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a single compound by TLC and 1H NMR spectroscopy,
supporting the atropisomeric relationship of isomers 13a and
13b (no epimerization at C5 and C6). In contrast to the simpler
coupling product, isomers 13a and 13b did not interconvert,
even at 333 K. The two isomers were chromatographically
separated and individually elaborated further. Thus, the more
polar compound 13a (Rf = 0.20, silica, 80% EtOAc in hexanes)
was treated with HN3–diethyl azodicarboxylate (DEAD)–
PPh3

9 (CAUTION: hydrazoic acid is toxic and explosive!) to
afford azide 14a (69% yield) which was saponified (LiOH,
THF–H2O, 0 °C) and converted to the corresponding penta-
fluorophenyl ester 16a via carboxylic acid 15a. Slow addition of
a dioxane–cyclohexene solution of crude 16a to a mixture of
10% Pd/C and pyrrolidinopyridine in dioxane and EtOH at
90 °C led to the formation of two cyclic products, 17a and 17aA
epimeric at C-6 (ca. 1 : 2 ratio) in 30% combined yield overall
from acid 15a. The less polar atropisomer 13b (Rf = 0.30,
silica, 80% EtOAc in hexanes) was subjected to the same
sequence of reactions, leading to 17b‡ and 17bA in similar
yields. The observed epimerization at C-6, which is presumed to
occur in the final step of the sequence, may not be an issue when
the entire AB-COD-DOE framework of vancomycin is in place,
particularly if thermodynamics favour the desired stereo-
isomer.

The stereochemical assignments of the four bicyclic systems
17a, 17aA, 17b and 17bA were based on 1H–1H NOESY
experiments, which revealed the NOEs for 17a and 17b shown
in Scheme 2.

In summary, we have demonstrated the power of the Suzuki
coupling reaction in the formation of the fully substituted AB
biaryl moiety9,11 and the beneficial effect of a preexisting COD
ring system in a lactamization approach to the AB ring system of
vancomycin. The asymmetric version of the Suzuki reaction
and its application in an intramolecular sense may offer further
opportunities in this area of synthesis.
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Scheme 2 Reagents and conditions: i, NIS (1.2 equiv.), DMF, 25 °C, 12 h,
89%; ii, BuLi (2.1 equiv.), B(OMe)3 (3 equiv.), THF, 240? 25 °C, 3 h, dil.
HCl, 30%; iii, Pd(PPh3)4 (10 mol%), Na2CO3 (1 equiv.), MeOH–toluene–
H2O, 90 °C, 2 h, 80%; iv, HN3 (5 equiv.), DEAD (5 equiv.), PPh3 (5 equiv.),
THF, 0? 25 °C, 1 h, 69%; v, LiOH (1.5 equiv.), THF–H2O (1 : 1), 0 °C, 0.5
h, 100%; vi, C6F5OH (2 equiv.), DCC (1.2 equiv.), DMAP (0.2 equiv.),
CH2Cl2, 25 °C, 1 h; vii, 4-pyrrolidinopyrridine (3 equiv.), 10% Pd/C (30
mol%), dioxane–EtOH–cyclohexene (90 : 8 : 2), high dilution, 90 °C, 5 h,
30% from 15a
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