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Abstract The successful oxidative spirocyclization of 1- or 2-naphtho-
lic sulfonamides extends oxidative amidation methods to the naphtha-
lene series. A method to prepare N-unsubstituted spirolactam deriva-
tives of 1-naphthol is also presented.
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The recent discovery of the marine natural product, an-
salactam A, 1 (Scheme 1),1 has rekindled our interest in a
yet unresolved problem in phenolic oxidative amidation
chemistry:2 the assembly of N-unsubstituted spirolactams
3 by oxidative cyclization of primary phenolic carboxam-
ides 2, or analogues thereof. This transformation remains
elusive because, as first detailed by Kita,3 oxidative activa-
tion of phenolic amides (e.g., with a hypervalent iodine re-
agent)4 does not lead to spirolactams, but to spirolactones.
Thus, one may anticipate that attempted oxidative cycliza-
tion of 2 would not produce 3, but rather lactone 17 (see
Figure 1).5 Particular N-alkyl variants of 3 are available by
oxidative cyclization of phenolic oxazolines in the presence
of (diacetoxyiodo)benzene (DIB).6 However, this technique
is unsatisfactory for the assembly of N-unsubstituted spiro-
lactams, which have thus remained beyond the scope of ox-
idative amidation chemistry.

On the other hand, it is well established that phenolic
sulfonamides and phosphoramides undergo efficient spiro-
cyclization upon reaction with DIB.7 This induced us to
study the heretofore unknown oxidative conversion of an
N-acylsulfonamide 4 into spirolactam 5 (Scheme 2). It
seemed plausible that if the reaction were to succeed with a
substrate that incorporates a sulfonyl group that might be

cleavable under mild conditions,8 the initially formed 5
could be readily elaborated to the desired 3. One complica-
tion with this surmise was that, in the past, analogous oxi-
dative amidations had been achieved only with phenolic
substrates: similar transformations in the naphthol series
are unknown.9 Therefore, it seemed prudent first to ascer-
tain the feasibility of oxidative amidation reactions with
naphthol substrates. To that end, the oxidative conversion
of naphtholic sulfonamides 610 into spirocycles 7 was inves-
tigated. Such oxidative transformations were indeed found
to occur efficiently. More significantly, N-acylsulfonamides
4 were determined to be good substrates for oxidative con-
version into 5. This enabled the development of a method
for the assembly of lactams 3 based on the logic presented
in Scheme 2.

Scheme 1  Ansalactam A and a possible route to lactams 3

Scheme 2  Plausible avenues to spirolactams 3
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Initial experiments aiming to establish the feasibility of
the desired transformation, and the best solvent for it, fo-
cused on the DIB-mediated oxidative cyclization of a test
substrate 6, wherein R1 = H and R2 = Me. As seen in Table 1,
highest yields were obtained by operating in neat trifluoro-
acetic acid (TFA), as in the case of phenolic sulfonamides.7

Table 1  Oxidative Cyclization of a Mesylamide of Type 6a

Treatment of substrates 811 with DIB in TFA, under the
same conditions induced cyclization to spirocycles 9 in gen-
erally good to excellent yield (Table 2), with the exception
of 8e and 8g, which furnished product 9 in only 45 and 55%
yield respectively, and 8i, which gave no spirocyclic prod-
uct.

The failure of 8i to afford 9 may be due to the poor sta-
bility of the product under the acidic conditions of the reac-
tion. However, no effort was made to identify the byprod-
ucts obtained from 8i.

The 2-naphthol-based sulfonamides 1011 were easily
converted into 11 in a similar manner (Scheme 3). These re-
sults convincingly extend the scope of oxidative cyclization
of sulfonamides to the naphtholic series.

A more significant issue, the construction of lactams 3
according to Scheme 1, was addressed by exploring the oxi-
dative cyclization of N-acyl-sulfonamides 14. These were
prepared by EDCI-mediated coupling of acid 12 with appro-

priate sulfonamides, followed by release of the O-TBS group
(Scheme 4). Whereas the coupling step proceeded rather
uneventfully, the desilylation of compounds 13 proved to
be a delicate operation that had to be followed closely, be-
cause of the tendency of products 14 to cyclize to lactones
18 (Figure 1). The problem was especially acute with sub-
strate 13c, probably as a consequence of the more pro-
nounced nucleofugal properties of 4-nitrosulfonamide rela-
tive to, for example, methanesulfonamide. In that connec-
tion, it is worthy of note that desilylation of 13c with only
1.1 equivalents of tetrabutylammonium fluoride (TBAF)
yielded mostly 18, but successful deprotection was
achieved when the reaction was carried out with 2.2 equiv-
alents. Under such conditions, the anticipated product 14c
was actually obtained in the form of the bis-tetrabutylam-
monium salt.

Attempts to restore the neutral form of the molecule by
mild acidification resulted in cyclization to 18. We note that
N-deprotonation of acylsulfonamides is well known to re-
tard or suppresses the nucleophilic displacement of the sul-
fonamide segment.12

Entry Solvent Yield (%)b

a CF3CH2OH 20

b (CF3)2CHOH 28

c CH2Cl2 14

d CHCl3 12

e CH2Cl2 + TFA (1.1 equiv) 30

f CHCl3 + TFA (1.1 equiv) 18

g CH3COOH  4

h CF3COOH 65
a Performed with DIB (1.1 equiv), 10–15 min.
b Yield of chromatographically purified product.

HO O

NNH

SO2MeSO2Me

PhI(OAc)2
a

solvent, r.t.

Scheme 3  Oxidative cyclization of 2-naphtholic sulfonamides

DIB

TFA, r.t.
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10a   R = H
10b   R = MeO

R ROH O

N
H

MeSO2

N
MeSO2

11a   R = H        67%
11b   R = MeO   58%

Table 2  Oxidative Cyclization of 1-Naphtholic Sulfonamidesa

Entry R1 R2 Yield (%)b

a 4-MeC6H4 H 74

b 4-O2NC6H4 H 75

c 4-MeOC6H4 H 80

d PhCH2 H 96

e CF3CH2 H 45

f Me H 65

g Me Ph 55

h Me Br 83

i Me MeO –
a Performed with DIB (1.1 equiv), r.t., 10–15 min.
b Yield of chromatographically purified product.

HO O

NNH

SO2R1SO2R1

R2 R2

PhI(OAc)2

TFAa

8 9

Figure 1  Compound 17: spirolactone anticipated to result upon at-
tempted oxidative cyclization of amides 2. Lactone 18: byproduct ob-
tained upon desilylation of N-acylsulfonamides 13
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Acylsulfonamides 14 proved to be rather sensitive and
could not be purified to homogeneity. Acceptable losses
were incurred during a quick chromatographic purification
of compounds 14a and 14b. In contrast, the bis-tetrabu-
tylammonium salt of compound 14c was too sensitive and
did not withstand purification, even by crystallization. Fur-
thermore, substances 14 possessed limited shelf life. They
could be stored at –20 °C and under argon for some days,
but even under these conditions, degradation was apparent
by NMR analysis after about ten days.

The oxidative cyclization of 14 could not be carried out
in neat TFA (the medium of choice for the cyclization of sul-
fonamides 8 and 10), because dissolution of the compounds
in that solvent triggered rapid formation of lactones 18.
Fortunately, successful oxidative cyclization to spirolactams
15 (Scheme 4) was achieved in moderate yield by rapid ad-
dition of a solution of 14 in 1,1,1,3,3,3-hexafluoroisopropa-
nol (HFIP)13 into a solution of DIB in TFA, at room tempera-
ture. Whereas partially purified 14a and 14b were used in
this step, the bis-Bu4N+ salt of 14c was employed in crude
form (recall, poor stability precluded purification). The re-
sultant spirocycles 15 were considerably sturdier than their
precursors 14.

Chromatographic purification was achieved without
difficulty, and the compounds thus obtained seemed to be
quite stable for prolonged periods of time at room tempera-
ture. As a precaution, however, they were stored as solids at
–20 °C (Ar).

Nitrosulfonamide 15c provided the proof of principle
for the feasibility of the transformation depicted in Scheme
1. Thus, reaction of crude 15c with PhSH and K2CO3 in
MeCN–DMSO8 afforded the target spirolactam 16 in 78%
yield (Scheme 5).14

Scheme 5  N-Deblocking of nitrosulfonamide 15c

In summary, the oxidative ortho-cyclization of 1- and 2-
naphtholic sulfonamides occurs in synthetically useful
yields. A new method for the preparation of N-unsubstitut-
ed spirolactams of the type found in some recently discov-
ered alkaloids has been demonstrated, although the tech-
nique requires additional refinement. Relevant advances
will be the subject of future disclosures from these labora-
tories.
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10 was achieved by the same procedure detailed above. Thus,
10a (25 mg) afforded 11a (16 mg, 67%) after column chromatog-
raphy (EtOAc–hexane, 2:3) as a white solid; mp 116–118 °C. IR:
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1 H), 7.47–7.42 (m, 2 H), 7.32–7.31 (m, 2 H), 6.17 (d, J = 9.9 Hz,
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75.8, 49.9, 44.2, 40.0, 22.8. HRMS: m/z [M + Na]+ calcd for
C14H15NO3SNa: 300.0670; found: 300.0665.
1′-(Methylsulfonyl)-1H-spiro[naphthalene-2,2′-pyrrolidine]-
1,5′-dione (15a): A solution of 14a (19 mg, 0.1 mmol, 1.0 equiv)
in HFIP (2.0 mL) was added to a solution containing DIB (0.11
mmol, 1.1 equiv) in TFA (0.23 mL) at room temperature so that
the final concentration was 0.05 M. Upon completion of the
reaction (TLC, 5–12 min), the reaction mixture was evaporated
to dryness. Chromatography of the residue (silica gel; EtOAc–
hexane, 3:7) gave 15a (8 mg, 42%) as a white solid; mp 169–
171 °C. IR: 1737, 1686 cm–1. 1H NMR (300 MHz, CDCl3): δ = 8.05
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127.4, 124.7, 71.4, 41.6, 29.8, 28.9. HRMS: m/z [M + Na]+ calcd
for C14H13NO4SNa: 314.0463; found: 314.0468.
1H-spiro[naphthalene-2,2′-pyrrolidine]-1,5′-dione (16): A
solution of sulfonamide 15c (20 mg, 0.05 mmol, 1.0 equiv) in
MeCN (1.0 mL) was added at room temperature to a solution of
PhSH (16 mg, 15 μL, 150 μmol, 3.0 equiv) in MeCN (0.4 mL) con-
taining suspended K2CO3 (28 mg, 0.2 mmol, 4.0 equiv). DMSO
(0.1 mL) was then added to the reaction mixture and stirring
was continued at room temperature for 2 h, after which time
TLC showed that the reaction was complete. The reaction was
quenched with H2O (5 mL) and extracted with EtOAc (3 × 5 mL).
The combined extracts were washed with brine (5 mL), dried
(Na2SO4), and evaporated. The residue was dried under high
vacuum and purified by flash column chromatography (silica
gel; EtOAc–hexane, 3:4) to provide 16 (8 mg, 78%) as a white
solid; mp 131–133 °C. IR: 3430–3100 (br), 1698 cm–1. 1H NMR
(300 MHz, CDCl3): δ = 8.03 (d, J = 7.6 Hz, 1 H), 7.62 (td, J = 7.6,
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6.62 (d, J = 9.8 Hz, 1 H), 6.18 (d, J = 9.8 Hz, 1 H), 5.57 (br s, 1 H),
2.71–2.59 (m, 1 H), 2.46–2.31 (m, 2 H), 2.17–2.05 (m, 1 H). 13C
NMR (75.5 MHz, CDCl3): δ = 199.4, 178.8, 137.1, 135.3 (2C),
128.7, 127.9, 127.7 (2C), 127.0, 65.0, 32.2, 28.2. HRMS: m/z [M +
Na]+ calcd for C13H11NO2: 236.0687; found: 236.0687.
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