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Abstract: Both 15- and 16-membered biaryl-type lactams were
prepared in good yield using the intramolecular Staudinger ligation
strategy. 
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Various natural and synthetic compounds based on a
cyclic peptide scaffold with an endocyclic biaryl moiety
have been shown to possess important bioactivities (e.g.
biphenomycins A,B and RP-66453, Figure 1).1 In these
compounds rotation around the aryl–aryl bond is hindered
due to ring strain, even in the absence of ortho substitu-
ents, causing atropisomerism. Consequently, these
fascinating molecular architectures are attractive yet chal-
lenging synthetic targets.

Figure 1

Recently, we disclosed a new strategy for the synthesis of
the otherwise difficult-to-prepare medium-sized lactams
based on the intramolecular Staudinger ligation.2 This
method involves a Staudinger reaction of a C-terminal
phosphinomethylene ester with an N-terminal azide re-
sulting in an intermediate iminophosphorane, which un-
dergoes an intramolecular ring-contracting S→N acyl-
transfer reaction, via a favored five-membered transition
state (Scheme 1).3

The auxiliary residue is hydrolyzed in situ by the presence
of a small amount of water in the reaction mixture provid-
ing the liberated lactam. We envisaged that this approach
might be applicable to the construction of synthetically
challenging biaryl-type macrolactams displaying atrop-
isomerism as the only source of chirality. Herein, we

present an efficient method for the synthesis of chiral
macrocyclic lactams I containing a meta–meta connected
biaryl moiety (Scheme 2). Retrosynthetic analysis of the
target macrolactams shows that disconnection via the
Staudinger-type macrolactamization can follow two pos-
sible pathways to give w-azido phosphinothioesters II or
III and that formation of the biaryl linkage via Suzuki
coupling gives two appropriately functionalized aryls IV
and V (Scheme 2).

Scheme 2

Our ultimate goal was to introduce an appropriate chiral
phosphinothioester that would enable enantioselective
lactamizations. In addition, we chose the highly nucleo-
philic bisalkylphosphine auxiliaries instead of the previ-
ously used bisarylphosphines.4 For this, we developed a
convenient synthesis of the air-stable borane-protected
phosphinothiol auxiliary 2 and its optically enriched
analogue 3 (Scheme 3).
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tert-Butyl(dimethyl)phosphine borane (1)5 was deproto-
nated with s-BuLi (THF, –78 °C) and then trapped with S8

(1.1 equiv, THF, –20 °C to r.t.) to provide 2 in 72%
yield.6,7 The optically enriched analogue 3 was obtained
by asymmetric deprotonation by s-BuLi (THF, –78 °C) of
1 in the presence of (–)-sparteine providing 3 in 59% yield
and 92% ee.7–9

The construction of the C-terminal phosphinoester and an
N-terminal azide containing lactamization precursor is de-
picted in Scheme 5. The required biaryl frameworks were
prepared using the Suzuki–Miyaura coupling as the key
step (Scheme 4).10

Scheme 4 Reagents and conditions: a) Pd(PPh3)4 (2 mol%), aq
Na2CO3, THF, 80 °C, 18 h; b) Pd(OAc)2 (2 mol%), S-Phos (5 mol%),
aq K3PO4, toluene, 90 °C 16 h; c) TBAF, THF, 0 °C to r.t., 4 h, 95%.

The mono ortho- and unsubstituted biaryl compounds 6a
and 6b were synthesized using classical Suzuki–Miyaura
[Pd(PPh3)4, aq Na2CO3, THF, reflux] conditions starting
from arylboronic acid 411 and aryl bromides 5a and 5b to
give 6a and 6b in yields of 95% and 84%, respectively. To
obtain the hindered o,o-disubstituted biaryl 6c in good
yield, S-Phos12 was required as the ligand.

For the preparation of pathway A precursors 12a–d, alco-
hols 6a–c were converted into azides by mesylation fol-
lowed by nucleophilic substitution with sodium azide
(Scheme 5). TFA-mediated tert-butyl ester cleavage of
9a–c resulted in acids 11a–d that were coupled with the
amino esters 10a and 10b. Ester hydrolysis was followed
by introduction of the phosphinothiol auxiliary 2 to pro-
vide the precursors 12a–d. To obtain pathway B precur-
sors 15a–c, the azides 9a and 9b were reduced to their
amines using triphenylphosphine in THF–water and

acylated with the azido acids 13a and 13b,13 followed by
liberation of the acids 14a–c by tert-butyl ester cleavage
and thioesterification with the borane-protected auxiliary
2 (Scheme 5).

Scheme 5 Reagents and conditions: a) MsCl, Et3N, CH2Cl2, 0 °C to
r.t., 1 h; b) NaN3, DMF, overnight, r.t.; c) TFA–H2O (7:3), r.t., 18 h;
d) 10a or 10b, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
(EDC), DMAP (cat.), NaHCO3, CH2Cl2, r.t., 18 h; e) 4 N NaOH,
EtOH, r.t., 5–10 h; f) 2, EDC, DMAP, CH2Cl2, r.t., 16 h; g) PPh3,
THF–H2O (1:9), 70 °C, 4 h; h) 13a or 13b, EDC, DMAP (cat.),
CH2Cl2, r.t., 18 h.

The intramolecular Staudinger reaction was initiated by
liberation of the phosphane by decomplexation with
DABCO (5 equiv) in THF at 70 °C (Table 1).14,15 Based
on our preliminary investigation, we employed high-dilu-
tion conditions (10–3 M).2 Cyclization of 12a gave the
corresponding 16-membered lactam 17a in an isolated
yield of 67%.

Cyclization of the substituted precursor 15c gave lactam
18 in 57% yield. On the other hand, formation of the more
strained 15-membered lactam 17c took two days to pro-
duce the product in a reasonable 40% isolated yield
(Table 1).16 The o,o-dimethyl substituted biaryl lactam
17d was isolated in 61% yield as a racemic mixture of
stable atropenantiomers separable by chiral HPLC.17 The
observation that 17a–c are all achiral suggests that the

Scheme 3 Reagents and conditions: a) s-BuLi, THF,–78 °C, 3 h; b)
S8, THF,–78 °C to r.t., 2 h; c) s-BuLi, (–)-sparteine, Et2O,–78 °C, 3 h;
d) S8, THF, –20 °C to r.t., 2 h. The ee was determined by HPLC ana-
lysis using a Chiralcel OJ column and heptane–i-PrOH (95:5) as the
eluent (UV detection at 210/240 nm).
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presence of two methyl groups ortho to the biaryl linkage
is essential to obtain stable atropisomers. The degree of
stability of the axial chirality of 17d was studied by dy-
namic 1H NMR spectroscopy. It was found that even at
150 °C (DMSO-d6), no signals coalesced, demonstrating
the high rotational barrier of the aryl–aryl single bond.18

We next focused our attention on atropenantioselective
lactamization19 by using the enantiomerically enriched
phosphine auxiliary, however, the cyclization of 12d con-
taining the optically enriched auxiliary 3 provided lactam
17d with no detectable enantioselectivity. Most probably,
no enantioselectivity was achieved because the chiral
phosphine is too remote from the prochiral biaryl system
to allow any stereocontrol during the macrolactamization.

In conclusion, the intramolecular Staudinger ligation
strategy is a powerful method to ring-closed biaryl-type
macrolactams. A 16-membered o,o-dimethyl substituted
biaryl containing a medium-sized lactam has been pre-
pared featuring axial chirality as the only asymmetric ele-
ment. The same product was also prepared using an
enantiomerically enriched P-chiral auxiliary but without
any detectable asymmetric induction. Further studies to
reach this ultimate goal are currently in progress.
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