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ABSTRACT: The combination of catalytic aqueous hydrochloric
acid (HCl) and N-bromosuccinimide (NBS) generated electro-
philic bromine monochloride (BrCl), which readily induced
spiroannulation of 2-alkynolyl anilides (n = 1−3) to form gem-
dibromospirocyclic benzo[d][1,3]oxazines in up to 92% yield. The
reaction occurred under mild and metal-free conditions using
EtOAc as a green solvent. The resulted spirocyclic products
contained benzo[d][1,3]oxazine, which was useful both as a
pharmacophore and synthetic precursor. In addition, the current
protocol allowed to effortlessly introduce the sp3-gem-dibromide
carbon adjacent to the sterically demanding spiroketal center.
These spiroheterocycles (n = 1) were shown to be synthetically
versatile and conveniently maneuvered. Base-promoted debromi-
native aromatization of these spirocycles unmasked rare and synthetically useful 2-aryl-3-bromofurans in mostly excellent yields.
These 3-bromofurans were well-suited substrates for intramolecular Ullmann C−N bond coupling to construct difficult-to-prepare
4H-furo[3,2-b]indoles. Additionally, the current protocol was flexible and adaptable to preparing the gem-dichloride variants.

■ INTRODUCTION

Alkyne serves as an excellent functional group for various
notable transformations.1 Its excellent ability to be activated by
Brønsted and Lewis acids led to various useful annulation
reactions for constructing functionalized cyclic structures.2 Our
own work demonstrated that halogen and interhalogen species
generated in situ3a could be utilized in a number of
electrophilic halogen-induced annulation processes leading to
a variety of carbocyclic and heterocyclic scaffolds.3b−d In these
works, TMSCl was employed, which, upon hydrolysis, led to
the generation of HCl in the reaction that served as a crucial
source of the chloride ion to react with N-halosuccinimide
(NXS) under acidic conditions to form interhalogen species
(X−Cl). It was shown that Cl2, BrCl, and ICl could be
prepared as a solution from the reaction of TMSCl and the
corresponding NXS. Among numerous cyclic skeletons, both
of natural and synthetic origins, spirocyclic structures represent
a class of fascinating molecules with intricate architectures. The
spiro centers in these molecules add three-dimensionality,
spatial complexity, and spatial diversity that frequently exerted
increased medicinal values.4 These special properties of
spirocyclic systems garnered much interest in the development
of preparative methods.5 Additionally, halogenated compounds
are well-documented for their bioactivities, as observed in
many natural products.6 In medicinal chemistry, the presence

of halogen can often improve bioactivities and other desired
drug-like properties of these compounds.7 The sp3-carbon-
centered geminal dihalides, or gem-dihalides, comprise a
subclass of halogenated functional groups holding special
status as useful synthons, especially of carbenes,8a−c and as
precursors for cross-coupling reactions,8d thus making the
development of methods for their preparation remain a topic
of interest among synthetic chemists. However, most published
methods for preparing sp3-gem-dihalides involved carbonyl
compounds as precursors undergoing complicated and lengthy
reactions,9 whereas alkynes were much less utilized due to
several challenging issues, including the regioselectivity of
hydrohalogenation and the competing elimination of HX to
form vinyl halides as side products.
Building on our previous work, the in situ generation of the

electrophilic halogen and its synthetic utilities in other
reactions continued to be a main theme of our research.
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Relating to the important facets of spirocycles and gem-
dihalides discussed thus far, novel uses of these electrophilic
halogens were intended for gem-dihalogenative spiroannulation
(Scheme 1). The electrophilic XCl could induce the
spiroannulation of the 2-alkynolyl anilide to form gem-
dihalospirocyclic benzo[d][1,3]oxazines (n = 1−3). In
addition to the assembly of the pharmacologically useful
benzoxazine nucleus,10 the embedded sp3-centered gem-
dihalide moiety in these compounds was anticipated to serve
as a useful synthetic handle for the synthesis of other
heterocyclic systems (Scheme 1). A transformation of,
especially, gem-dibromospirocyclic benzo[d][1,3]oxazines (n
= 1) could unveil N-(2-(3-bromofuran-2-yl)-phenyl)amides
which in turn was a suitable substrate for conversion to 4H-
furo[3,2-b]indoles. In fact, this type of indolofuran nucleus is
present in several bioactive compounds with bioactivities
including analgesic, anti-inflammatory, and anticancer proper-
ties.11 There are few existing preparative methods of this
indolofuran and related core structures, and they involved
lengthy procedures, needs for harsh conditions, expensive or
difficult-to-access chemicals, and special equipment.11a,b,12 At
the same time, these indolofuran core structures have been
shown to be synthetically useful for several notable trans-
formations, particularly for preparing various indole-containing
heterocycles.13

As shown in Scheme 2, we hypothesized that, when 2-
butynolyl anilide 1 was treated with NBS and HCl, which
generated BrCl,3a both Pathways I and II were possible. In
Pathway I, a favorable 5-endo-trig cyclization of the hydroxyl
group onto bromonium ion A led to bromodihydrofuran
intermediate B. This intermediate could undergo another

electrophilic bromination with another molecule of BrCl to
form oxocarbenium ion intermediate C, which could then be
intercepted intramolecularly by the nucleophilic oxygen of the
anilide to form gem-dibromospirocyclic benzo[d][1,3]oxazine
2Br. Pathway II, however, could not be discounted. The
nucleophilic oxygen of the anilide could potentially add to
bromonium ion D in a favorable 6-exo-trig fashion to generate
benzoxazine intermediate E. Electron delocalization from the
benzoxazine oxygen to abstract another bromine atom resulted
in oxonium intermediate F, which could be intercepted by the
remaining hydroxyl group in a favorable 5-exo-trig cyclization
to give the spirocyclic benzoxazines (2Br) as the product.
Spirocycles 2Br could serve as a novel and versatile

precursor for sequential transformations to compounds 3Br
and 4. The placement of gem-dibromide in spirocycle 2Br was
crucial for its conversion to 3-bromofuran 3Br. This could be
conceivably affected through a bromine atom abstraction by a
bulky nucleophile to affect fragmentation which would lead to
intermediate G. This intermediate then would readily undergo
aerobic aromatization to result in the formation of 3-
bromofuran 3Br. Due to scarce records in literature for the
synthesis of compounds 3Br, a successful conversion from 2Br
would add value to the current work to ensure effective and
reliable access to these compounds and to enable the
exploration of their relatively unknown synthetic potentials.
One foreseeable synthetic utility of compounds 3Br was the
conversion to indolofurans 4 via intramolecular C−N bond
formation between the anilide nitrogen and the Br-bearing
carbon at the 3-position of the furan ring.
Herein, we reported a successful development of a practical

and efficient method for the simultaneous construction of sp3-

Scheme 1. Features of the Current Work
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gem-dibromide embedded within benzoxazine spirocycles
(2Br). We also demonstrated that compounds 2Br could be
sequentially converted to 3-bromofurans 3Br and indolofurans
4. Furthermore, the developed method was shown to be
applicable to preparing 6- and 7-membered spirocyclic ether
systems as well as gem-dichloride variants.

■ RESULTS AND DISCUSSION

In order to realize the proposed transformations, starting
material 1a was prepared in two steps in an excellent overall
yield and employed as the screening substrate in search of
optimal conditions. According to the proposed mechanism in
Scheme 2, 2.0 equiv of NBS was required; therefore, all
reactions were optimized with this amount of NBS. As
discussed above, a source of chloride and acidic proton was
crucial for the generation of BrCl with NBS. With this
requirement, hydrochloric acid (HCl) solution was appropriate
for the reaction and was used as the Brønsted acid catalyst for
the optimization. Unless noted otherwise, the stock HCl
solution employed in the optimization was a 1.0 M aqueous
solution prepared by diluting concentrated (∼12 M) HCl with

deionized water. In addition, solvents used in these studies
were of AR grade unless specified. The results of these studies
were summarized in Table 1.
The optimization started with using 1.0 M of HCl solution

prepared in dry 1,4-dioxane. The initial reaction also employed
dry dioxane as the solvent with the concentration of substrate
1a maintained at 0.2 M, and the reaction was conducted at 0
°C. As shown in entries 1 and 2, the reactions gratifyingly
provided the desired product (2aBr) as expected from the
mechanism (Scheme 2). The reaction employing 2.0 equiv of
HCl was found to afford product 2aBr in lower yield (77%)
than 0.5 equiv (86%) while requiring the same amount of time.
A commercial solution of 4.0 M HCl in 1,4-dioxane was next
investigated (entry 3) using dry dioxane as the solvent. The
reaction went to completion within 30 min at 0 °C giving
product 2aBr in a slightly lower yield (82%). It was expected
that adventitious water present in 1,4-dioxane did not
negatively affect the reaction. Therefore, a more practical 1.0
M aqueous HCl solution was prepared and evaluated in the
optimization. The reaction optimization was further conducted
in AR-grade 1,4-dioxane using aqueous HCl solution.

Scheme 2. Proposed Mechanisms for the Synthesis of gem-Dibromospirocycle 2Br and Its Sequential Transformations to 3Br
and 4

The Journal of Organic Chemistry pubs.acs.org/joc Article

https://dx.doi.org/10.1021/acs.joc.1c00086
J. Org. Chem. 2021, 86, 4671−4698

4673

https://pubs.acs.org/doi/10.1021/acs.joc.1c00086?fig=sch2&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.joc.1c00086?fig=sch2&ref=pdf
pubs.acs.org/joc?ref=pdf
https://dx.doi.org/10.1021/acs.joc.1c00086?ref=pdf


However, the reaction was attempted at room temperature
(entry 4) to find that the reaction went to completion within
10 min while the yield dropped to 63% with a more complex
mixture observed. Although a lower yield was obtained, this
result showed that the reaction was largely feasible at room
temperature, which was more practical. We continued to
explore the reaction optimization at room temperature with
other solvents. When the solvent was switched to acetone
(entry 5), the reaction required 80 min to complete and could
furnish only a 47% yield of 2aBr. Keeping everything else
identical to entry 5 while reducing the concentration of the
substrate to 0.1 M gave an identical yield of the product (entry
6). Ethanol was next studied in entries 7−9 with different
concentrations of 1a and temperatures. By using 0.5 equiv of
aq HCl at 0 °C, the reaction afforded a 52% yield of 2aBr after
35 min (entry 7). When the reaction was conducted at room
temperature, it went to completion within 15 min and 57% of
2aBr was obtained (entry 8). When the substrate concen-
tration was reduced to 0.1 M, yield of the product improved
slightly to 64% (entry 9). The reaction was next investigated in
methyl t-butyl ether (MTBE) as the solvent (entry 10). At 0.1
M of 1a and 0.5 equiv of aq HCl at room temperature, the
reaction became more sluggish (80 min) and furnished the
desired product in 86% yield. The reactions were next
attempted in DCM and DCE (entries 11 and 12). Both
reactions in DCM and DCE at 0.2 M of 1a at room
temperature displayed fast conversion (10−15 min) to afford
2aBr in comparable yields (80% and 82% yield, respectively).
The reaction was next assessed in EtOAc (entries 13−16). By

employing 0.5 equiv of aq HCl and 0.2 M concentration of 1a,
the reaction smoothly went to completion at room temper-
ature within 15 min to give the desired product in an 87% yield
(entry 13). Under the same conditions, except for reducing the
concentration of 1a to 0.05 M, the reaction still went to
completion within 15 min at room temperature to afford the
product in practically identical yield (86% yield, entry 14).
However, when the reaction was conducted with a lower equiv
of HCl (0.25 equiv, entry 15), the reaction was very sluggish,
and only 17% of the desired product was afforded along with
an inseparable and unidentifiable mixture after 22 h. As our
previous work3a employed TMSCl and NBS to generate BrCl,
we attempted the reaction using TMSCl (0.5 equiv), instead of
HCl (entry 16). In this case, the reaction conducted at room
temperature was very slow, and the reaction was allowed to stir
overnight. Upon complete consumption of the substrate, the
reaction was observed by TLC to be a complex mixture of
products, and the desired product (2aBr) was isolated in only
8% yield. These results suggested that HCl was most
appropriate for the current spiroannulation reaction. The
conditions in entry 13, employing EtOAc, which is considered
a green solvent,14 were deemed practical and efficient and
were, therefore, adopted as the optimal conditions to study the
scope of the reaction.
The reaction of anilides 1 was studied with the results

presented in Table 2. Although EtOAc was the main solvent
used for these substrates, it was also found that 1,4-dioxane
could perform better in some cases, and the results were noted
accordingly in the table.
The reactions generally proceeded smoothly and rapidly

(complete within 5−15 min in most cases) with NBS to
generate compounds 2Br. For compound 1a, the reaction
proceeded slightly more efficiently in EtOAc than in 1,4-
dioxane, giving the desired 2aBr in 87% yield (86% in
dioxane). The structure of 2aBr was confirmed by X-ray
crystallographic analysis. Next, with R2 = Ph, substituents R1

were varied. The reaction of 1b (R1 = 6-Me) provided 2bBr in
82% yield, while the same reaction in 1,4-dioxane provided
2bBr in a better yield (88%), although this difference was
negligible. When R1 = 7-F (1c), product 2cBr was obtained in
a satisfactory yield (70%) while the reaction of 1d (R1 = 6-F)
furnished product 2dBr in 87%. These results seemed to
suggest that the electron-withdrawing property of fluorine
exerted no effect on the reaction. However, its different
positions on the anilide ring imposed a significant difference in
results with a more detrimental effect at C-7 (para- to the
alkyne) than at C-6 (para- to the amide). The same trend was
echoed as observed in substrates 1e (R1 = 7-Cl) and 1f (R1 =
6-Cl). For 1e, the reaction afforded 2eBr in 74% yield while
2fBr was obtained in 87% yield from 1f. These results of 1c−f
were decisive in concluding that an electron-withdrawing
group was more damaging to the reaction outcome when
located para- to the alkyne (2cBr and 2eBr) than para- to the
amide (2dBr and 2fBr). Nevertheless, the reactions were still
adequately efficient, providing the corresponding products in
good to excellent yields in all cases. Reactions were well-
tolerated to other electron-withdrawing substituents at C-6 as
seen in compounds 1g (R1 = 6-CF3) and 1h (R1 = 6-CN) as
they provided the desired products in good to excellent yields
(81% for 2gBr and 79% for 2hBr). However, for the strongly
electron-withdrawing NO2 group in substrate 1i (R

1 = 6-NO2),
the reaction furnished the corresponding product (2iBr) in a

Table 1. Reaction Optimization for Conversion of 1a to
2aBr

entry
equiv of
HCl solvent

conc of 1a
(M)

temp
(°C)

time
(min)

yield
(%)a

1 2.0b 1,4-dioxaned 0.2 0 20 77
2 0.5b 1,4-dioxaned 0.2 0 20 86
3 0.5c 1,4-dioxaned 0.2 0 30 82
4 0.5 1,4-dioxane 0.2 rt 10 63g

5 0.5 acetone 0.2 rt 80 47
6 0.5 acetone 0.1 rt 80 47
7 0.5 EtOH 0.2 0 35 52
8 0.5 EtOH 0.2 rt 15 57
9 0.5 EtOH 0.1 rt 10 64
10 0.5 MTBE 0.1 rt 80 86
11 0.5 DCM 0.2 rt 10 80
12 0.5 DCE 0.2 rt 15 82
13 0.5 EtOAc 0.2 rt 15 87
14 0.5 EtOAc 0.05 rt 15 86
15 0.25 EtOAc 0.2 rt 22 h 17e

16 n/af EtOAc 0.2 rt o/n 8e

aIsolated yields. b1.0 M stock solution prepared from conc HCl in dry
1,4-dioxane was used. cCommercial 4.0 M solution in 1,4-dioxane was
used. dDry 1,4-dioxane was used. eComplex mixture. f0.5 equiv of
TMSCl was used instead of the aqueous HCl solution. MTBE =
methyl t-butyl ether. DCM = dichloromethane. DCE = 1,2-
dichloroethane. n/a = not applicable. o/n = overnight.
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Table 2. Scope of Dibrominative Spirocyclization of 1 to Form 2Bra

aIsolated yields. bNCS (X = Cl) or NBS (X = Br) was used. cReaction was performed in 1,4-dioxane. dReaction required 30 min to complete.
eReactions were attempted in several solvents; see text for discussion. fCrystals of 2aBr and 2yBr were grown from a solution in MeOH with the
nucleation induced by a small addition of hexane into the solution. Once crystal was formed, the solvent mixture was allowed to slowly evaporate at
room temperature to allow the crystal to grow slowly.
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low yield (37%) in EtOAc and a lower but comparable yield
(31%) in 1,4-dioxane.
Substrates 1 with a variation of R2 (R1 = H) were next

examined. The reaction of 1j (R2 = 4-Me-Ph) proceeded
excellently to give desired product 2jBr in 86% yield. The
reaction of substrate 1k with the strongly electron-donating
group R2 = 2-OMe-Ph was less satisfactory (2kBr, 41%), which
may be largely attributed to the steric bulkiness of the methoxy
group at the ortho-position. This rationale was supported when
the methoxy substituent was placed further away from the
amide functional group as demonstrated with substrates 1l−m,
whose reactions provided corresponding products 2lBr and
2mBr in 83% and 82% yields, respectively. The reaction of
substrate 1n (R2 = 3,4,5-(OMe)3-Ph) furnished the corre-
sponding product 2nBr in a slightly lower but comparable
yield (78%). Conversion of 1o (R2 = 4-OCF3−Ph) proceeded
smoothly to afford product 2oBr in 84% yield. Substrates with
R2 as halogenated aryl groups were next examined. These
substrates were well-tolerated under the reaction conditions.
Both compounds 1p (R2 = 4-F-Ph) and 1q (R2 = 4-Cl-Ph)
were converted efficiently to furnish corresponding products
2pBr and 2qBr in 81% and 79% yields, respectively. However,
the reaction was slightly less efficient for 1r (R2 = 2-Br-Ph),
which gave desired product 2rBr in 75% yield. The efficiency
of the reaction was reduced further for substrate 1s (R2 = 2-F-
4-Br-Ph) which afforded product 2sBr in moderate yield
(69%). For these two latter cases, the steric hindrance of
halogen atoms at the 2-position of the aryl rings was suspected
as a probable cause of lower yields. The more strongly
electron-withdrawing substituents were next evaluated with
substrates 1t (R2 = 4-CN-Ph) and 1u (R2 = 4-NO2-Ph). The
reaction became more efficient with 1t that desired product
2tBr was obtained in 92% yield while the reaction of 1u was
less efficient; nevertheless, product 2uBr could still be obtained
in 74% yield. In these cases of 1t−u, however, the reactions
were slightly more sluggish, requiring up to 30 min to
complete. R2 alkyl groups were next studied with compounds
1v (R2 = Cy) and 1w (R2 = t-Bu). The reaction proceeded
moderately well with 1v to give the desired product (2vBr) in
72% yield while the reaction of 1w was far less efficient and
product 2wBr was obtained in a low yield of 36%. These two
latter cases repetitively suggested the sensitivity of the reaction
toward the steric hindrance of the group attached to the amide.
These cases showed that the bulkier tert-butyl group exerted a
more negative effect on the reaction yield than the less bulky
cyclohexyl group.
Substrates containing a secondary hydroxyl group 1x and 1y

were next studied. For substrate 1x substituted with a phenyl
group, the reaction proceeded moderately well to give the
corresponding product (2xBr) in 57% as a single diastereomer
as an amorphous solid. The yield was, however, inferior for the
reaction of substrate 1y, containing 4-OMe-Ph group, which
was conducted in EtOAc at room temperature and resulted in
only 36% of the product (2yBr). In this case, several
unidentifiable side-products were observed. Although low
yield, product 2yBr was obtained as a single diastereomer in
the crystalline form, the structure of which was confirmed by
X-ray crystallographic analysis with the relative stereochemistry
shown. This diastereomer was assumed to be lower in energy
because the bulky 4-OMe-Ph group was projected to the less
hindered side of the cyclic ether. With a similar pattern in 1H
NMR spectra of 2xBr to 2yBr, it was reasonable to suggest the
same relative stereochemistry for the single diastereomer of

compound 2xBr (Table 2). The diastereoselectivity observed
for this compound probably stemmed from the same reason as
stated above. The formation of 2yBr was also attempted in
EtOAc at 0 °C which produced the desired product in a better
yield (47%). However, yield became poorer when the reaction
was conducted in DCM at room temperature, which afforded
2yBr in only 25% yield. Finally, the reaction proceeded most
optimally for 1y in 1,4-dioxane at room temperature. In this
solvent, the product (2yBr) was obtained in 58% yield.
N-Chlorosuccinimide (NCS) was also effective in the

reactions of 1 to give gem-dichlorospirocyclic benzo[d][1,3]-
oxazine derivatives 2Cl, although the reactions were less
efficient than those with NBS. As shown in Table 2, the
reaction of 1a in EtOAc only afforded the corresponding 2aCl
in 19% yield. However, when 1,4-dioxane was used as the
solvent, the yield of 2aCl was improved to 53%. Reactions of
1b and 1c with NCS, performed in dioxane, gave 2bCl and
2cCl in 48% and 33% yields, respectively. The trend of results
observed for 2aCl−2cCl similarly paralleled that of 2aBr−
2cBr and was probably due to the same reasons as described
previously (vide supra). In contrast, attempts to synthesize the
gem-diiodide variants employing N-iodosuccinimide (NIS)
were proven fruitless as only decompositions were observed in
these reactions.
We then investigated the conversion of 2Br to 3Br as

proposed in Scheme 3. The optimal conditions were identified
after a brief optimization15 using 2aBr; the reaction proceeded
most optimally to furnish product 3aBr in 98% yield using 2.0
equiv of t-BuOK in N-methyl-2-pyrrolidone (NMP) at room
temperature. The scope of the reaction was studied with all
compounds 2Br prepared previously, as displayed in Table 3.
Conversion of 2Br to 3Br was generally well-behaved. For

compounds 2aBr−2iBr where R2 = Ph and R1 were varied, the
reactions consistently produced compounds 3Br in more than
80% yields, except for 2gBr (R1 = 6-CF3) and 2iBr (R1 = 6-
NO2), which produced the corresponding 3gBr and 3iBr in
satisfactory yields of 70% and 79%, respectively. With
compounds 2jBr-2wBr (R1 = H, varying R2), the reactions
proceeded very well in most cases, giving the corresponding
3Br products in good to excellent yields. For R2 as substituted
aryl groups, the conversions of these substrates provided
products in excellent yields (86−99%), except for 2kBr (R2 =
2-OMe-Ph), 2tBr (R2 = 4-CN-Ph), and 2uBr (R2 = 4-NO2−
Ph). For 2kBr, steric hindrance of the 2-OMe substituent may
have negatively affected the yield of the product (3kBr, 75%),
while, for 2tBr and 2uBr, the yields seemed to be negatively
affected by the strong electron-withdrawing effect of the
substituents (74% yields for both 3tBr and 3uBr). For
substrates with nonaryl R2 groups as in 2vBr (R2 = Cy) and
2wBr (R2 = t-Bu), the conversions proceeded reasonably well,
although giving lower yields than those with aryl R2 groups;
3vBr and 3wBr were obtained in 61% and 78% yields,
respectively. As for substrates 2xBr and 2yBr, both reactions
proceeded excellently to provide 3xBr and 3yBr in 93% and
99% yields, respectively. As expected from the mechanisms
(Scheme 2), an aryl substituent on the spirocyclic ether ring
did not cause any problem for the transformation of these
compounds. The reaction was proven to be very robust for
preparing compounds 3Br with full control of substitution
patterns on any portions of the molecules starting from
properly prefunctionalized substrates.
Compound 3aBr was used to study the conversion to

indolofurans 4a. The reaction was successfully optimized15
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Table 3. Scope of the Transformations of Spirocycles 2Br to 3-Bromofurans 3Bra

aIsolated yield. b3.0 equiv of t-BuOK was required. NMP = N-methyl-2-pyrrolidone.
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under modified Ullmann16a−c conditions based on a published
procedure.16d The most optimal conditions utilized 5 mol % of
copper(I) thiophene-2-carboxylate, or CuTC, 0.5 equiv of
N,N′-dimethylethylenediamine (DMEDA) as the ligand and
1.0 equiv of Cs2CO3 in refluxing anhydrous 1,4-dioxane under
an argon atmosphere. Under such conditions, 3aBr was
converted within 3 h to give the desired indolofuran (4a) in a
quantitative yield. This sequence of reactions was also carried
out with substrate 1a in a 1.84 mmol scale, which could
prepare product 4a in 60% yield over three steps, showcasing
the practicality of the current procedure. All compounds 3Br

prepared from the previous step were subjected to the optimal
conditions with results summarized in Table 4.
Most reactions produced the corresponding products in

good to excellent yields with the exception of a few cases.
Compounds 3bBr−3iBr (varying R,1 R2 = Ph) were converted
to the corresponding products in good to excellent yields in
almost all cases (76−95% yields), except for 3iBr (R1 = 6-
NO2). The reaction of 3iBr required 23 h to complete to
afford indolofuran 4i in 31% yield along with N-debenzoylated
indolofuran 4i′ in 19% yield, making the overall conversion
moderately efficient (50% combined yields). The strong

Table 4. Scope of Conversions of 3-Bromofurans 3Br to Indolofurans 4a

aIsolated yield. bReaction time was 23 h. cStarting material was recovered. CuTC = copper(I) thiophene-2-carboxylate. DMEDA = N,N′-
dimethylethylenediamine. NR = no reaction.
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electron-withdrawing effect of the NO2 group present in 3iBr
noticeably reduced the efficiencies of the C−N bond
formation. For the next series of substrates where R1 = H
and R2 = aryl groups (3jBr−3uBr), the outcomes seemed to
be more adversely affected by the steric effect of substituents
on R2 than their electronic properties. In most cases, products
4 were obtained in good to excellent yields (72−96%)
regardless of the electronic properties of the substituents
with only one exception in substrate 3pBr (R2 = 4-F-Ph). The
presence of the 4-F substituent resulted in the production of
product 4p in 55% yield. The larger adversity imposed on
these reactions by the steric effect was clearly illustrated in
substrates 3kBr, 3rBr, and 3sBr containing 2-substituents on
the R2 groups. Products were obtained in low to modest yields
4k (R2 = 2-OMe-Ph), 29%; 4r (R2 = 2-Br-Ph), 30%; and 4s
(R2 = 2-F-4-Br-Ph), 45%. In contrast, reactions of 3vBr (R2 =
Cy) and 3wBr (R2 = t-Bu) did not fare as well as those with R2

as substituted aryl rings. In these latter cases, only 25% of 4v
was obtained along with the recovered starting material
(3vBr), while the reaction of 3wBr failed to yield 4w
completely, and the starting compound was fully recovered.
Finally, compounds 3xBr and 3yBr, both containing 2,5-diaryl-
3-bromofuran systems, were uneventfully converted under the
standard conditions to give the corresponding products, 4x and
4y, in 94% and 73% yields, respectively. With these examples,
the synthetic sequence was shown to be robust and effective

for preparing indolofurans 4 with desired substituents and
substitution patterns in the molecules starting with appropri-
ately assembled substrates 1.
The versatility of the reaction was further evaluated with

substrates having longer pentynolyl pendant (5) with a focus
on the formation of the gem-dibromospirocycles. The reaction
of 5a (0.2 M) with NBS proceeded rapidly (typically 5−15
min) to furnish the corresponding product 6aBr in 80% yield
in EtOAc and 72% yield in 1,4-dioxane. The structure of this
crystalline product was unambiguously confirmed by X-ray
crystallographic analysis. A brief scope of the reaction was next
studied (Table 5).
The reaction of compound 5b (R1 = 6-Me) proceeded

uneventfully to give the corresponding product (6bBr) in 82%.
Substrates with R1 as a halogen atom were next assessed. Both
compounds 5e (R1 = 7-Cl) and 5f (R1 = 6-Cl) were
successfully converted to corresponding products 6eBr and
6fBr in 73% and 75% yields, respectively. The difference in
yields between 6eBr and 6fBr (73% vs 75%) was smaller than
that between 2eBr and 2fBr (74% vs 87%), suggesting the less
imposing electronic effects of substituent R1 in the formation
of the 6-membered spirocyclic ether ring. However, the
electronic effect was more pronounced for compound 5g (R1 =
6-CF3) as the reaction produced the corresponding product
(6gBr) in a moderate yield (60%). For substrates with
variations only on R2 (R1 = H), all reactions underwent

Table 5. Scope of Dibrominative Spirocyclization of 5 to Form 6Bra

aIsolated yields. bNCS (X = Cl) or NBS (X = Br) was used. cReaction required 30 min to complete. dReaction was performed in 1,4-dioxane.
eReaction was performed in DCM. fCrystal of 6aBr was grown from a solution in MeOH with the nucleation induced by a small addition of hexane
into the solution. Once crystal was formed, the solvent mixture was allowed to slowly evaporate at room temperature to allow the crystal to grow
slowly. gReaction required 3.5 h to complete.
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smooth conversions to the desired products in good to
excellent yields 6mBr (R2 = 4-OMe-Ph), 82%; 6tBr (R2 = 4-
CN-Ph), 80%; and 6vBr (R2 = Cy), 72%. Among these, a
larger steric hindrance of the cyclohexyl group (5v) seemed to
somewhat deteriorate the reaction efficiency as observed with a
slight drop in yield of 6vBr. In addition, the reaction of 5v was
also attempted in DCM for comparison to find that the yield of
6vBr was lower (62%) in this case, although the reaction was
comparably rapid. The reaction was next attempted with
substrate 5x containing a phenyl substituent on the secondary
hydroxyl group. The reaction led to the formation of the
desired product (6xBr) in 67% combined yield as inseparable
and unassignable diastereomers in a 37:63 ratio as determined
by the 1H NMR spectrum of the mixture.
The reaction was also applicable to using NCS to form 6Cl

as demonstrated with 5a, whose reaction with NCS in EtOAc
furnished 6aCl in 39% yield, while the reaction in 1,4-dioxane
provided the same product in 24% yield. Conversion of 5 to
6Cl was less efficient than to 6Br, reflecting the same general
trend as those in Table 2 between the conversions of 1 to 2Br
and of 1 to 2Cl.
Dibrominative spiroannulation was also studied with

substrates 7 possessing hexynolyl pendant (Table 6). The
reaction of 7a (0.01 M in EtOAc) proceeded to give the
corresponding 7-membered spirocyclic product (8aBr) in only
33% yield. However, the yield of 8aBr could be improved to
77% when the reaction was conducted in DCM, although the
reaction took longer (3 h). Regardless, reactions were less
efficient when compared to the formation of 5-membered
(2Br) and 6-membered (6Br) products even with a lower
concentration of the substrate. This, however, was not totally
unexpected as the formation of 7-membered rings is
intrinsically less favorable compared to those of 5-membered
and 6-membered rings.17

Nevertheless, this reaction remained useful for the formation
of the 7-membered spirocycles. When compound 7b (R1 = 6-

Me, R2 = Ph) was subjected to the optimal conditions in
EtOAc, product 8bBr was obtained in 38% yield while the
reaction carried out in DCM resulted in an improved yield
(54%) although reaction also took longer to complete. The
reactions of 7e (R1 = 7-Cl, R2 = Ph) and 7f (R1 = 6-Cl, R2 =
Ph) gave products 8eBr and 8fBr in poor but comparable
yields (29% and 22%, respectively). In addition, these reactions
required longer reaction times to complete, even in EtOAc (2
h). The reaction of compound 7g (R1 = 6-CF3, R

2 = Ph)
resulted in a complex mixture, both in EtOAc and DCM, and
provided less than 10% of impure 8gBr in both cases. When R1

= H and R2 were varied to 4-OMe-Ph (7m) and 4-CN-Ph
(7t), the reactions provided the desired products in low yields
8mBr, 36% (in EtOAc); and 8tBr, 20% (in EtOAc). However,
when the reaction of 7t was conducted in DCM, the yield of
8tBr was improved to 39%, although the reaction took longer
(2 h) to complete. Additionally, the reaction of 7v (R2 = Cy)
afforded product 8vBr in 30% yield in EtOAc while the
reaction performed in DCM rapidly (15 min) furnished
product 8vBr in 65% yield. From these results, the formation
of 7-membered spirocycles seemed to proceed better in DCM
than in EtOAc. Furthermore, when compared to other
arylamide substrates, the cyclohexanecarboxamide substrate
(7v) was more readily converted to the corresponding
spirocyclic product, with the exception of 7a, resulting in
both a faster conversion and a better yield.

■ CONCLUSIONS

In conclusion, a simple and convenient protocol to prepare
various gem-dibromospirocyclic benzo[d][1,3]oxazine deriva-
tives via dibrominative spirocyclization of 2-alkynolyl anilides
was disclosed. The reaction was induced by electrophilic BrCl
generated in situ from catalytic aqueous HCl and 2.0 equiv of
NBS and could be performed over a wide range of substrates to
form the desired spirocyclic products of 5- to 7-membered

Table 6. Scope of Dibrominative Spirocyclization of 7 to Form 8Bra

aIsolated yields. bReaction was conducted in DCM. cReaction time was 3 h. dReaction time was 2 h. eReaction time was 40 min. fContaminated by
inseparable impurities.
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rings in good to excellent yields in most cases. Furthermore,
the 5-membered gem-dibromospirocyclic products 2Br were
shown to be a useful building block in the conversion to 3-
bromofuran 3Br, mostly in good to excellent yields. In
addition, most 3-bromofurans 3Br were suitable substrates for
conversion via intramolecular modified Ullmann coupling to
yield indolofurans 4 in moderate to excellent efficiencies.
These sequential reactions provided straightforward, scalable,
and flexible access to indolofuran derivatives 4 in three steps
from compounds 1, making this procedure one of the only few
methods available for preparing this fused indolofuran system.
Many more synthetic potentials from this methodology could
be realized and foreseen in the near future.

■ EXPERIMENTAL SECTION
General Procedure. Commercial grade chemicals were used

without further purification, unless otherwise indicated. All solvents
were used as received. Oven-dried glassware (110 °C at least for 2 h)
was used in all reactions. Crude reaction mixtures were concentrated
under reduced pressure on a rotary evaporator. Column chromatog-
raphy was performed using silica gel 60 (particle size 0.06−0.2 mm;
70−230 mesh ASTM). Analytical thin-layer chromatography (TLC)
was performed with silica gel 60 F254 aluminum sheets. Nuclear
magnetic resonance (NMR) spectra were recorded in deuteriochloro-
form (CDCl3) with 300 and 400 MHz spectrometers, unless stated
otherwise. Chemical shifts for 1H NMR and 13C NMR spectra are
reported in parts per million (ppm, δ), relative to tetramethylsilane
(TMS) as the internal reference. Chemical shifts for 19F NMR spectra
are reported in parts per million (ppm, δ) using hexafluorobenzene as
the internal reference (δ = −164.9 ppm). Coupling constants (J) are
reported in hertz (Hz). Infrared spectra were measured using an FT-
IR spectrometer and are reported in cm−1. High-resolution mass
spectra (HRMS) were obtained using a time-of-flight (TOF)
instrument.
Procedure for Preparing Compounds 1a−c, 1e−p, 1r−w,

5a,b, 5e−g, 5m, 5t, 5v, 7a,b, 7e−g, 7m, 7t, 7v (Acylation
before Sonogashira Coupling) (Representative procedure:
Preparation of Compound 1a). A 25 mL round-bottomed flask
containing a magnetic stir bar was charged with 2-iodoaniline (1.034
g, 4.720 mmol, 1.00 equiv), followed by dry THF (10 mL), to give a
clear solution. The reaction mixture was then added with benzoyl
chloride (0.60 mL, 726.0 mg, 5.165 mmol, 1.09 equiv) and Et3N
(0.35 mL, 254.1 mg, 2.511 mmol, 0.53 equiv). The resulted mixture
was allowed to stir at room temperature under argon overnight (17−
18 h). Upon completion, the solvent was removed from the reaction
mixture under reduced pressure, and the remaining crude material
was purified by SiO2 column chromatography, eluting 5% EtOAc/
hexane to yield 1.283 g (84%) of the corresponding N-benzoyl-2-
iodoaniline product as a white solid.
A 25 mL round-bottomed flask containing a magnetic stir bar was

charged with N-benzoyl-2-iodoaniline (1.047 g, 3.240 mmol, 1.00
equiv), followed by PdCl2(PPh3)2 (44.5 mg, 0.0634 mmol, 0.02
equiv), and CuI (16.7 mg, 0.0877 mmol, 0.03 equiv), 3 mL of MeCN,
and 4 mL of Et3N. The resulted yellow mixture was degassed by a
steady stream of argon for 15 min. After degassing was complete,
homopropargyl alcohol (0.26 mL, 240.8 mg, 3.436 mmol, 1.06 equiv)
was added into the reaction via syringe, and the reaction mixture
immediately turned dark brown. The mixture was allowed to stir at
room temperature under argon overnight (17 h). Upon completion,
the reaction was diluted with saturated aqueous NH4Cl, and the
separated aqueous layer was extracted with EtOAc. Combined organic
phases were washed with saturated aqueous NaCl, dried over
anhydrous Na2SO4, filtered, and concentrated on a rotary evaporator
to give the crude product. The crude material was purified by SiO2
column chromatography, eluting 30% EtOAc/hexane to furnish 805.3
mg (89%) of product 1a as a brown solid.
Procedure for Preparing Compounds 1d and 1q (Sonoga-

shira Coupling before Acylation) (Representative Case:

Preparation of Compound 1d). A 25 mL round-bottomed flask
containing a magnetic stir bar was charged sequentially with 4-fluoro-
2-iodoaniline (318.4 mg, 1.343 mmol, 1.00 equiv), PdCl2(PPh3)2
(19.6 mg, 0.0279 mmol, 0.02 equiv), CuI (11.0 mg, 0.0578 mmol,
0.04 equiv), and 4 mL of Et3N. The resulted yellow heterogeneous
mixture was degassed by a steady stream of argon for 15 min. After
degassing was complete, the mixture was added with homopropargyl
alcohol (0.10 mL, 92.6 mg, 1.321 mmol, 0.98 equiv) via syringe. The
reaction mixture immediately turned dark brown and was allowed to
stir at room temperature under argon overnight (16 h). Upon
completion, the reaction mixture was diluted with saturated aqueous
NH4Cl, and the separated aqueous layer was extracted with EtOAc.
Combined organic phases were washed with saturated aqueous NaCl,
dried over anhydrous Na2SO4, filtered, and concentrated under
reduced pressure to give the crude product. The crude material was
purified by SiO2 column chromatography eluting 50% EtOAc/hexane
to furnish 218.2 mg (91%) of the desired product as a yellow solid.

A 25 mL round-bottomed flask containing a magnetic stir bar was
charged with 2-butynolylaniline (343.5 mg, 1.960 mmol, 1.34 equiv)
obtained from the previous step, followed by 5 mL of DCM. The
resulted clear solution was added with benzoyl chloride (0.17 mL,
205.7 mg, 1.463 mmol, 1.00 equiv) via syringe, and the resulted
reaction mixture was allowed to stir at room temperature overnight
(18 h). Upon completion, the mixture was diluted with water, and the
separated aqueous layer was extracted with DCM. Combined organic
phases were washed with saturated aqueous NaCl, dried over
anhydrous Na2SO4, filtered, and concentrated on a rotary evaporator
to give the crude product. The crude material was purified by SiO2
column chromatography, eluting 30% EtOAc/hexane to provide
461.9 mg (≥99%) of the desired product (1d) as a beige solid.

Procedure for Preparing Compounds 1x,y (Representative
Case: Preparation of Compound 1x). A 25 mL round-bottomed
flask was charged with benzaldehyde (572.6 mg, 5.396 mmol, 1.00
equiv) followed by 10 mL of dry THF to give a clear solution. The
solution under an argon atmosphere was then added sequentially with
zinc dust (1.895 g, 28.98 mmol, 5.37 equiv), diiodomethane (1.542 g,
5.470 mmol, 1.01 equiv), and propargyl bromide (0.53 mL, 887.4 mg,
7.040 mmol, 1.30 equiv). The reaction mixture was sonicated in a
sonication bath for 2.5 h to complete the reaction. Upon completion,
the reaction mixture was diluted with water, and the separated
aqueous phase was extracted with EtOAc. Combined organic phases
were washed with saturated aqueous NaCl, dried over anhydrous
Na2SO4, filtered, and concentrated in vacuo to give the crude product
as a yellow oil. The crude product was purified by SiO2 column
chromatography eluting 2−5% EtOAc/hexane to furnish 548.4 mg
(70%) of the desired benzylic alcohol as a clear yellow oil.

A 25 mL round-bottomed flask containing a magnetic stir bar and
the benzylic alcohol obtained from the previous step (249.5 mg, 1.707
mmol, 1.00 equiv) was added with PdCl2(PPh3)2 (24.7 mg, 0.035
mmol, 0.02 equiv), followed by N-benzoyl-2-iodoaniline (615.2 mg,
1.904 mmol, 1.12 equiv) and Et3N (5 mL), to give a yellow reaction
mixture. The reaction mixture was degassed by passing through a
steady stream of argon for 15 min. A slurry of CuI (13.7 mg, 0.072
mmol, 0.04 equiv) in 1 mL of Et3N was added into the reaction flask
by syringe followed by a 1 mL Et3N rinse. The reaction mixture
immediately turned dark brown, and it was allowed to stir at room
temperature under argon overnight (17 h). Upon completion, the
reaction mixture was diluted with saturated aqueous NH4Cl, and the
separated aqueous phase was extracted with EtOAc. Combined
organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na2SO4, filtered, and concentrated under a vacuum to give
the crude product as a brown oil. The crude material was purified by
SiO2 column chromatography, eluting 5−20% EtOAc/hexane to
furnish 320.6 mg (55%) of the desired product (1x) as a brown solid.

Procedure for Preparing Compound 5x. A 25 mL round-
bottomed flask containing a magnetic stir bar was charged with ethyl
benzoylacetate (524.9 mg, 2.731 mmol, 1.00 equiv), followed by 13
mL of THF. The resulted clear solution was added sequentially with
propargyl bromide (0.20 mL, 316.0 mg, 2.656 mmol, 0.97 equiv),
K2CO3 (566.2 mg, 4.097 mmol, 1.50 equiv), and NaI (102.0 mg,
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0.681 mmol, 0.25 equiv). The reaction mixture immediately turned
from a clear yellow solution to an orange heterogeneous mixture. This
mixture was allowed to stir vigorously at room temperature overnight
(23 h). Upon completion, the reaction mixture was diluted with
water, and the separated aqueous phase was extracted with EtOAc.
Combined organic phases were washed with saturated aqueous NaCl,
dried over anhydrous Na2SO4, filtered, and concentrated under a
vacuum to a crude material, which was purified by SiO2 column
chromatography, eluting 5−20% EtOAc/hexane to give 402.1 mg
(64%) of pure 2-propargylated 1,3-ketoester.
The 1,3-ketoester (351.9 mg, 1.528 mmol, 1.00 equiv) obtained

from the previous step was taken up in a 1:1 mixture of MeOH/H2O
(8 mL total) in a 25 mL round-bottomed flask with a magnetic stir
bar. The resulted reaction mixture was added with KOH (229.9 mg,
4.097 mmol, 2.68 equiv) and was allowed to stir at room temperature
for 3 h. Upon completion, the reaction mixture was diluted with
water, and the separated aqueous phase was extracted with EtOAc.
Combined organic phases were washed with saturated aqueous NaCl,
dried over anhydrous Na2SO4, filtered, and concentrated under
reduced pressure to give the crude decarboxylated product, which was
further purified by SiO2 column chromatography, eluting 5% EtOAc/
hexane to afford 103.0 mg (43%) of the desired alkynone as a white
solid.
The alkynone (93.9 mg, 0.594 mmol, 1.00 equiv) obtained from

the previous step was dissolved in 1 mL of EtOH and was added with
5 drops of MeOH. The reaction mixture was added with NaBH4 (23.2
mg, 0.613 mmol, 1.03 equiv) in one portion, and the resulted mixture
was allowed to stir at room temperature for 1 h. Upon completion, the
reaction mixture was diluted with water, and the separated aqueous
phase was extracted with EtOAc. Combined organic phases were
washed with saturated aqueous NaCl, dried over anhydrous Na2SO4,
filtered, and concentrated under reduced pressure to give the crude
product as a colorless oil. This crude material was purified by SiO2
column chromatography, eluting 5% EtOAc/hexane to yield 84.3 mg
(89%) of the desired alkynol as a colorless oil.
A 25 mL round-bottomed flask containing a magnetic stir bar was

charged with the alkynol obtained from the previous step (74.2 mg,
0.463 mmol, 1.00 equiv), N-benzoyl-2-iodoaniline (180.4 mg, 0.558
mmol, 1.21 equiv), PdCl2(PPh3)2 (6.8 mg, 0.010 mmol, 0.02 equiv),
and 3 mL of MeCN. The resulted mixture was stirred and degassed by
passing through a steady stream of argon for 25 min. Then a slurry of
CuI (4.1 mg, 0.022 mmol, 0.05 equiv) in 1.0 mL of Et3N was added
into the reaction flask via syringe, followed by a 1 mL Et3N rinse. The
reaction mixture immediately turned from yellow to dark brown, and
it was allowed to stir at room temperature overnight (16 h). Upon
completion, the reaction was diluted with saturated aqueous NH4Cl,
and the separated aqueous phase was extracted with EtOAc.
Combined organic phases were washed with saturated aqueous
NaCl, dried over anhydrous Na2SO4, filtered, and concentrated in
vacuo to give the crude product. The crude material was purified by
SiO2 column chromatography eluting 20% EtOAc/hexane to give
132.5 mg (67%) of desired product 5x as a brown solid.
N-(2-Iodophenyl)benzamide: 1283 mg (84%, white solid, purified

by SiO2 column chromatography eluting 5% EtOAc/hexane); mp
129.7−130.5 °C; IR (neat) νmax 3265, 3058, 1650, 1527, 749 cm−1;
1H NMR (300 MHz, CDCl3) δ 8.45 (dd, J = 8.1, 1.5 Hz, 1H), 8.29
(br s, 1H), 7.99−7.95 (m, 2H), 7.81 (dd, J = 8.0, 1.2 Hz, 1H), 7.61−
7.49 (m, 3H), 7.42−7.36 (m, 1H), 6.87 (td, J = 7.7, 1.5 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 165.3 138.8, 138.3, 134.5, 132.2,
129.4, 129.0, 127.2, 126.1, 121.8, 90.3; HRMS (ESI-TOF) m/z [M +
H]+ calcd for C13H11ONI 323.9880, found 323.9875.
N-(2-Iodo-4-methylphenyl)benzamide: 474.1 mg (≥99%, yellow

solid, purified by SiO2 column chromatography eluting 5−10%
EtOAc/hexane); mp 161.5−162.3 °C; IR (neat) νmax 3247, 1647,
1513, 1486, 1301, 818, 711 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.29 (d, J = 8.1 Hz, 1H), 8.20 (br s, 1H), 7.96 (dd, J = 8.0, 1.2 Hz,
2H), 7.651−7.647 (m, 1H), 7.61−7.49 (m, 3H), 7.21 (dd, J = 8.4, 1.2
Hz, 1H), 2.31 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2,
139.0, 136.1, 135.8, 134.6, 132.1, 130.0, 128.9, 127.1, 121.6, 90.3,

20.3; HRMS (ESI-TOF) m/z [M + Na]+ calcd for C14H12INNaO
359.9856, found 359.9850.

N-(5-Fluoro-2-iodophenyl)benzamide: 673.1 mg (63%, white
solid, purified by SiO2 column chromatography eluting 2−5%
EtOAc/hexane); mp 107.9−108.4 °C; IR (neat) νmax 3264, 1686,
1651, 759, 708 cm−1; 1H NMR (400 MHz, CDCl3) δ 8.41 (dd, J =
11.2, 3.2 Hz, 1H), 8.36 (br s, 1H), 7.97 (d, J = 7.2 Hz, 2H), 7.75 (dd,
J = 8.4, 6.4 Hz, 1H), 7.63−7.59 (m, 1H), 7.56−7.52 (m, 2H), 6.68
(td, J = 8.4, 2.8 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 165.3,
163.3 (d, C−F, 1JC−F = 245 Hz), 139.5 (d, C−F, 3JC−F = 12 Hz),
139.1 (d, C−F, 3JC−F = 9 Hz), 134.1, 132.4, 129.0, 127.1 113.1 (d, C−
F, 2JC−F = 22 Hz), 109.1 (d, C−F, 2JC−F = 29 Hz), 82.3 (d, C−F, 3JC−F
= 3 Hz); 19F NMR (376 MHz, CDCl3) δ − 113.37 to −113.44 (m);
HRMS (ESI-TOF) m/z [M − H]− calcd for C13H8FINO 339.9629,
found 339.9639.

N-(5-Chloro-2-iodophenyl)benzamide: 449.1 mg (≥99%, white
solid, purified by SiO2 column chromatography eluting 5% EtOAc/
hexane); mp 144.0−145.3 °C; IR (neat) νmax 3264, 2924, 1651, 1517,
1400, 1019, 713 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.58 (d, J = 2.4
Hz, 1H), 8.29 (br s, 1H), 7.96 (d, J = 7.2 Hz, 2H), 7.71 (d, J = 8.4 Hz,
1H), 7.63−7.51 (m, 3H), 6.89 (dd, J = 8.4, 2.4 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.2, 139.2, 139.1, 135.5, 134.1, 132.4,
129.0, 127.1, 125.9, 121.5, 86.8; HRMS (ESI-TOF) m/z [M + Na]+

calcd for C13H9
35ClINNaO 379.9310, found 379.9307.

N-(4-Chloro-2-iodophenyl)benzamide: 468.6 mg (≥99% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 128.4−129.4 °C; IR (neat) νmax 3264, 1686,
1651, 759, 708 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.39 (d, J = 9.0
Hz, 1H), 8.25 (br s, 1H), 7.96−7.93 (m, 2H), 7.78 (d, J = 2.4 Hz,
1H), 7.61−7.49 (m, 3H), 7.37 (dd, J = 8.9, 2.1 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.2, 137.8, 137.1, 134.1, 132.3, 129.9,
129.4, 129.0, 127.1, 122.1, 89.9; HRMS (ESI-TOF) m/z [M + Na]+

calcd for C13H9
35ClINNaO 379.9310, found 379.9314.

N-(2-Iodo-4-(trifluoromethyl)phenyl)benzamide: 322.7 mg (67%
yield, white solid, purified by SiO2 column chromatography eluting
5−10% EtOAc/hexane); mp 137.0−137.5 °C; IR (neat) νmax 3285,
1651, 1524, 1319, 1117, 706 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.66 (d, J = 8.4 Hz, 1H), 8.46 (br s, 1H), 8.059−8.055 (m, 1H),
7.99−7.96 (m, 2H), 7.68−7.52 (m, 4H); 13C{1H} NMR (75 MHz,
CDCl3) δ 165.4, 141.4, 135.7 (q, C−F, 3JC−F = 4 Hz), 134.0, 132.6,
129.1, 127.4 (q, C−F, 2JC−F = 33 Hz), 127.2, 126.6 (q, C−F, 3JC−F = 4
Hz), 122.9 (q, C−F, 1JC−F = 270 Hz), 120.7, 88.9; 19F NMR (376
MHz, CDCl3) δ − 65.4 (s); HRMS (ESI-TOF) m/z [M + H]+ calcd
for C14H10F3INO 391.9754, found 391.9745.

N-(4-Cyano-2-iodophenyl)benzamide: 355.1 mg (≥99% yield,
white solid, purified by SiO2 column chromatography eluting 10%
EtOAc/hexane); mp 147.2−148.0 °C; IR (neat) νmax 3264, 2925,
2233, 1718, 1655, 1508, 1305, 1114, 715 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.70 (d, J = 8.7 Hz, 1H), 8.52 (br s, 1H), 8.09 (d, J = 1.8
Hz, 1H), 7.98−7.95 (m, 2H), 7.69 (dd, J = 8.7, 1.8 Hz, 1H), 7.67−
7.61 (m, 1H), 7.58−7.53 (m, 2H); 13C{1H} NMR (75 MHz, CDCl3)
δ 165.3, 142.3, 142.0, 133.7, 133.4, 132.8, 129.2 127.2, 120.5, 117.1,
108.8, 88.6; HRMS (ESI-TOF) m/z [M + H]+ calcd for C14H10ON2I
348.9832, found 348.9825.

N-(2-Iodo-4-nitrophenyl)benzamide: 200.0 mg (45% yield, yellow
solid, purified by recrystallization from DCM/hexane mixture); mp
172.2−172.5 °C; IR (neat) νmax 3271, 3080, 1655, 1501, 712 cm−1;
1H NMR (400 MHz, CDCl3) δ 8.76 (d, J = 9.2 Hz, 1H), 8.69 (d, J =
2.0 Hz, 1H), 8.62 (br s, 1H), 8.29 (dd, J = 9.0, 2.0 Hz, 1H), 7.98 (d, J
= 8.0 Hz, 2H), 7.66−7.63 (m, 1H), 7.59−7.55 (m, 2H); 13C{1H}
NMR (100 MHz, CDCl3) δ 165.3, 143.9, 143.5, 134.2, 133.6, 132.9,
129.2, 127.3, 125.1, 119.6, 87.8; HRMS (ESI-TOF) m/z [M - H]−

calcd for C13H8O3N2I 366.9574, found 366.9582.
N-(2-Iodophenyl)-4-methylbenzamide: 384.0 mg (99% yield,

white solid, purified by SiO2 column chromatography eluting 5−
10% EtOAc/hexane); mp 122.1−122.9 °C; IR (neat) νmax 3230,
2921, 1650, 1522, 1304, 753 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.46 (dd, J = 8.4, 1.5 Hz, 1H), 8.27 (br s, 1H), 7.87 (d, J = 8.1 Hz,
2H), 7.81 (dd, J = 8.0, 1.5 Hz, 1H), 7.43−7.37 (m, 1H), 7.32 (d, J =
8.1 Hz, 2H), 6.87 (td, J = 7.5, 1.5 Hz, 1H), 2.44 (s, 3H); 13C{1H}
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NMR (75 MHz, CDCl3) δ 165.3, 142.8, 138.8, 138.4, 131.7, 129.6,
129.4, 127.2, 125.9, 121.7, 90.1, 21.5; HRMS (ESI-TOF) m/z [M +
Na]+ calcd for C14H12INNaO 359.9856, found 359.9855.
N-(2-Iodophenyl)-2-methoxybenzamide: 521.3 mg (95% yield,

white solid, purified by SiO2 column chromatography eluting 10−20%
EtOAc/hexane); mp 136.7−137.4 °C; IR (neat) νmax 3291, 2964,
1657, 1599, 1302, 742 cm−1; 1H NMR (300 MHz, CDCl3) δ 10.18
(br s, 1H), 8.50 (dd, J = 8.1, 1.5 Hz, 1H), 8.30 (dd, J = 7.8, 1.8 Hz,
1H), 7.81 (dd, J = 8.1, 1.5 Hz, 1H), 7.52−7.46 (m, 1H), 7.39−7.34
(m, 1H), 7.11 (td, J = 7.5, 0.9 Hz, 1H), 7.02 (d, J = 8.4 Hz, 1H), 6.83
(td, J = 7.5, 1.5 Hz, 1H), 4.08 (s, 3H); 13C{1H} NMR (75 MHz,
CDCl3) δ 163.4, 157.2, 139.8, 139.0, 133.4, 132.6, 128.9, 125.5, 122.8,
121.3, 111.4, 89.5, 56.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C14H13O2NI 353.9986, found 353.9971.
N-(2-Iodophenyl)-3-methoxybenzamide: 708.8 mg (66% yield,

white solid, purified by SiO2 column chromatography eluting 10−20%
EtOAc/hexane); mp 89.7−90.0 °C; IR (neat) νmax 3267, 2832, 1650,
1037, 757 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.45 (dd, J = 8.1, 1.5
Hz, 1H), 8.28 (br s, 1H), 7.82 (dd, J = 8.0, 1.2 Hz, 1H), 7.53−7.50
(m, 2H), 7.43−7.37 (m, 2H), 7.14−7.10 (m, 1H), 6.88 (td, J = 7.7,
1.5 Hz, 1H), 3.89 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.1,
160.1, 138.8, 138.3, 136.0, 129.9, 129.4, 126.0, 121.7, 118.8, 118.4,
112.5, 90.2, 55.5; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C14H13O2NI 353.9986, found 353.9982.
N-(2-Iodophenyl)-4-methoxybenzamide: 569.3 mg (97% yield,

white solid, purified by SiO2 column chromatography eluting 30−50%
EtOAc/hexane); mp 151.8−152.4 °C; IR (neat) νmax 3263, 2840,
1644, 1505, 1254, 1016, 750 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.44 (dd, J = 8.3, 1.5 Hz, 1H), 8.22 (br s, 1H), 7.96−6.98 (m, 2H),
7.80 (dd, J = 8.0, 1.2 Hz, 1H), 7.41−7.36 (m, 1H), 7.00 (dt, J = 9.0,
2.7 Hz, 2H), 6.89−6.83 (m, 1H), 3.88 (s, 3H); 13C{1H} NMR (75
MHz, CDCl3) δ 164.8, 162.7, 138.7, 138.4, 129.3, 129.0, 126.7, 125.7,
121.6, 114.1, 90.1, 55.5; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C14H12INNaO2 375.9805, found 375.9810.
N-(2-Iodophenyl)-3,4,5-trimethoxybenzamide: 411.8 mg (74%

yield, white solid, purified by SiO2 column chromatography eluting
5% EtOAc/DCM); mp 164.4−165.2 °C; IR (neat) νmax 3270, 2943,
1651, 1126, 760 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.45 (dd, J =
8.3, 1.2 Hz, 1H), 8.24 (br s, 1H), 7.82 (dd, J = 8.0, 1.5 Hz, 1H),
7.44−7.39 (m, 1H), 7.21 (s, 2H), 6.89 (td, J = 7.5, 1.5 Hz, 1H), 3.96
(s, 6H), 3.93 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.0,
153.4, 141.5, 138.8, 138.2, 129.9, 129.5, 126.0, 121.5, 104.6, 90.1,
61.0, 56.3; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C16H16INNaO4 436.0016, found 436.0021.
N-(2-Iodophenyl)-4-(trifluoromethoxy)benzamide: 638.5 mg

(≥99% yield, white solid, purified by SiO2 column chromatography
eluting 10% DCM/hexane); mp 119.2−119.5 °C; IR (neat) νmax
3269, 1648, 1528, 1266, 1166, 747 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.39 (dd, J = 8.3, 0.9 Hz, 1H), 8.25 (br s, 1H), 8.01 (d, J =
8.7 Hz, 2H), 7.81 (dd, J = 8.0, 0.9 Hz, 1H), 7.41 (d, J = 8.1 Hz, 1H),
7.35 (d, J = 8.7 Hz, 2H), 6.89 (td, J = 7.7, 1.2 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 163.9, 152.0, 138.8, 138.0, 132.9, 129.4,
129.1, 126.3, 121.9, 120.9, 120.3 (q, C−F, 1JC−F = 257 Hz), 90.4; 19F
NMR (376 MHz, CDCl3) δ − 60.9 (s); HRMS (ESI-TOF) m/z [M
+ H]+ calcd for C14H10F3INO2 407.9703, found 407.9697.
4-Fluoro-N-(2-iodophenyl)benzamide: 564.9 mg (>99% yield,

white solid, purified by SiO2 column chromatography eluting 2−5%
EtOAc/hexane); mp 135.9−136.6 °C; IR (neat) νmax 3268, 1913,
1649, 1501, 747 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.40 (dd, J =
8.3, 1.2 Hz, 1H), 8.21 (br s, 1H), 8.01−7.95 (m, 2H), 7.81 (dd, J =
8.0, 1.5 Hz, 1H), 7.42−7.36 (m, 1H), 7.23−7.16 (m, 2H), 6.91−6.86
(m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.1 (d, C−F, 1JC−F =
252 Hz), 164.2, 138.8, 138.1, 130.7 (d, C−F, 3JC−F = 3 Hz), 129.5 (d,
C−F, 3JC−F = 9 Hz), 129.4, 126.1, 121.8, 116.0 (d, C−F, 2JC−F = 23
Hz), 90.3; 19F NMR (376 MHz, CDCl3) δ − 110.0 to −110.1 (m);
HRMS (ESI-TOF) m/z [M + H]+ calcd for C13H10FINO 341.9786,
found 341.9782.
2-Bromo-N-(2-iodophenyl)benzamide: 560.9 mg (96% yield,

white solid, purified by SiO2 column chromatography eluting 2−
10% EtOAc/hexane); mp 158.4−159.4 °C; IR (neat) νmax 3249,

3023, 1655, 1518, 1306, 748 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.39 (d, J = 7.8 Hz, 1H), 7.94 (br s, 1H), 7.81 (dd, J = 8.0, 1.5 Hz,
1H), 7.66 (d, J = 7.8 Hz, 2H), 7.45−7.31 (m, 3H), 6.90 (td, J = 8.1,
1.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.6, 139.0, 138.0,
137.5, 133.7, 131.8, 129.4, 129.3, 127.7, 126.5, 122.3, 119.4, 90.2;
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C13H9

79BrINNaO
423.8804, found 423.8797.

4-Bromo-2-fluoro-N-(2-iodophenyl)benzamide: 704.6 mg (≥99%
yield, white solid, purified by SiO2 column chromatography eluting
2−5% EtOAc/hexane); mp 119.5−119.9 °C; IR (neat) νmax 3392,
3072, 1677, 1526, 1431, 1301, 901, 740 cm−1; 1H NMR (300 MHz,
CDCl3) δ, 8.75 (d, J = 14.1 Hz, 1H), 8.38 (dd, J = 8.4, 1.2 Hz, 1H),
8.08 (t, J = 8.4 Hz, 1H), 7.84 (dd, J = 8.0, 1.5 Hz, 1H), 7.50−7.37 (m,
3H), 6.90 (td, J = 7.8, 1.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3)
δ 160.5 (d, C−F, 3JC−F = 4 Hz), 159.9 (d, C−F, 1JC−F = 251 Hz),
139.1, 138.5, 133.5 (d, C−F, 3JC−F = 3 Hz), 129.2, 128.7 (d, C−F,
3JC−F = 3 Hz), 127.3 (d, C−F, 3JC−F = 10 Hz), 126.5, 122.8, 120.2,
119.9 (d, C−F, 2JC−F = 28 Hz), 90.2; HRMS (ESI-TOF) m/z [M +
H]+ calcd for C13H9

79BrFINO 419.8891, found 419.8881.
4-Cyano-N-(2-iodophenyl)benzamide: 519.1 mg (98% yield,

white solid, purified by SiO2 column chromatography eluting 50%
DCM/hexane); mp 154.1−154.4 °C; IR (neat) νmax 3248, 3058,
2230, 1661, 1524, 1308, 747 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.32−8.29 (m, 2H), 8.04 (d, J = 8.4 Hz, 2H), 7.82−7.77 (m, 3H),
7.39 (t, J = 8.1 Hz, 1H), 6.92 (td, J = 7.7, 1.2 Hz, 1H); 13C{1H} NMR
(75 MHz, CDCl3) δ 163.4, 138.8, 138.1, 137.5, 132.6, 129.3, 127.7
126.7, 122.2, 117.7, 115.5, 90.8; 19F NMR (376 MHz, CDCl3) δ −
112.0 to −112.1 (m); HRMS (ESI-TOF) m/z [M + H]+ calcd for
C14H10 IN2O 348.9832, found 348.9836.

N-(2-Iodophenyl)-4-nitrobenzamide: 373.9 mg (40% yield, white
solid, purified by SiO2 column chromatography eluting 30−50%
DCM/hexane); mp 148.3−148.6 °C; IR (neat) νmax 3284, 2931,
1655, 1344, 776 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.42−8.37 (m,
3H), 8.29 (br s, 1H), 8.15−8.12 (m, 2H), 7.85 (dd, J = 8.1, 1.2 Hz,
1H), 7.46−7.41 (m, 1H), 6.97−6.92 (m, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 163.2, 150.0, 140.0, 138.9, 137.6, 129.6, 128.4, 126.8,
124.2, 122.0, 90.5; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C13H10O3N2I 368.9731, found 368.9731.

N-(2-Iodophenyl)cyclohexanecarboxamide: 599.9 mg (≥99%
yield, white solid, purified by SiO2 column chromatography eluting
5% EtOAc/hexane); mp 135.7−136.2 °C; IR (neat) νmax 3266, 2925,
2852, 1709, 1655, 1524, 1017, 747 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.24 (d, J = 7.8 Hz, 1H), 7.76 (dd, J = 8.0, 1.5 Hz, 1H),
7.52 (br s, 1H), 7.35−7.30 (m, 1H), 6.82 (td, J = 7.7, 1.5 Hz, 1H),
2.32 (tt, J = 11.4, 3.6 Hz, 1H), 2.07−2.02 (m, 2H), 1.89−1.84 (m,
2H), 1.74−1.71 (m, 1H), 1.56 (qd, J = 12.0, 3.0 Hz, 2H), 1.43−1.19
(m, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 174.2, 138.6, 138.2,
129.2, 125.7, 122.0, 90.0, 46.5, 29.7, 25.7, 25.6; HRMS (ESI-TOF)
m/z [M + Na]+ calcd for C13H16INNaO 352.0169, found 352.0168.

N-(2-Iodophenyl)pivalamide: 598.2 mg (76% yield, white solid,
purified by SiO2 column chromatography eluting 0−2% EtOAc/
hexane); mp 65.6−66.9 °C; IR (neat) νmax 3264, 2964, 1637, 1468,
739 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.27 (dd, J = 8.1, 1.5 Hz,
1H), 7.80 (br s, 1H), 7.75 (dd, J = 8.0, 1.5 Hz, 1H), 7.35−7.29 (m,
1H), 6.81 (td, J = 7.5, 1.5 Hz, 1H), 1.36 (s, 9H); 13C{1H} NMR (75
MHz, CDCl3) δ 176.6, 138.5, 138.2, 129.1, 125.6, 121.6, 90.1, 40.0,
27.6; HRMS (ESI-TOF) m/z [M + H]+ calcd for C11H15INO
304.0193, found 304.0182.

1-Phenylbut-3-yn-1-ol: 548.4 mg (70% yield, pale yellow oil,
purified by SiO2 column chromatography eluting 5−20% EtOAc/
hexane); IR (neat) νmax 3386, 3293, 3032, 1953, 1455, 1047, 756, 700
cm−1; 1H NMR (300 MHz, CDCl3) δ 7.39−7.24 (m, 5H), 4.83 (t, J =
6.3 Hz, 1H), 2.62 (dd, J = 3.2, 0.4 Hz, 1H), 2.60 (dd, J = 3.2, 0.4 Hz,
1H), 2.05 (td, J = 2.7, 0.3 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3)
δ 142.4, 128.4, 127.9, 125.7, 80.7, 72.2, 70.9, 29.3; HRMS (ESI-TOF)
m/z [M + Na]+ calcd for C10H10NaO 169.0624, found 169.0625.

1-(4-Methoxyphenyl)but-3-yn-1-ol: 736.5 mg (84% yield, white
solid, purified by SiO2 column chromatography eluting 10−20%
EtOAc/hexane); mp 38.8−39.1 °C; IR (neat) νmax 3407, 3289, 2838,
2120, 1513, 1244, 1031, 831 cm−1; 1H NMR (400 MHz, CDCl3) δ
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7.34−7.31 (m, 2H), 6.92−6.88 (m, 2H), 4.86−4.82 (m, 1H), 3.81 (s,
3H), 2.65−2.62 (m, 2H), 2.34 (d, J = 3.2 Hz, 1H), 2.07 (t, J = 2.8 Hz,
1H); 13C{1H} NMR (100 MHz, CDCl3) δ 159.3, 134.6, 127.0, 113.8,
80.8, 72.0, 70.8, 55.3, 29.4; HRMS (ESI-TOF) m/z [M + Na]+ calcd
for C11H12NaO2 199.0730, found 199.0731.
Ethyl 2-Benzoylpent-4-ynoate: 402.1 mg (64% yield, colorless oil,

purified by SiO2 column chromatography eluting 2−5% EtOAc/
hexane); IR (neat) νmax 3293, 2983, 1735, 1685, 1234, 688 cm−1; 1H
NMR (400 MHz, CDCl3) δ 8.05−8.03 (m, 2H), 7.62−7.59 (m, 1H),
7.51−7.47 (m, 2H), 4.58 (t, J = 7.6 Hz, 1H), 4.16 (qd, J = 7.2, 1.2 Hz,
2H), 2.94 (ddd, J = 17.2, 9.4, 2.8 Hz, 1H), 2.85 (ddd, J = 17.0, 7.0, 2.4
Hz, 1H), 2.00 (t, J = 2.4 Hz, 1H), 1.17 (t, J = 7.2 Hz, 3H); 13C{1H}
NMR (100 MHz, CDCl3) δ 193.2, 168.1, 135.7, 133.7, 128.7, 128.6,
80.4, 70.3, 61.7, 53.0, 18.2, 13.8; HRMS (ESI-TOF) m/z [M + Na]+

calcd for C14H14NaO3 253.0835, found 253.0841.
1-Phenylpent-4-yn-1-one: 103.0 mg (43% yield, white crystal,

purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 66.0−66.5 °C; IR (neat) νmax 3268, 1678, 1205, 741, 685 cm−1;
1H NMR (400 MHz, CDCl3) δ 7.98−7.96 (m, 2H), 7.60−7.56 (m,
1H), 7.49−7.46 (m, 2H), 3.25 (t, J = 7.2 Hz, 2H), 2.64 (td, J = 7.6,
2.8 Hz, 2H), 1.99 (t, J = 2.4 Hz, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 197.6, 136.4, 133.3, 128.6, 128.0, 83.3, 68.7, 37.5, 13.2;
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C11H10NaO 181.0624,
found 181.0630.
1-Phenylpent-4-yn-1-ol: 84.3 mg (89% yield, colorless oil, purified

by SiO2 column chromatography eluting 5% EtOAc/hexane); IR
(neat) νmax 3381, 3295, 2924, 2115, 1454, 1060, 763, 700 cm−1; 1H
NMR (400 MHz, CDCl3) δ 7.35−7.31 (m, 4H), 7.29−7.23 (m, 1H),
4.78 (dd, J = 8.0, 5.2 Hz, 1H), 2.47 (br s, 1H), 2.34−2.15 (m, 2H),
1.99−1.97 (m, 1H), 1.96−1.92 (m, 1H), 1.90−1.81 (m, 1H);
13C{1H} NMR (100 MHz, CDCl3) δ 143.9, 128.4, 127.6, 125.7, 83.9,
72.9, 68.9, 37.3, 15.0; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C11H12NaO 183.0780, found 183.0781.
4-(2-Aminophenyl)but-3-yn-1-ol: 694.1 mg (82% yield, brown oil,

purified by SiO2 column chromatography eluting 10−40% EtOAc/
hexane); IR (neat) νmax 3346, 2884, 1612, 1491, 1041, 746 cm−1; 1H
NMR (300 MHz, CDCl3) δ 7.23 (d, J = 7.6 Hz, 1H), 7.05 (t, J = 7.6
Hz, 1H), 6.66−6.62 (m, 2H), 4.22 (br s, 2H), 3.73 (t, J = 6.0 Hz,
2H), 2.64 (t, J = 6.4 Hz, 2H); 13C{1H} NMR (75 MHz, CDCl3) δ
147.6, 131.8, 129.0, 117.8, 114.3, 108.3, 92.3, 78.4, 60.8, 23.6; HRMS
(ESI-TOF) m/z [M + H]+ calcd for C10H12ON 162.0913, found
162.0911.
4-(2-Amino-5-fluorophenyl)but-3-yn-1-ol: 218.2 mg (91% yield,

yellow solid, purified by SiO2 column chromatography eluting 50%
EtOAc/hexane); mp 81.5−82.0 °C; IR (neat) νmax 3379, 3172, 2867,
2224, 1495, 863 cm−1; 1H NMR (300 MHz, CDCl3) δ 6.95 (dd, J =
9.0, 2.7 Hz, 1H), 6.82 (td, J = 8.6, 3.0 Hz, 1H), 6.61 (dd, J = 9.0, 4.8
Hz, 1H), 4.06 (br s, 2H), 3.82 (t, J = 6.3 Hz, 2H), 2.36 (br s, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 155.2 (d, C−F, 1JC−F = 234 Hz),
144.2, 117.8, (d, C−F, 2JC−F = 23 Hz), 116.3 (d, C−F, 2JC−F = 23
Hz), 115.3 (d, C−F, 3JC−F = 8 Hz), 109.1 (d, C−F, 3JC−F = 9 Hz),
92.9, 78.1 (d, C−F, 3JC−F = 3 Hz), 61.0, 23.9; HRMS (ESI-TOF) m/z
[M + H]+ calcd for C10H11ONF 180.0819, found 180.0821.
N-(2-(3-Hydroxyprop-1-yn-1-yl)phenyl)benzamide: 90.2 mg

(57% yield, yellow solid, purified by SiO2 column chromatography
eluting 20−30% EtOAc/hexane); mp 92.1−92.7 °C; IR (neat) νmax
3392, 2924, 1663, 1524, 1450, 756 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.76 (br s, 1H), 8.52 (d, J = 8.4 Hz, 1H), 7.90−7.88 (m,
2H), 7.52−7.40 (m, 3H), 7.37−7.32 (m, 2H), 7.06−7.01 (m, 1H),
4.55 (s, 2H), 2.78 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.3, 139.1, 134.4, 132.0, 131.6, 129.9, 128.8, 127.0, 123.5, 119.3,
111.8, 95.4, 80.8, 51.4; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C16H13NNaO2 274.0839, found 274.0833.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)benzamide (1a): 805.3 mg

(89% yield, brown solid, purified by SiO2 column chromatography
eluting 5−30% EtOAc/hexane); mp 77.1−78.1 °C; IR (neat) νmax
3388, 2882, 1662, 1521, 755, 705 cm−1; 1H NMR (300 MHz, CDCl3)
δ 8.84 (br s, 1H), 8.53 (d, J = 8.4 Hz, 1H), 7.94−7.91 (m, 2H), 7.56−
7.44 (m, 3H), 7.40 (dd, J = 7.7, 1.5 Hz, 1H), 7.34 (td, J = 7.7, 1.5 Hz,
1H), 7.04 (td, J = 7.5, 1.2 Hz, 1H), 3.85 (t, J = 6.3 Hz, 1H), 2.77 (t, J

= 6.0 Hz, 2H), 2.27 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.3, 139.1, 134.7, 131.9, 131.6, 129.3, 128.8, 127.1, 123.4, 119.2,
112.6, 94.7, 77.5, 60.9, 23.8; HRMS (ESI-TOF) m/z [M + H]+ calcd
for C17H16NO2 266.1176, found 266.1173.

N-(2-(4-Hydroxybut-1-yn-1-yl)-4-methylphenyl)benzamide (1b):
297.2 mg (≥99% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 119.7−120.2 °C;
IR (neat) νmax 3390, 2920, 1659, 1519, 705, 577 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.76 (br s, 1H), 8.34 (d, J = 8.4 Hz, 1H), 7.84 (dd, J
= 8.0, 1.2 Hz, 2H), 7.49−7.38 (m, 3H), 7.17 (s, 1H), 7.09 (d, J = 8.4
Hz, 1H), 3.80 (t, J = 6.0 Hz, 2H), 3.02 (br s, 1H), 2.24 (s, 3H);
13C{1H} NMR (75 MHz, CDCl3) δ 165.1, 136.5 134.5, 133.0, 131.8,
131.7, 129.8, 128.6, 126.9, 119.1, 112.7, 94.4, 77.4, 60.8, 23.7, 20.5;
HRMS (ESI-TOF) m/z [M - H]− calcd for C18H16NO2 278.1176,
found 278.1186.

N-(5-Fluoro-2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1c):
78.2 mg (≥99% yield, white solid, purified by SiO2 column
chromatography eluting 50% EtOAc/hexane); mp 103.9−104.2 °C;
IR (neat) νmax 3394, 2947, 1671, 1527, 701 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.89 (br s, 1H), 8.37 (dd, J = 11.2, 2.4 Hz, 1H), 7.91
(d, J = 7.6 Hz, 2H), 7.55−7.52 (m, 1H), 7.49−7.45 (m, 2H), 7.37−
7.33 (m, 1H), 6.74 (td, J = 18.4, 2.4 Hz, 1H), 3.86 (t, J = 6.0 Hz, 2H),
2.77 (t, J = 6.0 Hz, 2H), 2.29 (br s, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 165.3, 162.6 (d, C−F, 1JC−F = 246 Hz), 140.6 (d, C−F,
3JC−F = 12 Hz), 134.3, 132.7 (d, C−F, 3JC−F = 10 Hz), 132.2, 128.8,
127.1, 110.5 (d, C−F, 2JC−F = 23 Hz), 108.3 (d, C−F, 3JC−F = 3 Hz),
106.8 (d, C−F, 2JC−F = 29 Hz), 94.6, 76.6, 60.9, 23.8; 19F NMR (376
MHz, CDCl3) δ − 110.58 to −110.65 (m); HRMS (ESI-TOF) m/z
[M - H]− calcd for C17H13O2NF 282.0925, found 282.0935.

N-(4-Fluoro-2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1d):
461.9 mg (≥99% yield, beige solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 94.9−95.3
°C; IR (neat) νmax 3399, 1719, 1523, 1270, 709 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.74 (br s, 1H), 8.51 (dd, J = 9.0, 5.1 Hz, 1H), 7.93
(d, J = 6.9 Hz, 2H), 7.58−7.46 (m, 3H), 7.13−7.03 (m, 2H), 3.86 (t,
J = 6.0 Hz, 2H), 2.78 (t, J = 6.3 Hz, 2H), 1.86 (br s, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.2, 158.2 (d, C−F, 1JC−F = 242 Hz),
135.6 (d, C−F, 3JC−F = 2 Hz), 134.7, 132.0, 128.8 127.1, 120.9 (d, C−
F, 3JC−F = 8 Hz), 118.0 (d, C−F, 2JC−F = 24 Hz), 116.3 (d, C−F, 2JC−F
= 22 Hz), 114.2 (d, C−F, 3JC−F = 9 Hz), 95.7, 76.8 (d, C−F, 3JC−F = 2
Hz), 60.8, 23.8; 19F NMR (376 MHz, CDCl3) δ − 121.69 to −121.73
(m); HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H15O2NF
284.1081, found 284.1072.

N-(5-Chloro-2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1e):
260.6 mg (≥99% yield, pale orange solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 116.8−117.3
°C; IR (neat) νmax 3433, 3388, 2880, 2220, 1671, 1570, 701 cm

−1; 1H
NMR (300 MHz, CDCl3) δ 8.83 (br s, 1H), 8.64 (d, J = 2.1 Hz, 1H),
7.92−7.89 (m, 2H), 7.57−7.44 (m, 3H), 7.30 (d, J = 8.4 Hz, 1H),
7.00 (dd, J = 8.4, 2.1 Hz, 1H), 3.89−3.84 (m, 2H), 2.78 (t, J = 6.3 Hz,
2H), 2.18−2.14 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2,
140.0, 135.1, 134.3, 132.22, 132.21, 128.8, 127.1, 123.6, 119.2, 110.9
95.8, 76.6, 60.8 23.8; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C17H14

35ClNNaO2 322.0605, found 322.0597.
N-(4-Chloro-2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1f):

221.4 mg (≥99% yield, white solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 116.8−117.3
°C; IR (neat) νmax 3392, 2943, 1663, 1516, 1403, 1310, 703 cm

−1; 1H
NMR (300 MHz, CDCl3) δ 8.78 (br s, 1H), 8.46 (d, J = 9.0 Hz, 1H),
7.89 (d, J = 7.2 Hz, 2H), 7.54−7.42 (m, 3H), 7.34 (d, J = 2.4 Hz,
1H), 7.28−7.24 (m, 1H), 3.85−3.83 (m, 2H), 2.76 (t, J = 6.0 Hz,
2H), 2.49 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2,
137.7, 134.3, 132.1, 131.1, 129.2, 128.8, 128.3, 127.1, 120.3, 114.2,
96.2, 76.3, 60.7, 23.8; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H15

35ClNO2 300.0786, found 300.0790.
N-(2-(4-Hydroxybut-1-yn-1-yl)-4-(trifluoromethyl)phenyl)-

benzamide (1g): 237.9 mg (98% yield, yellow solid, purified by SiO2
column chromatography eluting 30% EtOAc/hexane); mp 87.7−88.4
°C; IR (neat) νmax 3387, 2941, 2227, 1675, 1527, 1333, 1121, 706
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.97 (br s, 1H), 8.68 (d, J = 8.7
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Hz, 1H), 7.94−7.91 (m, 2H), 7.65 (s, 1H), 7.57−7.45 (m, 4H), 3.88
(t, J = 6.0 Hz, 2H), 2.79 (t, J = 6.0 Hz, 2H), 2.28 (br s, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.5, 141.8, 134.1, 132.4, 128.9, 128.6 (q,
C−F, 3JC−F = 4 Hz), 127.2, 126.1 (q, C−F, 3JC−F = 4 Hz), 125.4 (q,
C−F, 2JC−F = 33 Hz), 123.7 (q, C−F, 1JC−F = 270 Hz), 118.9, 112.9,
96.5, 76.2, 60.7, 23.8; 19F NMR (376 MHz, CDCl3) δ − 65.5 (s);
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C18H14F3NNaO2
356.0869, found 356.0867.
N-(4-Cyano-2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1h):

263.8 mg (≥99% yield, white solid, purified by SiO2 column
chromatography eluting 50−70% DCM/hexane); mp 159.2−159.9
°C; IR (neat) νmax 3488, 3382, 2946, 2229, 1673, 1518, 700 cm

−1; 1H
NMR (300 MHz, CDCl3) δ 9.04 (br s, 1H), 8.74 (d, J = 8.7 Hz, 1H),
7.98−7.94 (m, 2H), 7.68 (d, J = 1.7 Hz, 1H), 7.63−7.57 (m, 2H),
7.54−7.49 (m, 2H), 3.89 (q, J = 6.0 Hz, 2H), 2.82 (t, J = 6.1 Hz, 2H),
1.88 (t, J = 5.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.5,
142.8, 135.2, 134.0, 133.0, 132.6, 129.0, 127.3, 119.2, 118.2, 113.4,
106.6, 97.4, 75.5, 60.7, 23.7; HRMS (ESI-TOF) m/z [M + Na]+ calcd
for C18H14N2NaO2 313.0948, found 313.0948.
N-(2-(4-Hydroxybut-1-yn-1-yl)-4-nitrophenyl)benzamide (1i):

117.2 mg (70% yield, white solid, purified by SiO2 column
chromatography eluting 20−50% EtOAc/hexane); mp 140.9−141.4
°C; IR (neat) νmax 3397, 2908, 2227, 1691, 1246, 701 cm

−1; 1H NMR
(300 MHz, DMSO-d6) δ 9.83 (br s, 1H), 8.41−8.37 (m, 1H), 8.37−
8.26 (m, 2H), 8.02 (d, J = 7.5 Hz, 2H), 7.67−7.64 (m, 1H), 7.60−
7.55 (m, 2H), 5.06 (t, J = 5.4 Hz, 1H), 3.64 (q, J = 6.3 Hz, 2H), 2.69
(t, J = 6.6 Hz, 2H); 13C{1H} NMR (75 MHz, DMSO-d6) δ 165.2,
144.5, 143.0, 133.4, 132.6, 128.9, 127.7, 126.8, 124.2, 121.6, 115.9,
98.4, 75.3 59.3, 23.6; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H15O4N2 311.1026, found 311.1025.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-4-methylbenzamide (1j):

311.0 mg (≥99% yield, beige solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 100.8−101.6 °C;
IR (neat) νmax 3391, 2879, 1661, 1525, 1448, 1308, 755 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.81 (br s, 1H), 8.54 (d, J = 8.4 Hz, 1H),
7.83 (d, J = 8.4 Hz, 2H), 7.40 (dd, J = 7.8, 1.2 Hz, 1H), 7.37−7.32
(m, 1H), 7.28 (d, J = 9.0 Hz, 2H), 7.04 (td, J = 7.7, 1.2 Hz, 1H), 3.86
(t, J = 6.0 Hz, 2H), 2.79 (t, J = 6.3 Hz, 2H), 2.40 (s, 3H), 2.11 (br s,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2, 142.5, 139.3, 132.0,
131.6, 129.5, 129.3, 127.1, 123.3, 119.1, 112.5, 94.6, 77.7, 61.0, 23.9,
21.4; HRMS (ESI-TOF) m/z [M + Na]+ calcd for C18H17NNaO2
302.1152, found 302.1149.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-2-methoxybenzamide

(1k): 412.9 mg (≥99% yield, pale yellow oil, purified by SiO2 column
chromatography eluting 30−50% EtOAc/hexane); IR (neat) νmax
3315, 2932, 1650, 1527, 1040, 755 cm−1; 1H NMR (300 MHz,
CDCl3) δ 10.32 (br s, 1H), 8.55 (d, J = 8.1 Hz, 1H), 8.23 (dd, J = 7.8,
1.8 Hz, 1H), 7.50−7.39 (m, 2H), 7.35−7.29 (m, 1H), 7.13−7.08 (m,
1H), 7.04−6.99 (m, 2H), 4.00 (s, 3H), 3.81 (t, J = 6.4 Hz, 2H), 2.75
(t, J = 6.4 Hz, 2H), 2.60 (br s, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 163.5, 157.3, 139.6, 133.3, 132.4, 132.3, 129.0, 123.3, 122.0,
121.6, 120.5, 113.1, 111.9, 92.7, 61.0, 56.3, 24.1; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C18H18O3N 296.1281, found 296.1279.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-3-methoxybenzamide

(1l): 368.4 mg (58% yield, orange solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 109.0−109.4 °C;
IR (neat) νmax 3441, 2943, 2233, 1656, 1577, 750 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.84 (br s, 1H), 8.51−8.46 (m, 1H), 7.47−7.44
(m, 2H), 7.38−7.26 (m, 3H), 7.05−6.99 (m, 2H), 3.83−3.81 (m,
5H), 2.91 (br s, 1H), 2.77−2.72 (m, 2H); 13C{1H} NMR (75 MHz,
CDCl3) δ 165.0, 159.7, 138.9, 135.95, 135.89, 131.4, 129.7, 129.0,
123.4, 119.0, 118.8, 117.6, 112.7, 95.0, 77.2, 60.7, 55.3, 23.6; HRMS
(ESI-TOF) m/z [M + H]+ calcd for C18H18O3N 296.1281, found
296.1280.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-4-methoxybenzamide

(1m): 411.8 mg (96% yield, white solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 178.5−179.0
°C; IR (neat) νmax 3428, 2958, 2231, 1611, 1024, 757, 608 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.77 (br s, 1H), 8.53 (d, J = 8.3 Hz, 1H),
7.91 (d, J = 8.8 Hz, 2H), 7.41−7.32 (m, 2H), 7.03 (t, J = 7.2 Hz, 1H),

6.96 (d, J = 8.8 Hz, 2H), 3.89−3.86 (m, 5H), 2.80 (t, J = 6.1 Hz, 2H),
2.07 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 164.8, 162.6,
139.4, 131.6, 129.3, 129.0, 127.0, 123.2, 119.1, 114.0, 112.4, 94.6,
77.7, 61.0, 55.4, 23.9; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C18H18O3N 296.1281, found 296.1282.

N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-3,4,5-trimethoxybenza-
mide (1n): 206.1 mg (73% yield, white solid, purified by SiO2 column
chromatography eluting 50% EtOAc/hexane); mp 126.9−127.7 °C;
IR (neat) νmax 3467, 2939, 1642, 1502, 1333, 1230, 753 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.73 (br s, 1H), 8.53 (d, J = 8.3 Hz, 1H),
7.43 (dd, J = 7.6, 1.2 Hz, 1H), 7.40−7.35 (m, 1H), 7.18 (s, 2H), 7.07
(td, J = 7.5, 0.9 Hz, 1H), 3.95 (s, 6H), 3.92 (s, 3H), 3.85 (t, J = 6.0
Hz, 2H), 2.77 (t, J = 6.0 Hz, 2H), 1.85 (br s, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.0, 153.4, 141.7, 139.2, 131.7, 130.3, 129.5, 123.5,
119.2, 112.4, 105.0, 94.5, 77.8, 61.0, 60.9, 56.6, 23.8; HRMS (ESI-
TOF) m/z [M + H]+ calcd for C20H22NO5 356.1493, found
356.1503.

N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-4-(trifluoromethoxy)-
benzamide (1o): 378.5 mg (≥99% yield, white solid, purified by SiO2
column chromatography eluting 20−30% EtOAc/hexane); mp 93.6−
94.1 °C; IR (neat) νmax 3389, 2928, 1665, 1505, 1252, 1054, 756
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.82 (br s, 1H), 8.52 (d, J = 8.4
Hz, 1H), 8.04−8.00 (m, 2H), 7.41 (td, J = 7.7, 1.5 Hz, 1H), 7.36−
7.30 (m, 3H), 7.07 (td, J = 7.7, 1.2 Hz, 1H), 3.87 (q, J = 6.0 Hz, 2H),
2.79 (t, J = 6.0 Hz, 2H), 1.95 (t, J = 5.4 Hz, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 163.9, 151.8, 138.9, 133.1, 131.6, 129.4, 129.1, 123.7,
120.7, 120.3 (q, C−F, 1JC−F = 257 Hz), 119.2, 112.7, 94.9, 77.5, 60.9,
23.9; 19F NMR (376 MHz, CDCl3) δ − 60.8 (s); HRMS (ESI-TOF)
m/z [M + Na]+ calcd for C18H14F3NNaO3 372.0818, found 372.0821.

4-Fluoro-N-(2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1p):
389.9 mg (87% yield, orange solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 100.3−100.6
°C; IR (neat) νmax 3437, 3390, 2916, 1655, 1501, 751, 583 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.78 (br s, 1H), 8.45 (d, J = 8.4 Hz,1H),
7.96−7.90 (m, 2H), 7.38 (dd, J = 7.7, 1.2 Hz, 1H), 7.34−7.28 (m,
1H), 7.14−7.07 (m, 2H), 7.02 (td, J = 7.7, 1.2 Hz, 1H), 3.83 (t, J =
6.0 Hz, 2H), 2.75 (t, J = 6.3 Hz, 2H), 2.62 (br s, 1H); 13C{1H} NMR
(75 MHz, CDCl3) δ 164.9 (d, C−F, 1JC−F = 251 Hz), 164.2, 138.9,
131.5, 130.7 (d, C−F, 3JC−F = 3 Hz), 129.5 (d, C−F, 3JC−F = 9 Hz),
129.2, 123.6, 119.2, 115.8 (d, C−F, 2JC−F = 22 Hz), 112.8, 95.0, 77.3,
60.8, 23.8; 19F NMR (376 MHz, CDCl3) δ − 110.4 to −110.5 (m);
HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H15O2NF 284.1081,
found 284.1082.

4-Chloro-N-(2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1q);
222.6 mg (68% yield, white solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 109.0−109.4
°C; IR (neat) νmax 3379, 2891, 1653, 1527, 752 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.79 (br s, 1H), 8.40 (d, J = 8.3 Hz, 1H), 7.82 (d, J =
8.5 Hz, 2H), 7.37−7.33 (m, 3H), 7.31−7.25 (m, 1H), 7.01 (td, J =
7.6, 0.8 Hz, 1H), 3.82 (t, J = 5.9 Hz, 2H), 2.96 (br s, 1H), 2.73 (t, J =
6.0 Hz, 2H); 13C{1H} NMR (75 MHz, CDCl3) δ 164.2, 138.6, 138.2,
132.7, 131.5, 129.1, 128.9, 128.5, 123.6, 119.1, 112.9, 95.2, 77.1, 60.7,
23.8; HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H15O2N

35Cl
300.0786, found 300.0788.

2-Bromo-N-(2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1r):
312.7 mg (98% yield, yellow oil, purified by SiO2 column
chromatography eluting 20−40% EtOAc/hexane); IR (neat) νmax
3369, 2936, 2234, 1667, 1518, 1310, 1041, 755 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.68 (br s, 1H), 8.44 (d, J = 8.4 Hz,1H), 7.61−7.56
(m, 2H), 7.39−7.21 (m, 4H), 7.03 (td, J = 7.5, 0.9 Hz, 1H), 3.64 (t, J
= 6.3 Hz, 2H), 2.93 (br s, 1H), 2.59 (t, J = 6.3 Hz, 2H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.5, 138.4, 137.4, 133.3, 131.5, 129.5,
128.8, 127.5, 123.8, 119.5, 119.0, 113.1, 94.7, 77.1, 60.4, 23.5; HRMS
(ESI-TOF) m/z [M + Na]+ calcd for C17H14

79BrNNaO2 366.0100,
found 366.0094.

4-Bromo-2-fluoro-N-(2-(4-hydroxybut-1-yn-1-yl)phenyl)-
benzamide (1s): 372.1 mg (≥99% yield, yellow solid, purified by SiO2
column chromatography eluting 30% EtOAc/hexane); mp 117.1−
118.2 °C; IR (neat) νmax 3454, 3389, 2888, 2224, 1678, 1579, 1537,
1314, 758 cm−1; 1H NMR (300 MHz, CDCl3) δ 9.31 (d, J = 15.0 Hz,
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1H), 8.53 (d, J = 8.4 Hz, 1H), 8.06 (t, J = 8.7 Hz, 1H), 7.45−7.30 (m,
4H), 7.04 (td, J = 7.8, 0.9 Hz, 1H), 3.87 (t, J = 6.3 Hz, 2H), 2.79 (t, J
= 6.3 Hz, 2H), 2.31 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
160.1 (d, C−F, 3JC−F = 4 Hz), 159.7 (d, C−F, 1JC−F = 250 Hz), 139.1,
133.4 (d, C−F, 3JC−F = 3 Hz), 131.7, 129.2, 128.6 (d, C−F, 3JC−F = 3
Hz), 127.0 (d, C−F, 3JC−F = 10 Hz), 123.8, 120.2 (d, C−F, 3JC−F = 12
Hz), 119.74, 119.66 (d, C−F, 2JC−F = 28 Hz), 112.9, 94.6, 77.2, 60.9,
23.9; 19F NMR (376 MHz, CDCl3) δ − 114.05 to −114.15 (m);
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C17H13

79BrFNNaO2
384.0006, found 383.9997.
4-Cyano-N-(2-(4-hydroxybut-1-yn-1-yl)phenyl)benzamide (1t):

349.4 mg (≥99% yield, pale yellow solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 134.6−135.3 °C;
IR (neat) νmax 3385, 2891, 2231, 1663, 1526, 1447, 760 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.90 (br s, 1H), 8.46 (d, J = 8.4 Hz, 1H),
8.06 (d, J = 8.4 Hz, 2H), 7.73 (d, J = 8.1 Hz, 2H), 7.41 (dd, J = 7.8,
1.2 Hz, 1H), 7.38−7.32 (m, 1H), 7.08 (td, J = 7.7, 0.9 Hz, 1H), 3.86
(q, J = 5.7 Hz, 2H), 2.78 (t, J = 6.0 Hz, 2H), 2.35 (t, J = 5.4 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 16.3.4, 138.5, 138.4, 132.5, 131.6,
129.3, 127.9, 124.1, 119.2, 117.9, 115.3, 112.9, 95.5, 77.1, 60.7, 23.8;
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C18H14N2NaO2
313.0948, found 313.0950.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)-4-nitrobenzamide (1u):

351.3 mg (≥99% yield, brown solid, analytically pure after aqueous
workup); mp 171.2−171.3 °C; IR (neat) νmax 3381, 2949, 1524,
1044, 759 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.93 (br s, 1H), 8.52
(d, J = 8.4 Hz, 1H), 8.34−8.31 (m, 2H), 8.16−8.13 (m, 1H), 7.44
(dd, J = 7.7, 1.5 Hz, 1H), 7.41−7.35 (m, 1H), 7.10 (td, J = 7.7, 0.9
Hz, 1H), 3.89 (t, J = 5.7 Hz, 2H), 2.80 (t, J = 6.0 Hz, 2H), 1.93 (br s,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 163.1, 149.8, 140.2, 138.6,
131.6, 129.4, 128.5, 124.2, 124.0, 119.3, 112.9, 95.4, 77.3, 60.9, 23.8;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H15O4N2 311.1026,
found 311.1017.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)cyclohexanecarboxamide

(1v): 323.7 mg (95% yield, pale yellow solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 92.6−93.2 °C;
IR (neat) νmax 3387, 2929, 2855, 1671, 1519, 1447, 1056, 755 cm−1;
1H NMR (300 MHz, CDCl3) δ 8.36 (d, J = 8.4 Hz, 1H), 8.17 (br s,
1H), 7.35 (dd, J = 7.7, 1.5 Hz, 1H), 7.30−7.24 (m, 1H), 6.98 (td, J =
7.8, 0.6 Hz, 1H), 3.85 (br s, 2H), 2.76 (t, J = 6.0 Hz, 2H), 2.59 (br s,
1H), 2.31 (tt, J = 11.7, 3.3 Hz, 1H), 2.02−1.97 (m, 2H), 1.85−1.80
(m, 2H), 1.71−1.68 (m, 1H), 1.52 (qd, J = 12.0, 2.7 Hz, 2H), 1.39−
1.16 (m, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 174.6, 139.2,
131.3, 129.1, 123.0, 119.2, 112.3, 94.3, 77.5, 60.9, 46.4, 29.6, 25.7,
25.6, 23.8; HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H22NO2
272.1645, found 272.1641.
N-(2-(4-Hydroxybut-1-yn-1-yl)phenyl)pivalamide (1w): 427.9 mg

(94% yield, brown oil, purified by SiO2 column chromatography
eluting 30% EtOAc/hexane); IR (neat) νmax 3400, 2961, 1669, 1519,
1447, 761, 753 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.40 (d, J = 8.4
Hz, 1H), 8.36 (br s, 1H), 7.38 (d, J = 7.8 Hz, 1H), 7.30 (t, J = 8.1 Hz,
1H), 7.00 (t, J = 7.5 Hz, 1H), 3.85 (t, J = 6.3 Hz, 2H), 2.78 (t, J = 6.3
Hz, 2H), 1.34 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 176.7,
139.2, 131.5, 129.3, 123.1, 119.0, 112.2, 94.0, 77.6, 61.0, 40.1, 27.6,
23.8; HRMS (ESI-TOF) m/z [M + Na]+ calcd for C15H19NNaO2
268.1308, found 268.1305.
N-(2-(4-Hydroxy-4-phenylbut-1-yn-1-yl)phenyl)benzamide (1x):

320.6 mg (55% yield, brown solid, purified by SiO2 column
chromatography eluting 5−20% EtOAc/hexane); mp 98.9−99.0 °C;
IR (neat) νmax 3386, 2925, 1676, 1521, 1449, 1308, 1057, 754, 698
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.78 (br s, 1H), 8.55 (d, J = 8.4
Hz, 1H), 7.89−7.85 (m, 2H), 7.56−7.22 (m, 10H), 7.04 (td, J = 7.7,
0.9 Hz, 1H), 4.97 (td, J = 6.0, 3.3 Hz, 1H), 2.95 (d, J = 6.3 Hz, 2H),
2.39 (d, J = 3.6 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.4,
142.7, 139.3, 134.8, 131.9, 131.6, 129.4, 128.7, 128.6, 128.2, 127.2,
125.6, 123.4, 119.2, 112.5, 94.1, 78.2, 72.6, 30.4; HRMS (ESI-TOF)
m/z [M + Na]+ calcd for C23H19NNaO2 364.1308, found 364.1313.
N-(2-(4-Hydroxy-4-(4-methoxyphenyl)but-1-yn-1-yl)phenyl)-

benzamide (1y): 377.4 mg (≥99% yield, brown solid, purified by
SiO2 column chromatography eluting 30% EtOAc/hexane); mp

93.5−94.0 °C; IR (neat) νmax 3386, 2906, 1662, 1513, 1246, 1033,
756, 706 cm−1; 1H NMR (400 MHz, CDCl3) δ 8.80 (br s, 1H), 8.55
(d, J = 8.4 Hz, 1H), 7.88−7.86 (m, 2H), 7.55−7.52 (m, 1H), 7.47−
7.44 (m, 2H), 7.41−7.38 (m, 1H), 7.37−7.33 (m, 1H), 7.32−7.30
(m, 2H), 7.04 (td, J = 7.4, 0.8 Hz, 1H), 6.85−6.83 (m, 2H), 4.93−
4.90 (m, 1H), 3.74 (s, 3H), 2.96 (dd, J = 16.8, 6.9 Hz, 1H), 2.91 (dd,
J = 16.8, 5.6 Hz, 1H), 2.34 (br d, J = 2.6 Hz, 1H); 13C{1H} NMR
(100 MHz, CDCl3) δ 165.3, 159.4, 139.3, 134.84, 134.78, 131.9,
131.6 129.3, 128.7, 127.2, 126.9, 123.4, 119.1, 113.9, 112.5, 94.3, 78.1,
72.3, 55.2, 30.4; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C24H21NNaO3 394.1414, found 394.1414.

N-(2-(5-Hydroxypent-1-yn-1-yl)phenyl)benzamide (5a): 267.4
mg (98% yield, orange solid, purified by SiO2 column chromatog-
raphy eluting 20−30% EtOAc/hexane); mp 81.5−82.0 °C; IR (neat)
νmax 3391, 2945, 2222, 1665, 1520, 754, 704 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.81 (br s, 1H), 8.51 (d, J = 8.4 Hz, 1H), 7.88 (d, J =
7.2 Hz, 2H), 7.52−7.43 (m, 3H), 7.36 (d, J = 7.6 Hz, 1H), 7.31 (t, J =
8.0 Hz, 1H), 7.01 (t, J = 7.2 Hz, 1H), 3.74 (t, J = 6.0 Hz, 2H), 2.61 (t,
J = 7.2 Hz, 2H), 2.56 (br s, 1H), 1.88−1.82 (m, 2H); 13C{1H} NMR
(100 MHz, CDCl3) δ 165.2, 138.8, 134.7, 131.9, 131.4, 128.9, 128.7,
126.8, 123.4, 118.9, 112.9, 97.5, 76.2, 61.0, 31.3, 16.0; HRMS (ESI-
TOF) m/z [M + Na]+ calcd for C18H17NNaO2 302.1152, found
302.1151.

N-(2-(5-Hydroxypent-1-yn-1-yl)-4-methylphenyl)benzamide
(5b): 233.0 mg (95% yield, yellow solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 79.9−80.5 °C; IR
(neat) νmax 3393, 2934, 2224, 1661, 1517, 1308, 704 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.73 (br s, 1H), 8.40 (d, J = 8.4 Hz, 1H), 7.89−
7.87 (m, 2H), 7.54−7.43 (m, 3H), 7.19 (br s, 1H), 7.13 (dd, J = 8.4,
1.5 Hz, 1H), 3.76 (t, J = 5.7 Hz, 2H), 2.63 (t, J = 7.2 Hz, 2H), 2.27 (s,
3H), 2.12−2.06 (m, 1H), 1.91−1.82 (m, 2H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.2, 136.6, 135.0, 133.1, 131.9, 129.8, 128.8, 127.0,
119.1, 112.9, 97.1, 76.5, 61.3, 31.5, 20.7, 16.1; HRMS (ESI-TOF) m/
z [M + Na]+ calcd for C19H19NNaO2 316.1308, found 316.1304.

N-(5-Chloro-2-(5-hydroxypent-1-yn-1-yl)phenyl)benzamide (5e):
190.1 mg (98% yield, white solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 103.8−105.1 °C;
IR (neat) νmax 3389, 2937, 2215, 1569, 1516, 1415, 705 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.81 (br s, 1H), 8.65 (d, J = 2.1 Hz, 1H),
7.90 (d, J = 6.9 Hz, 2H), 7.60−7.48 (m, 3H), 7.31 (d, J = 8.4 Hz,
1H), 7.02 (dd, J = 8.3, 2.1 Hz, 1H), 3.81−3.77 (m, 2H), 2.67 (t, J =
6.9 Hz, 2H), 1.94−1.85 (m, 2H), 1.57 (br s, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.2, 140.0, 134.9, 134.5, 132.2, 128.9, 127.0, 123.6,
119.2, 111.1, 98.3, 75.6, 61.4, 31.3, 16.2; HRMS (ESI-TOF) m/z [M
+ H]+ calcd for C18H17

35ClNO2 314.0942, found 314.0948.
N-(4-Chloro-2-(5-hydroxypent-1-yn-1-yl)phenyl)benzamide (5f):

352.5 mg (96% yield, white solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 88.7−88.3 °C;
IR (neat) νmax 3392, 2947, 2223, 1667, 1510, 1308, 822, 703 cm−1;
1H NMR (300 MHz, CDCl3) δ 8.75 (br s, 1H), 8.48 (d, J = 8.7 Hz,
1H), 7.87 (d, J = 6.9 Hz, 2H), 7.57−7.45 (m, 3H), 7.34−7.33 (m,
1H), 7.27 (dd, J = 9.0, 2.4 Hz, 1H), 3.76 (t, J = 5.7 Hz, 2H), 2.64 (t, J
= 7.2 Hz, 2H), 2.10 (br s, 1H), 1.91−1.82 (m, 2H); 13C{1H} NMR
(75 MHz, CDCl3) δ 165.1, 137.5, 134.5, 132.1, 131.0, 129.0, 128.8,
128.2, 126.9, 120.1, 114.4, 98.7, 75.2, 61.1, 31.2, 16.1; HRMS (ESI-
TOF) m/z [M + Na]+ calcd for C18H16

35ClNNaO2 336.0762, found
336.0761.

N-(2-(5-Hydroxypent-1-yn-1-yl)-4-(trifluoromethyl)phenyl)-
benzamide (5g): 161.9 mg (84% yield, white solid, purified by SiO2
column chromatography eluting 30% EtOAc/hexane); mp 108.5−
109.0 °C; IR (neat) νmax 3316, 2951, 2229, 1660, 1533, 1334, 1116,
707 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.94 (br s, 1H), 8.71 (d, J
= 8.7 Hz, 1H), 7.94−7.91 (m, 2H), 7.66 (br s, 1H), 7.62−7.50 (m,
4H), 3.81 (t, J = 5.4 Hz, 2H), 2.69 (t, J = 7.2 Hz, 2H), 1.96−1.87 (m,
2H), 1.48 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.4,
141.7, 134.5, 132.4, 129.0, 128.6 (q, C−F, 3JC−F = 4 Hz), 127.1, 126.0
(q, C−F, 3JC−F = 4 Hz), 125.6 (q, C−F, 1JC−F = 278 Hz), 125.4 (q,
C−F, 2JC−F = 33 Hz), 118.8, 113.1, 99.0, 75.3, 61.3, 31.2, 16.1; 19F
NMR (376 MHz, CDCl3) δ − 65.5 (s); HRMS (ESI-TOF) m/z [M
+ H]+ calcd for C19H17F3NO2 348.1206, found 348.1206.
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N-(2-(5-Hydroxypent-1-yn-1-yl)phenyl)-4-methoxybenzamide
(5m): 342.3 mg (93% yield, yellow solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 65.2−65.3 °C; IR
(neat) νmax 3394, 2935, 2220, 1660, 1505, 1247, 1028, 759 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.73 (br s, 1H), 8.49 (d, J = 8.4 Hz, 1H),
7.85−7.82 (m, 2H), 7.37−7.28 (m, 2H), 7.00 (t, J = 7.8 Hz, 1H),
6.95−6.92 (m, 2H), 3.79 (s, 3H), 3.77−3.75 (m, 2H), 2.64 (t, J = 7.2
Hz, 2H), 2.52 (br s, 1H), 1.92−1.83 (m, 2H); 13C{1H} NMR (75
MHz, CDCl3) δ 164.8, 162.5, 139.0, 131.4, 128.9, 128.8, 126.8, 123.1,
118.9, 113.9, 112.7, 97.3, 76.3, 61.1, 55.3, 31.3, 16.0; HRMS (ESI-
TOF) m/z [M + Na]+ calcd for C19H19NNaO3 332.1257, found
332.1257.
4-Cyano-N-(2-(5-hydroxypent-1-yn-1-yl)phenyl)benzamide (5t):

245.0 mg (93% yield, beige solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 109.1−109.6 °C;
IR (neat) νmax 3401, 2934, 2229, 1653, 1532, 1449, 756 cm−1; 1H
NMR (400 MHz, CDCl3) δ 8.83 (br s, 1H), 8.50 (d, J = 8.4 Hz, 1H),
8.03 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.42 (d, J = 7.6 Hz,
1H), 7.37 (t, J = 7.6 Hz, 1H), 7.09 (t, J = 7.6 Hz, 1H), 3.81 (q, J = 5.6
Hz, 2H), 2.68 (t, J = 6.8 Hz, 2H), 1.92−1.86 (m, 2H), 1.61 (br s,
1H); 13C{1H} NMR (100 MHz, CDCl3) δ 163.3, 138.7, 138.4, 132.7
131.7, 129.2, 127.7, 124.1, 119.2, 117.9, 115.5, 113.1, 97.8, 76.3, 61.4,
31.3, 16.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for C19H17N2O2
305.1285, found 305.1282.
N-(2-(5-Hydroxypent-1-yn-1-yl)phenyl)cyclohexanecarboxamide

(5v): 263.8 mg (97% yield, white solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 99.9−100.2 °C; IR
(neat) νmax 3293, 2928, 1655, 1521, 1446, 754 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.39 (d, J = 8.4 Hz, 1H), 8.09 (br s, 1H), 7.35 (d, J =
7.6 Hz, 1H), 7.30−7.27 (m, 1H), 6.99 (t, J = 7.6 Hz, 1H), 3.86−3.85
(m, 2H), 2.66 (t, J = 7.2 Hz, 2H), 2.31 (tt, J = 11.6, 3.2 Hz, 1H), 2.02
(d, J = 12.4 Hz, 2H), 1.94−1.83 (m, 4H), 1.73−1.64 (m, 2H), 1.54
(qd, J = 12.0, 3.0 Hz, 2H), 1.39−1.21 (m, 3H); 13C{1H} NMR (100
MHz, CDCl3) δ 174.2, 139.1, 131.5, 129.0, 123.0, 119.1, 112.4, 96.4,
76.5, 61.6, 46.6, 31.4, 29.7, 25.73, 25.63, 16.2; HRMS (ESI-TOF) m/
z [M + H]+ calcd for C18H24NO2 286.1802, found 286.1800.
N-(2-(5-Hydroxy-5-phenylpent-1-yn-1-yl)phenyl)benzamide

(5x): 132.5 mg (67% yield, brown solid, purified by SiO2 column
chromatography eluting 20% EtOAc/hexane); mp 92.4−93.2 °C; IR
(neat) νmax 3390, 3062, 1665, 1521, 1310, 755, 699 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.82 (br s, 1H), 8.54 (d, J = 8.4 Hz, 1H), 7.88−
7.86 (m, 2H), 7.51−7.47 (m, 1H), 7.41−7.39 (m, 2H), 7.37−7.36
(m, 1H), 7.34−7.25 (m, 6H), 7.05 (t, J = 7.6 Hz, 1H), 4.83 (dd, J =
8.0, 4.8 Hz, 1H), 2.72−2.56 (m, 2H), 2.27 (br s, 1H), 2.15−2.06 (m,
1H), 2.04−1.95 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2,
143.9, 139.0, 135.0, 131.9, 131.5, 129.1, 128.8, 128.6, 127.8, 127.0,
125.7, 123.4, 119.0, 112.9, 97.6, 76.6, 73.2, 37.8, 16.3; HRMS (ESI-
TOF) m/z [M + H]+ calcd for C24H22NO2 356.1645, found
356.1642.
N-(2-(6-Hydroxyhex-1-yn-1-yl)phenyl)benzamide (7a): 263.8 mg

(99% yield, yellow solid, purified by SiO2 column chromatography
eluting 30% EtOAc/hexane); mp 63.0−63.3 °C; IR (neat) νmax 3390,
2937, 1676, 1521, 1310, 755 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.81 (br s, 1H), 8.55 (d, J = 8.4 Hz, 1H), 7.93−7.90 (m, 2H), 7.59−
7.48 (m, 3H), 7.42−7.33 (m, 2H), 7.05 (t, J = 7.5 Hz, 1H), 3.66 (t, J
= 6.0 Hz, 2H), 2.57 (t, J = 6.3 Hz, 2H), 1.81−1.66 (m, 5H); 13C{1H}
NMR (75 MHz, CDCl3) δ 165.2, 139.0, 135.1, 131.9, 131.5, 129.1,
128.8, 127.0, 123.4, 119.0, 112.9, 97.8, 76.4, 62.2, 31.9, 25.2, 19.4;
HRMS (ESI-TOF) m/z [M + Na]+ calcd for C19H19NNaO2
316.1308, found 316.1310.
N-(2-(6-Hydroxyhex-1-yn-1-yl)-4-methylphenyl)benzamide (7b):

306.5 mg (96% yield, pale orange solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 87.7−88.3 °C; IR
(neat) νmax 3338, 2922, 1653, 1310, 1057, 707 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.73 (br s, 1H), 8.42 (d, J = 8.4 Hz, 1H), 7.92−7.89
(m, 2H), 7.58−7.47 (m, 3H), 7.22 (s, 1H), 7.15 (dd, J = 8.4, 1.8 Hz,
1H), 3.65 (t, J = 5.4 Hz, 2H), 2.56 (t, J = 6.6 Hz, 2H), 2.29 (s, 3H),
1.79−1.66 (m, 4H), 1.47 (br s, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 165.1, 136.6, 135.2, 133.1, 131.88, 131.86, 129.8, 128.8,
127.0, 119.0, 112.9, 97.3, 76.6, 62.2, 31.9, 25.2, 20.7, 19.4; HRMS

(ESI-TOF) m/z [M + Na]+ calcd for C20H21NNaO2 330.1465, found
330.1465.

N-(5-Chloro-2-(6-hydroxyhex-1-yn-1-yl)phenyl)benzamide (7e):
157.9 mg (92% yield, white solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 102.5−102.9 °C;
IR (neat) νmax 3485, 3378, 2939, 2215, 1664, 1569, 1516, 1416, 708
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.79 (br s, 1H), 8.66 (d, J = 1.8
Hz, 1H), 7.91−7.88 (m, 2H), 7.60−7.48 (m, 3H), 7.31 (d, J = 8.4 Hz,
1H), 7.02 (dd, J = 8.4, 2.1 Hz, 1H), 3.67 (br s, 2H), 2.58 (t, J = 6.6
Hz, 2H), 1.78−1.67 (m, 4H), 1.44 (br s, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.1, 139.8, 134.9, 134.6, 132.2, 128.9, 127.0, 123.6,
119.1, 111.2, 98.7, 75.6, 62.1, 31.9, 25.1, 19.4; HRMS (ESI-TOF) m/
z [M + Na]+ calcd for C19H18

35ClNNaO2 350.0918, found 350.0912.
N-(4-Chloro-2-(6-hydroxyhex-1-yn-1-yl)phenyl)benzamide (7f):

382.1 mg (97% yield, white solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 90.6−90.9 °C;
IR (neat) νmax 3261, 2931, 2222, 1684, 1512 1304, 700 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.74 (br s, 1H), 8.51 (d, J = 9.0 Hz, 1H),
7.89 (d, J = 6.9 Hz, 2H), 7.59−7.48 (m, 3H), 7.37−7.36 (m, 1H),
7.29 (dd, J = 9.0, 2.4 Hz, 1H), 3.66 (br s, 2H), 2.57 (t, J = 6.3 Hz,
2H), 1.80−1.65 (m, 4H), 1.58 (br s, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 165.1, 137.5, 134.6, 132.1, 131.1, 129.0, 128.9, 128.2, 127.0,
120.1, 114.5, 99.1, 75.3, 62.1, 31.8, 25.1, 19.4; HRMS (ESI-TOF) m/
z [M + Na]+ calcd for C19H18

35ClNNaO2 350.0918, found 350.0918.
N-(2-(6-Hydroxyhex-1-yn-1-yl)-4-(trifluoromethyl)phenyl)-

benzamide (7g): 159.6 mg (84% yield, white solid, purified by SiO2
column chromatography eluting 30% EtOAc/hexane); mp 100.7−
101.3 °C; IR (neat) νmax 3394, 3303, 2937, 2227, 1684, 1528, 1331,
1116, 704 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.92 (br s, 1H), 8.70
(d, J = 8.7 Hz, 1H), 7.91 (d, J = 7.5 Hz, 2H), 7.66 (s, 1H), 7.61−7.50
(m, 4H), 3.68 (t, J = 6.0 Hz, 2H), 2.59 (t, J = 6.6 Hz, 2H), 1.82−1.71
(m, 4H), 1.61 (br s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.3,
141.6, 134.4, 132.4, 129.0, 128.6 (q, JC−F = 4 Hz), 127.0, 125.9 (q,
JC−F = 4 Hz), 125.4 (q, JC−F = 33 Hz), 123.7 (q, JC−F = 270 Hz),
118.8, 113.2, 99.4, 75.2, 62.1, 31.8, 25.1, 19.4; 19F NMR (376 MHz,
CDCl3) δ − 65.5 (s); HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C20H18F3NNaO2 348.1182, found 348.1173.

N-(2-(6-Hydroxyhex-1-yn-1-yl)phenyl)-4-methoxybenzamide
(7m): 347.5 mg (90% yield, pale orange solid, purified by SiO2
column chromatography eluting 30% EtOAc/hexane); mp 77.1−77.5
°C; IR (neat) νmax 3433, 3387, 2939, 1652, 1508, 1255, 1064, 752
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.74 (br s, 1H), 8.52 (d, J = 8.4
Hz, 1H), 7.87 (d, J = 8.7 Hz, 2H), 7.38 (d, J = 7.8 Hz, 1H), 7.33 (t, J
= 8.1 Hz, 1H), 7.05−6.96 (m, 3H), 3.85 (m, 3H), 3.67 (br s, 2H),
2.59−2.54 (m, 2H), 1.80−1.72 (m, 5H); 13C{1H} NMR (75 MHz,
CDCl3) δ 164.7, 162.5, 139.1, 131.5, 129.0, 128.8, 127.1, 123.1, 118.9,
114.0, 112.8, 97.7, 76.4, 62.1, 55.4, 31.9, 25.2, 19.4; HRMS (ESI-
TOF) m/z [M + Na]+ calcd for C20H21NNaO3 346.1414, found
346.1411.

4-Cyano-N-(2-(6-hydroxyhex-1-yn-1-yl)phenyl)benzamide (7t):
313.1 mg (96% yield, pale yellow solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 118.6−119.4 °C;
IR (neat) νmax 3368, 2944, 2233, 1686, 1523, 1447, 767 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.79 (br s, 1H), 8.49 (d, J = 8.1 Hz, 1H),
8.01 (d, J = 8.4 Hz, 2H), 7.81 (d, J = 8.4 Hz, 2H), 7.42 (dd, J = 7.8,
1.2 Hz, 1H), 7.39−7.33 (m, 1H), 7.09 (td, J = 7.5, 0.9 Hz, 1H), 3.70−
3.69 (m, 2H), 2.57 (t, J = 6.6 Hz, 2H), 1.78−1.70 (m, 4H), 1.68 (br s,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 163.3, 138.8, 138.2, 132.7,
131.7, 129.1, 127.6, 124.1, 119.1, 117.8, 115.4, 113.2, 98.2, 76.1, 62.0,
31.7, 25.2, 19.4; HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C20H18N2NaO2 341.1260, found 341.1258.

N-(2-(6-Hydroxyhex-1-yn-1-yl)phenyl)cyclohexanecarboxamide
(7v): 336.5 mg (89% yield, orange solid, purified by SiO2 column
chromatography eluting 30% EtOAc/hexane); mp 78.1−78.8 °C; IR
(neat) νmax 3389, 2929, 1673, 1517, 1447, 755 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.38 (d, J = 8.4 Hz, 1H), 8.08 (br s, 1H), 7.35 (dd, J
= 7.6, 1.6 Hz, 1H), 7.29−7.25 (m, 1H), 6.99 (td, J = 7.6, 0.8 Hz, 1H),
3.73−3.70 (m, 2H), 2.57−2.54 (m, 2H), 2.29 (tt, J = 11.6, 3.6 Hz,
1H), 2.03−2.00 (m, 3H), 1.86−1.82 (m, 2H), 1.79−1.70 (m, 5H),
1.53 (qd, J = 12.0, 2.8 Hz, 2H), 1.39−1.19 (m, 3H); 13C{1H} NMR
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(100 MHz, CDCl3) δ 174.2, 138.8, 131.4, 128.9 123.0, 119.0, 112.5,
97.3, 76.3, 62.0, 46.6, 31.8, 29.7, 25.7, 25.6, 25.1, 19.3; HRMS (ESI-
TOF) m/z [M + H]+ calcd for C19H26NO2 300.1958, found
300.1963.
Procedure for Spiroannulation of Substrates 1 to Spiro-

cycles 2X (Representative Case: Synthesis of Spirocycle 2aBr).
A 5 mL round-bottomed flask containing a magnetic stir bar was
charged with substrate 1a (49.7 mg, 0.178 mmol, 1.00 equiv) and
EtOAc (1.0 mL). The reaction mixture was added to a solution of 1
M aqueous HCl (0.09 mL, 0.09 mmol, 0.51 equiv) (effective
concentration of 1a ≈ 0.2 M), followed by NBS (64.2 mg, 0.361
mmol, 2.02 equiv). The reaction mixture was allowed to stir at room
temperature until judged complete by TLC (typically 5−15 min).
Upon completion, the mixture was diluted with water, and the
separated aqueous phase was extracted with EtOAc. Combined
organic phases were washed with saturated aqueous NaCl, dried over
anhydrous Na2SO4, filtered, and concentrated in vacuo to give the
crude spirocyclic product, which was purified by SiO2 column
chromatography, eluting 5% EtOAc/hexane to give 65.6 mg (87%) of
the pure desired product (2aBr) as a white crystalline solid.
The reaction of 1a at a larger scale (514.3 mg, 1.841 mmol) was

conducted employing the same procedure to afford 654.9 mg (84%)
of 2aBr as a white crystalline solid.
3′,3′-Dibromo-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo[d][1,3]-

oxazine-4,2′-furan] (2aBr): 65.6 mg (87% yield, white crystalline
solid, purified by SiO2 column chromatography eluting 15% EtOAc/
hexane); mp 128.9−129.3 °C; IR (neat) νmax 2922, 1629, 816, 764
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.13−8.10 (m, 2H), 7.76 (dd, J
= 7.8, 0.9 Hz, 1H), 7.54−7.42 (m, 5H), 7.34−7.42 (m, 1H), 4.52−
4.40 (m, 2H), 3.67 (dt, J = 13.5, 9.6 Hz, 1H), 3.11 (ddd, J = 13.8, 6.0,
1.8 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 155.3, 141.7, 131.7,
131.5, 131.3, 128.7, 128.3, 128.0, 125.9, 125.1, 117.3, 109.2, 66.6,
66.4, 45.0; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H14O2N

79Br2 421.9386, found 421.9376.
3′,3′-Dibromo-6-methyl-2-phenyl-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2bBr): 179.5 mg (82% yield,
white solid, purified by SiO2 column chromatography eluting 20%
EtOAc/hexane); mp 73.4−73.7 °C; IR (neat) νmax 2904, 1631, 1287,
1084, 936, 690 cm−1; 1H NMR (400 MHz, CDCl3) δ 8.10 (d, J = 6.8
Hz, 2H), 7.57 (s, 1H), 7.54−7.43 (m, 3H), 7.34−7.30 (m, 2H),
4.49−4.40 (m, 2H), 3.71−3.63 (m, 1H), 3.14 (ddd, J = 13.8, 6.2, 1.4
Hz, 1H), 2.42 (s, 3H); 13C{1H} NMR (100 MHz, CDCl3) δ 154.7,
139.4, 135.9,132.1, 131.9, 131.4, 129.0, 128.3, 128.0, 125.0, 117.0,
109.2, 66.6, 66.2, 45.1, 21.4; HRMS (ESI-TOF) m/z [M + H]+ calcd
for C18H16O2N

79Br2 435.9542, found 435.9540.
3′,3′-Dibromo-7-fluoro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-

[d][1,3]oxazine-4,2′-furan] (2cBr): 133.1 mg (70% yield, white solid,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 162.3−162.6 °C; IR (neat) νmax 2907, 1600, 1493, 1057, 929, 690
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.10 (d, J = 7.2 Hz, 2H), 7.75−
7.70 (m, 1H), 7.54−7.43 (m, 3H), 7.12 (dd, J = 9.8, 2.1 Hz, 1H), 7.00
(td, J = 8.4, 2.1 Hz, 1H), 4.49−4.37 (m, 2H), 3.69−3.59 (m, 1H),
3.14 (dd, J = 13.5, 4.8 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
164.5 (d, C−F, 1JC−F = 248 Hz), 156.4, 143.9 (d, C−F, 3JC−F = 12
Hz), 131.9, 131.4, 130.6 (d, C−F, 2JC−F = 20 Hz), 128.4, 128.2, 113.3
(d, C−F, 3JC−F = 3 Hz), 113.0 (d, C−F, 2JC−F = 22 Hz), 111.7 (d, C−
F, 2JC−F = 23 Hz), 109.3, 66.7, 66.4, 44.9; 19F NMR (376 MHz,
CDCl3) δ − 112.9 to −113.0 (m); HRMS (ESI-TOF) m/z [M + H]+

calcd for C17H13
79Br2FNO2 439.9292, found 439.9300.

3′,3′-Dibromo-6-fluoro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-
[d][1,3]oxazine-4,2′-furan] (2dBr): 148.9 mg (87% yield, white solid,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 147.7−148.9 °C; IR (neat) νmax 2923, 1632, 1494, 1054, 795, 735
cm−1; 1H NMR (400 MHz, CDCl3) δ 8.09 (d, J = 6.0 Hz, 2H), 7.49−
7.38 (m, 5H), 7.24−7.17 (m, 1H), 4.47−4.37 (m, 2H), 3.67−3.59
(m, 1H), 3.12 (dd, J = 10.5, 4.5 Hz, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 160.4 (d, C−F, 1JC−F = 244 Hz), 154.8, 138.1 (d, C−F,
3JC−F = 3 Hz), 131.6, 131.5, 128.3, 128.0, 126.7 (d, C−F, 3JC−F = 8
Hz), 118.9 (d, C−F, 3JC−F = 9 Hz), 118.4 (d, C−F, 2JC−F = 22 Hz),
115.6 (d, C−F, 2JC−F = 25 Hz) 108.7, 66.8, 65.6, 44.9; 19F NMR (376

MHz, CDCl3) δ − 117.6 to −117.7 (m); HRMS (ESI-TOF) m/z [M
+ H]+ calcd for C17H13O2N

79Br2F 439.9292, found 439.9279.
3′,3′-Dibromo-7-chloro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-

[d][1,3]oxazine-4,2′-furan] (2eBr): 162.5 mg (74% yield, white solid,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 164.3−165.0 °C; IR (neat) νmax 2930, 2853, 2155, 1642, 931, 769
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.13 (d, J = 7.5 Hz, 1H), 7.71
(d, J = 8.1 Hz, 1H), 7.58−7.46 (m, 4H), 7.32−7.28 (m, 1H), 4.53−
4.42 (m, 2H), 3.73−3.62 (m, 1H), 3.18 (dd, J = 13.7, 4.8 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 156.4, 143.1, 137.0, 131.9, 131.3,
130.0, 128.4, 128.2, 125.9, 125.0, 115.8, 109.2, 66.8, 66.1, 44.9;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H13

79Br2
35ClNO2

455.8996, found 455.8999.
3′,3′-Dibromo-6-chloro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-

[d][1,3]oxazine-4,2′-furan] (2fBr): 141.4 mg (87% yield, pale yellow
solid, purified by SiO2 column chromatography eluting 5% EtOAc/
hexane); mp 144.4−145.6 °C; IR (neat) νmax 2907, 1626, 1252, 1056,
935, 691 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.10 (d, J = 7.2 Hz,
2H), 7.74 (d, J = 2.4 Hz, 1H), 7.53−7.42 (m, 4H), 7.35 (d, J = 8.4
Hz, 1H), 4.49−4.37 (m, 2H), 3.63 (dt, J = 13.5, 9.6 Hz, 1H), 3.13
(ddd, J = 10.5, 5.9, 1.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
155.7, 140.4, 131.8, 131.4, 131.1, 128.7, 128.4, 128.1, 126.5, 118.8,
108.8, 66.9 65.6, 45.0; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H13

79Br2
35ClNO2 455.8996, found 455.8988.

3′,3′-Dibromo-2-phenyl-6-(trifluoromethyl)-4′,5′-dihydro-3′H-
spiro[benzo[d][1,3]oxazine-4,2′-furan] (2gBr): 152.4 mg (81% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 96.3−96.9 °C; IR (neat) νmax 2977, 1606, 1264,
1079, 692 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.15−8.12 (m, 2H),
8.02 (br s, 1H), 7.76−7.73 (m, 1H), 7.56−7.44 (m, 4H), 4.54−4.41
(m, 2H), 3.66 (dt, J = 18.3, 9.3 Hz, 1H), 3.16 (ddd, J = 14.4, 6.0, 1.1
Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 157.1, 144.7, 132.2,
131.2, 128.44, 128.36, 128.2 (q, C−F, 3JC−F = 4 Hz), 127.6 (q, C−F,
2JC−F = 33 Hz), 126.4 (q, C−F, 3JC−F = 4 Hz), 125.5, 124.0 (q, C−F,
1JC−F = 270 Hz), 117.9, 109.0, 67.0, 65.8, 44.9; 19F NMR (376 MHz,
CDCl3) δ − 65.5 (s); HRMS (ESI-TOF) m/z [M + Na]+ calcd for
C18H13

79Br2F3NO2 489.9260, found 489.9268.
3′,3′-Dibromo-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo[d][1,3]-

oxazine-4,2′-furan]-6-carbonitrile (2hBr): 136.4 mg (79% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 163.0−163.9 °C; IR (neat) νmax 2909, 2226,
1596, 1259, 1058, 694 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.14−
8.11 (m, 2H), 8.033−8.027 (m, 1H), 7.73 (dd, J = 8.1, 1.8 Hz, 1H),
7.58−7.53 (m, 1H), 7.47 (t, J = 7.5 Hz, 3H), 4.52−4.41 (m, 2H),
3.64 (dt, J = 13.8, 9.3 Hz, 1H), 3.17 (ddd, J = 13.7, 5.7, 1.8 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 157.8, 145.5, 134.7, 133.2, 132.5,
130.8, 128.5, 128.4, 125.8, 118.5, 108.9, 108.6, 67.2, 65.5, 44.7;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C18H13

79Br2N2O2
446.9338, found 446.9337.

3′,3′-Dibromo-6-nitro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-
[d][1,3]oxazine-4,2′-furan] (2iBr): 176.8 mg (37% yield, white solid,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 153.4−154.2 °C; IR (neat) νmax 2922, 1607, 1569, 1339, 693
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.61 (br s, 1H), 8.33−8.30 (m,
1H), 8.14 (d, J = 8.1 Hz, 2H), 7.59−7.46 (m, 4H), 4.51−4.41 (m,
2H), 3.70−3.59 (m, 1H), 3.19 (dd, J = 13.8, 6.0 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 158.3, 147.2, 144.9, 132.6, 130.7, 128.52,
128.47, 126.4, 125.8, 125.1, 118.2, 108.8, 67.3, 65.5, 44.7; HRMS
(ESI-TOF) m/z [M + H]+ calcd for C17H13O4N2

79Br2 466.9237,
found 466.9236.

3′,3′-Dibromo-2-(p-tolyl)-4′,5′-dihydro-3′H-spiro[benzo[d][1,3]-
oxazine-4,2′-furan] (2jBr): 305.0 mg (86% yield, white solid, purified
by SiO2 column chromatography eluting 5% EtOAc/hexane); mp
130.0−130.7 °C; IR (neat) νmax 2922, 1596, 1251, 1057, 935, 766
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.01 (d, J = 8.1 Hz, 2H), 7.75
(dd, J = 7.8, 1.2 Hz, 1H), 7.51−7.40 (m, 2H), 7.30−7.23 (m, 3H),
4.48−4.36 (m, 2H), 3.64 (dt, J = 13.8, 9.3 Hz, 1H), 3.11 (ddd, J =
13.7, 6.0, 1.8 Hz, 1H), 2.39 (s, 3H); 13C{1H} NMR (75 MHz,
CDCl3) δ 155.5, 142.0, 141.8, 131.2, 129.1, 129.0, 128.7, 128.3, 125.6,
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125.0, 117.3, 109.1, 66.6, 66.4, 45.0, 21.6; HRMS (ESI-TOF) m/z [M
+ H]+ calcd for C18H16

79Br2NO2 435.9542, found 435.9545.
3′,3′-Dibromo-2-(2-methoxyphenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2kBr): 210.0 mg (41% yield,
white solid, purified by SiO2 column chromatography eluting 5−10%
EtOAc/hexane); mp 104.6−104.9 °C; IR (neat) νmax 2906, 1598,
1247, 925, 749 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.93 (d, J = 7.2
Hz, 1H), 7.76 (d, J = 7.5 Hz, 1H), 7.52−7.40 (m, 3H), 7.30 (t, J = 7.5
Hz, 1H), 7.03−6.96 (m, 2H), 4.46−4.38 (m, 1H), 4.35−4.29 (m,
1H), 3.88 (s, 3H), 3.70 (dt, J = 13.5, 9.3 Hz, 1H), 3.05 (dd, J = 13.2,
6.0 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 158.7, 155.8, 141.9,
132.4, 131.9, 131.2, 128.5, 125.8, 125.1, 121.4, 120.4, 116.8, 112.2,
109.1, 66.7, 55.9, 44.3; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C18H16

79Br2NO3 451.9492, found 451.9494.
3′,3′-Dibromo-2-(3-methoxyphenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2lBr): 136.5 mg (83% yield, white
solid, purified by SiO2 column chromatography eluting 5% EtOAc/
hexane); mp 104.1−105.1 °C; IR (neat) νmax 2906, 1629, 1577, 1285,
1035, 927, 768 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.76 (d, J = 7.8
Hz, 1H), 7.70−7.67 (m, 2H), 7.53−7.48 (m, 1H), 7.44−7.42 (m,
1H), 7.38−7.28 (m, 2H), 7.07−7.03 (m, 1H), 4.49−4.38 (m, 2H),
3.87 (s, 3H), 3.70−3.59 (m, 1H), 3.16−3.10 (m, 1H); 13C{1H} NMR
(75 MHz, CDCl3) δ 159.5, 155.2, 141.6, 133.1, 129.3, 128.7, 125.9,
125.2, 120.5, 117.6, 117.4, 113.1, 109.2, 66.7, 66.3, 55.4, 45.0; HRMS
(ESI-TOF) m/z [M + H]+ calcd for C18H16O3N

79Br2 451.9492,
found 451.9479.
3′,3′-Dibromo-2-(4-methoxyphenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2mBr): 336.6 mg (82% yield,
white solid, purified by SiO2 column chromatography eluting 5−10%
EtOAc/hexane); mp 164.5−164.8 °C; IR (neat) νmax 2928, 1596,
1170, 793, 765 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.06 (d, J = 8.7
Hz, 2H), 7.74 (d, J = 7.8 Hz, 1H), 7.48 (t, J = 7.2 Hz, 1H), 7.40 d, J =
7.2 Hz, 1H), 7.27 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 8.7 Hz, 2H), 4.48−
4.36 (m, 2H), 3.83 (s, 3H), 3.69−3.58 (m, 1H), 3.12 (dd, J = 13.8,
4.8 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 162.4, 155.2, 142.0,
131.2, 129.8, 128.6, 125.4, 124.8, 124.1, 117.2, 113.7, 109.0, 66.6,
66.4, 55.3, 45.0; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C18H16ON

79Br2 451.9492, found 451.9488.
3′,3′-Dibromo-2-(3,4,5-trimethoxyphenyl)-4′,5′-dihydro-3′H-

spiro[benzo[d][1,3]oxazine-4,2′-furan] (2nBr): 163.0 mg (78% yield,
white solid, purified by SiO2 column chromatography eluting 5−20%
EtOAc/hexane); mp 134.2−134.9 °C; IR (neat) νmax 2939, 1583,
1348, 1125, 930, 768 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.75 (d, J
= 7.8 Hz, 1H), 7.51 (t, J = 7.5 Hz, 1H), 7.44−7.41 (m, 1H), 7.38 (s,
2H), 7.33−7.26 (m, 1H), 4.52−4.40 (m, 2H), 3.95 (s, 6H), 3.91 (s,
3H), 3.65−3.54 (m, 1H), 3.17 (dd, J = 13.5, 5.1 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 155.0, 152.9, 141.6, 141.3, 131.3, 128.7,
127.0, 125.8, 125.0, 117.2, 109.3, 105.5, 66.7, 66.2, 60.9, 56.3, 45.2;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C20H20Br2NO5 511.9703,
found 511.9690.
3′,3′-Dibromo-2-(4-(trifluoromethoxy)phenyl)-4′,5′-dihydro-

3′H-spiro[benzo[d][1,3]oxazine-4,2′-furan] (2oBr): 143.5 mg (84%
yield, white solid, purified by SiO2 column chromatography eluting
5% EtOAc/hexane); mp 122.3−122.6 °C; IR (neat) νmax 2920, 1629,
1603, 1248, 1152, 927, 767 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.18−8.13 (m, 2H), 7.77−7.74 (m, 1H), 7.54−7.49 (m, 1H), 7.43−
7.40 (m, 1H), 7.35−7.27 (m, 3H), 4.52−4.39 (m, 2H), 3.63 (dt, J =
14.1, 9.6 Hz, 1H), 3.16 (ddd, J = 13.8, 6.3, 1.5 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 154.2, 151.6, 141.5, 131.4, 130.3, 129.8,
128.8, 126.2, 125.2, 120.39, 120.36 (q, C−F, 1JC−F = 257 Hz), 117.3,
109.5, 66.8, 66.2, 45.1; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C18H13

79Br2F3NO3 505.9209, found 505.9204.
3′,3′-Dibromo-2-(4-fluorophenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2pBr): 450.6 mg (81% yield,
white solid, purified by SiO2 column chromatography eluting 5−20%
EtOAc/hexane); mp 126.7−127.1 °C; IR (neat) νmax 2905, 1632,
1506, 1082, 930 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.14−8.10 (m,
2H), 7.75 (d, J = 7.5 Hz, 1H), 7.50 (t, J = 8.1 Hz, 1H), 7.41 (d, J = 7.5
Hz, 1H), 7.31 (t, J = 7.5 Hz, 1H), 7.13 (t, J = 8.4 Hz, 2H), 4.51−4.39
(m, 2H), 3.63 (dt, J = 13.8, 9.3 Hz, 1H), 3.19−3.12 (m, 1H);

13C{1H} NMR (75 MHz, CDCl3) δ 164.9 (d, C−F, 1JC−F = 251 Hz),
154.5, 141.6, 131.4, 130.3 (d, C−F, 3JC−F = 9 Hz), 128.8, 128.0 (d,
C−F, 3JC−F = 3 Hz), 125.9, 125.1, 117.3, 115.5 (d, C−F, 2JC−F = 22
Hz), 109.3, 66.7, 66.3, 45.1; 19F NMR (376 MHz, CDCl3) δ − 111.1
to −111.2 (m); HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H13O2N

79Br2F 439.9292, found 439.9290.
3′,3′-Dibromo-2-(4-chlorophenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2qBr): 68.9 mg (79% yield, white
solid, purified by SiO2 column chromatography eluting 5−10%
EtOAc/hexane); mp 149.2−149.5 °C; IR (neat) νmax 2920, 1631,
1107, 768 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.04 (d, J = 8.6 Hz,
2H), 7.74 (dd, J = 7.7, 1.1 Hz, 1H), 7.49 (td, J = 7.8, 1.5 Hz, 1H),
7.42−7.39 (m, 3H), 7.30 (td, J = 15.0, 1.3 Hz, 1H), 4.47−4.35 (m,
2H), 3.59 (dt, J = 13.8, 9.3 Hz, 1H), 3.11 (ddd, J = 13.7, 6.1, 1.6 Hz,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 154.4, 141.4, 137.7, 131.3,
130.3, 129.3, 128.7, 128.6, 126.1, 125.1, 117.3, 109.3, 66.7, 66.2, 45.0;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C17H13O2N

79Br2
35Cl

455.8996, found 455.8996.
3′,3′-Dibromo-2-(2-bromophenyl)-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2rBr): 207.0 mg (75% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 104.8−106.1 °C; IR (neat) νmax 2972, 2905,
1640, 1064, 921, 763 cm−1; 1H NMR (300 MHz, CDCl3) δ 7.89 (d, J
= 7.5 Hz, 1H), 7.79 (d, J = 7.5 Hz, 1H), 7.66 (d, J = 7.8 Hz, 1H),
7.54−7.25 (m, 5H), 4.46−4.31 (m, 2H), 3.61−3.50 (m, 1H), 3.10−
3.04 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 155.1, 141.1,
134.2, 133.5, 131.5 131.4, 128.8, 127.1, 126.4, 125.3, 121.4, 116.6,
109.5, 66.8, 66.5, 44.7; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H13

79Br3NO2 499.8491, found 499.8500.
3′,3′-Dibromo-2-(4-bromo-2-fluorophenyl)-4′,5′-dihydro-3′H-

spiro[benzo[d][1,3]oxazine-4,2′-furan] (2sBr): 138.8 mg (69% yield,
white solid, purified by SiO2 column chromatography eluting 2%
EtOAc/hexane); 106.6−107.0 °C; IR (neat) νmax 2973, 2906, 1626,
1599, 1483, 923, 767 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.03 (t, J
= 7.8 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.51 (t, J = 6.9 Hz, 1H),
7.41−7.32 (m, 4H), 4.48−4.34 (m, 2H), 3.73−3.62 (m, 1H), 3.12−
3.05 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 161.1 (d, C−F,
1JC−F = 261 Hz), 153.3 (d, C−F, 3JC−F = 4 Hz), 141.2, 132.6 (d, C−F,
3JC−F = 2 Hz), 131.4, 128.8, 127.6 (d, C−F, 3JC−F = 4 Hz), 126.4,
126.2 (d, C−F, 3JC−F = 10 Hz), 125.2, 120.6 (d, C−F, 2JC−F = 26 Hz),
119.1 (d, C−F, 3JC−F = 9 Hz), 117.2, 109.5, 66.9, 66.3, 44.6 (d, C−F,
3JC−F = 2 Hz); 19F NMR (376 MHz, CDCl3) δ − 111.1 (dd, J = 10.5,
8.3 Hz); HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H12

79Br3FNO2 517.8397, found 517.8389.
4-(3′,3′-Dibromo-4′,5′-dihydro-3′H-spiro[benzo[d][1,3]oxazine-

4,2′-furan]-2-yl)benzonitrile (2tBr): 156.6 mg (92% yield, yellow
solid, purified by SiO2 column chromatography eluting 5−15%
EtOAc/hexane); mp 223.4−224.4 °C; IR (neat) νmax 2923, 2226,
1630, 1311, 1059, 915, 769 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.21 (d, J = 8.1 Hz, 2H), 7.77−7.72 (m, 3H), 7.53 (td, J = 7.8 Hz,
1H), 7.42 (d, J = 7.8 Hz, 1H), 7.35 (t, J = 7.5 Hz, 1H), 4.52−4.40 (m
2H), 3.61 (dt, J = 13.8, 9.6 Hz, 1H), 3.16 (dd, J = 13.8, 5.1 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 153.5, 141.0, 135.9, 132.1, 131.5,
128.8 128.4, 126.7, 125.5, 118.3, 117.4, 114.7, 109.6, 66.9, 66.1, 45.0;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C18H13 Br2N2O2
446.9338, found 466.9338.

3′,3′-Dibromo-2-(4-nitrophenyl)-4′,5′-dihydro-3′H-spiro[benzo-
[d][1,3]oxazine-4,2′-furan] (2uBr): 117.8 mg (74% yield, yellow
solid, purified by SiO2 column chromatography eluting 5% EtOAc/
hexane); mp 156.9−157.4 °C; IR (neat) νmax 3073, 2982, 1595, 1518,
1345, 715 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.28 (s, 4H), 7.77
(d, J = 7.8 Hz, 1H), 7.54 (td, J = 7.8, 1.2 Hz, 1H), 7.45−7.43 (m,
1H), 7.36 (td, J = 7.5, 0.9 Hz, 1H), 4.54−4.42 (m, 2H), 3.62 (dt, J =
13.8, 9.3 Hz, 1H), 3.17 (ddd, J = 13.7, 6.3, 1.5 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 153.3, 149.5, 141.0, 137.6, 131.5, 128.9,
128.8, 126.9, 125.6, 123.5, 117.4, 109.7, 67.0, 66.1, 45.0; HRMS (ESI-
TOF) m/z [M + H]+ calcd for C17H13O4N2Br2 466.9237, found
466.9229.

3′,3′-Dibromo-2-cyclohexyl-4′,5′-dihydro-3′H-spiro[benzo[d]-
[1,3]oxazine-4,2′-furan] (2vBr): 210.5 mg (72% yield, yellow oil,
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purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
IR (neat) νmax 2922, 1627, 1594, 1057, 931, 692 cm

−1; 1H NMR (300
MHz, CDCl3) δ 7.70 (dd, J = 7.8, 1.2 Hz, 1H), 7.46−7.41 (m, 1H),
7.28−7.21 (m, 2H), 4.41−4.24 (m, 2H), 3.53−3.42 (m, 1H), 3.03
(dd, J = 13.5, 6.3 Hz, 1H), 2.41 (tt, J = 11.7, 3.4 Hz, 1H), 2.11−2.07
(m, 1H), 2.03−1.98 (m, 1H), 1.84−1.80 (m, 2H), 1.71−1.68 (m,
1H), 1.60−1.42 (m, 2H), 1.39−1.15 (m, 3H); 13C{1H} NMR (75
MHz, CDCl3) δ 163.4, 141.4, 131.1, 128.5, 125.3, 124.5, 116.6, 108.3,
66.7, 66.4, 44.6, 43.5, 30.0, 29.9, 25.8; HRMS (ESI-TOF) m/z [M +
H]+ calcd for C17H20

79Br2NO2 427.9855, found 427.9861.
3′,3′-Dibromo-2-(tert-butyl)-4′,5′-dihydro-3′H-spiro[benzo[d]-

[1,3]oxazine-4,2′-furan] (2wBr): 67.2 mg (36% yield, yellow oil,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
IR (neat) νmax 3362, 2969, 1619, 1233, 928, 780 cm

−1; 1H NMR (300
MHz, CDCl3) δ, 7.75 (dd, J = 7.7, 1.5 Hz, 1H), 7.47 (td, J = 7.7, 1.2
Hz, 1H), 7.34−7.32 (m, 1H), 7.30−7.25 (m, 1H), 4.45−4.37 (m,
1H), 4.31 (t, J = 9.3 Hz, 1H), 3.50 (dt, J = 13.5, 9.3 Hz, 1H), 3.11−
3.05 (m, 1H), 1.34 (s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.6, 141.6, 131.1, 128.4, 125.4, 124.8, 116.2, 108.4, 66.6, 66.3, 44.6,
37.3, 28.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C15H18

79Br2NO2 401.9699, found 401.9704.
3′,3′-Dibromo-2,5′-diphenyl-4′,5′-dihydro-3′H-spiro[benzo[d]-

[1,3]oxazine-4,2′-furan] (2xBr): 173.2 mg (57% yield, white
amorphous solid, purified by SiO2 column chromatography eluting
2−5% EtOAc/hexane); mp 115.1−115.9 °C; IR (neat) νmax 3064,
1631, 1254, 1065, 935, 766, 691 cm−1; 1H NMR (300 MHz, CDCl3)
δ 8.14−8.11 (m, 2H), 7.84 (dd, J = 7.8, 0.9 Hz, 1H), 7.61−7.58 (m,
2H), 7.56−7.30 (m, 9H), 5.71 (dd, J = 9.9, 6.0 Hz, 1H), 3.55 (dd, J =
13.8, 9.9 Hz, 1H), 3.44 (dd, J = 13.8, 6.0 Hz, 1H); 13C{1H} NMR
(100 MHz, CDCl3) δ 155.4, 141.7, 139.3, 131.8, 131.6, 131.4, 129.0,
128.8, 128.43, 128.40, 128.1, 126.2, 125.9, 125.2, 117.6, 109.6, 81.6,
66.7, 53.6; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C23H18

79Br2NO2 497.9699, found 497.9700.
3′,3′-dibromo-5′-(4-methoxyphenyl)-2-phenyl-4′,5′-dihydro-

3′H-spiro[benzo[d][1,3]oxazine-4,2′-furan] (2yBr): 44.0 mg (36%
yield, white crystalline solid, purified by SiO2 column chromatography
eluting 2−5% EtOAc/hexane); mp 127.9−128.2 °C; IR (neat) νmax
2931, 1630, 1514, 1250, 1033, 930, 830, 767, 692 cm−1; 1H NMR
(400 MHz, CDCl3) δ 8.16−8.13 (m, 2H), 7.82 (dd, J = 7.6, 1.2 Hz,
1H), 7.54−7.50 (m, 4H), 7.49−7.45 (m, 3H), 7.32 (td, J = 7.2, 1.2
Hz, 1H), 6.95−6.91 (m, 2H), 5.66 (dd, J = 10.2, 5.6 Hz, 1H), 3.81 (s,
3H), 3.54 (dd, J = 13.6, 10.0 Hz, 1H), 3.39 (dd, J = 14.0, 5.6 Hz, 1H);
13C{1H} NMR (100 MHz, CDCl3) δ 159.7, 155.5, 141.7, 131.8,
131.6, 131.4, 131.0, 129.0, 128.5, 128.2, 127.8, 125.9, 125.2, 117.7,
114.2, 109.5, 81.5, 66.8, 55.3, 53.6; HRMS (ESI-TOF) m/z [M + H]+

calcd for C24H20
79Br2NO3 527.9804, found 527.9804.

3′,3′-Dichloro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo[d][1,3]-
oxazine-4,2′-furan] (2aCl): 26.0 mg (19% yield, white crystal,
purified by SiO2 column chromatography eluting 10% EtOAc/
hexane); mp 133.9−134.2 °C; IR (neat) νmax 3060, 1628, 767, 689
cm−1; 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 8.4 Hz, 2H), 7.61
(d, J = 7.6 Hz, 1H), 7.46−7.37 (m, 5H), 7.25 (t, J = 7.6 Hz, 1H), 4.46
(t, J = 8.8 Hz, 1H), 4.40−4.34 (m, 1H), 3.38−3.30 (m, 1H) 2.96−
2.91 (m, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 155.2, 141.6,
131.7, 131.6, 131.3, 128.4, 128.3, 128.0, 126.0, 125.1, 116.9, 109.1,
90.9, 66.2, 42.6; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H14O2N

35Cl2 334.0396, found 334.0390.
3′,3′-Dichloro-6-methyl-2-phenyl-4′,5′-dihydro-3′H-spiro-

[benzo[d][1,3]oxazine-4,2′-furan] (2bCl): 31.3 mg (48% yield, white
solid, purified by SiO2 column chromatography eluting 20% EtOAc/
hexane); mp 164.5−165.0 °C; IR (neat) νmax 3271, 2908, 1629, 1061,
832, 687 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.10 (dd, J = 8.0, 1.5
Hz, 2H), 7.52−7.41 (m, 4H), 7.34−7.28 (m, 2H), 4.52 (td, J = 8.4,
1.5 Hz, 1H), 4.47−4.38 (m, 1H), 3.40 (dt, J = 13.5, 9.6 Hz, 1H), 2.99
(ddd, J = 13.2, 6.6, 1.5 Hz, 1H), 2.41 (s, 3H); 13C{1H} NMR (75
MHz, CDCl3) δ 154.6, 139.3, 136.0, 132.1, 131.9, 131.4, 128.7, 128.3,
127.9, 125.0, 116.6, 109.1, 90.8, 66.2, 42.6, 21.4; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C18H16O2N

35Cl2 348.0553, found 348.0548.
3′,3′-Dichloro-7-fluoro-2-phenyl-4′,5′-dihydro-3′H-spiro[benzo-

[d][1,3]oxazine-4,2′-furan] (2cCl): 19.9 mg (33% yield, white solid,

purified by SiO2 column chromatography eluting 20% EtOAc/
hexane); mp 156.2−156.7 °C; IR (neat) νmax 2910, 1598, 1059, 954
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.13−8.09 (m, 2H), 7.62 (dd, J
= 8.7, 8.0 Hz, 1H), 7.56−7.43 (m, 3H), 7.12 (dd, J = 9.5, 2.7 Hz, 1H),
7.00 (td, J = 8.4, 2.7 Hz, 1H), 4.52 (td, J = 8.6, 1.5 Hz, 1H), 4.46−
4.38 (m, 1H), 3.38 (dt, J = 13.5, 9.6 Hz, 1H), 3.00 (ddd, J = 13.4, 6.6,
1.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 164.6 (d, C−F,
1JC−F = 248 Hz), 156.3, 143.8 (d, C−F, 3JC−F = 12 Hz), 131.9, 131.4,
130.3 (d, C−F, 3JC−F = 10 Hz), 128.4, 128.1, 113.2 (d, C−F, 2JC−F =
22 Hz), 112.9, (d, C−F, 3JC−F = 3 Hz), 111.8 (d, C−F, 2JC−F = 23
Hz) 109.2, 90.9, 66.3, 42.5; 19F NMR (376 MHz, CDCl3) δ − 112.96
to −113.02 (m); HRMS (ESI-TOF) m/z [M + H]+ calcd for
C17H13O2N

35Cl2F 352.0302, found 352.0297.
Procedure for Spiroannulation of Substrates 5 to Spiro-

cycles 6X (Representative Case: Synthesis of Spirocycle 6aBr).
A 10 mL round-bottomed flask containing a magnetic stir bar was
charged with substrate 5a (161.8 mg, 0.579 mmol, 1.00 equiv), 2.9
mL of EtOAc (effective concentration of 5a ≈ 0.2 M), and 0.29 mL of
a solution of 1.0 M aqueous HCl (0.29 mmol, 0.5 equiv). The
resulted solution was then added with NBS (208.9 mg, 1.174 mmol,
2.03 equiv) and was allowed to stir at room temperature. Upon
completion as judged by TLC (typically 5−15 min), the reaction
mixture was diluted with water. The separated aqueous phase was
extracted with EtOAc, and the combined organic phases were washed
with saturated aqueous NaCl, dried over anhydrous Na2SO4, filtered,
and concentrated in vacuo to give the crude spirocyclic product. The
crude material was purified by SiO2 column chromatography, eluting
5% EtOAc/hexane to give 203.3 mg (80%) of pure compound 6aBr
as a white solid.

3′,3′-Dibromo-2-phenyl-3′,4′,5′,6′-tetrahydrospiro[benzo[d]-
[1,3]oxazine-4,2′-pyran] (6aBr): 203.3 mg (80% yield, white solid,
purified by SiO2 column chromatography eluting 20% EtOAc/
hexane); mp 125.8−126.0 °C; IR (neat) νmax 2966, 1633, 956, 763
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.18−8.15 (m, 2H), 7.90 (dd, J
= 7.8, 1.2 Hz, 1H), 7.55−7.44 (m, 4H), 7.38 (dd, J = 7.8, 1.2 Hz, 1H),
7.30 (td, J = 7.5, 1.5 Hz, 1H), 4.53−4.44 (m, 1H), 4.01 (dd, J = 11.7,
5.7 Hz, 1H), 3.47−3.37 (m, 1H), 2.75 (d, J = 14.4 Hz, 1H), 2.69−
2.54 (m, 1H), 1.70 (dd, J = 14.0, 3.1 Hz, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 154.3, 140.1, 132.0, 131.6, 130.8, 128.9, 128.5, 127.7,
126.0, 125.0, 120.4, 100.3, 71.8, 61.2, 41.4, 24.4; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C18H16O2N

79Br 435.9542, found 435.9540.
3′,3′-Dibromo-6-methyl-2-phenyl-3′,4′,5′,6′-tetrahydrospiro-

[benzo[d][1,3]oxazine-4,2′-pyran] (6bBr): 134.0 mg (82% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 152.3−152.8 °C; IR (neat) νmax 2961, 2103,
1634, 1251, 1066, 1021, 688 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.15 (dd, 2H, J = 7.8, 1.2 Hz), 7.72 (br s, 1H), 7.55−7.45 (m, 3H),
7.28−7.26 (m, 2H), 4.56−4.46 (m, 1H), 4.04 (dd, J = 11.7, 5.7 Hz,
1H), 3.44 (td, J = 13.7, 3.9 Hz, 1H), 2.79−2.55 (m, 2H), 2.43 (s,
3H), 1.76−1.71 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 153.7,
137.8, 136.1, 132.1, 131.7, 131.4, 129.2, 128.5, 127.7, 124.9, 120.1,
100.3, 71.8, 61.3, 41.5, 24.4, 21.5; HRMS (ESI-TOF) m/z [M + H]+

calcd for C19H18
79Br2NO2 449.9699, found 449.9705.

3′,3′-Dibromo-7-chloro-2-phenyl-3′,4′,5′,6′-tetrahydrospiro-
[benzo[d][1,3]oxazine-4,2′-pyran] (6eBr): 203.3 mg (73% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 132.5−133.0 °C; IR (neat) νmax 2963, 1632,
1594, 1091, 962, 690 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.17 (d, J
= 7.2 Hz, 2H), 7.83 (d, J = 8.4 Hz, 1H), 7.58−7.49 (m, 3H), 7.400−
7.395 (m, 1H), 7.30−7.27 (m, 1H), 4.53−4.46 (m, 1H), 4.03 (dd, J =
11.6, 5.6 Hz, 1H), 3.42 (td, J = 13.6, 4.0 Hz, 1H), 2.78 (d, J = 14.4
Hz, 1H), 2.68−2.56 (m, 1H), 1.75 (dd, J = 14.0, 2.8 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 156.2, 142.5, 137.5, 132.9, 132.4,
131.1, 129.5, 128.8, 127.0 125.7, 119.8, 101.3, 72.5, 62.3, 42.2, 25.2;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C18H15

79Br2
35ClNO2

469.9153, found 469.9157.
3′,3′-Dibromo-6-chloro-2-phenyl-3′,4′,5′,6′-tetrahydrospiro-

[benzo[d][1,3]oxazine-4,2′-pyran] (6fBr): 178.5 mg (75% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 166.0−166.4 °C; IR (neat) νmax 2964, 1632,
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1475, 1252, 1064, 759, 691 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.17−8.13 (m, 2H), 7.89 (d, J = 2.4 Hz, 1H), 7.57−7.46 (m, 3H),
7.43 (dd, J = 8.4, 2.4 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 4.53−4.44
(m, 1H), 4.07−4.01 (m, 1H), 3.46−3.36 (m, 1H), 2.79−2.74 (m,
1H), 2.71−2.54 (m, 1H), 1.77−1.71 (m, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 154.6, 138.9, 131.8, 131.7, 131.3, 131.0, 129.0, 128.5,
127.8, 126.3, 121.7, 100.0, 71.0, 61.4, 41.3, 24.3; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C18H15

79Br2
35ClNO2 469.9153, found

469.9157.
3′ ,3′-Dibromo-2-phenyl-6-(trifluoromethyl)-3′ ,4′ ,5′ ,6′-

tetrahydrospiro[benzo[d][1,3]oxazine-4,2′-pyran] (6gBr): 91.1 mg
(60% yield, white solid, purified by SiO2 column chromatography
eluting 5% EtOAc/hexane); mp 165.2−165.5 °C; IR (neat) νmax
2931, 1606, 1258, 1090, 692 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.19−8.17 (m, 3H), 7.71 (dd, J = 8.4, 1.5 Hz, 1H), 7.59−7.45 (m,
4H), 4.53−4.44 (m, 1H), 4.05 (dd, J = 11.7, 5.7 Hz, 1H), 3.41 (td, J =
13.8, 4.2 Hz, 1H), 2.80−2.75 (m, 1H), 2.71−2.54 (m, 1H), 1.74 (dd,
J = 14.1, 3.0 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 156.1,
143.1, 132.2, 131.4, 128.6, 128.1, 127.8 (q, C−F, 2JC−F = 33 Hz),
127.7 (q, C−F, 3JC−F = 4 Hz), 126.7 (q, C−F, 3JC−F = 4 Hz), 125.3,
124.0 (q, C−F, 1JC−F = 270 Hz), 120.7, 100.2, 71.0, 61.5, 41.2, 24.3;
HRMS (ESI-TOF) m/z [M + H]+ calcd for C19H15

79Br2F3NO2
503.9416, found 503.9419.
3′,3′-Dibromo-2-(4-methoxyphenyl)-3′,4′,5′,6′-tetrahydrospiro-

[benzo[d][1,3]oxazine-4,2′-pyran] (6mBr): 127.6 mg (82% yield,
white solid, purified by SiO2 column chromatography eluting 5%
EtOAc/hexane); mp 184.2−184.7 °C; IR (neat) νmax 2919, 1625,
1254, 1068, 773 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.12 (d, J = 8.7
Hz, 2H), 7.88 (d, J = 7.5 Hz, 1H), 7.46 (t, J = 7.5 Hz, 1H), 7.35 (d, J
= 7.5 Hz, 1H), 7.28 (t, J = 7.8 Hz, 1H), 6.99 (d, J = 9.0 Hz, 2H),
4.53−4.44 (m, 1H), 4.04−3.99 (m, 1H), 3.87 (s, 3H), 3.42 (td, J =
13.5, 4.5 Hz, 1H), 2.78−2.73 (m, 1H), 2.70−2.53 (m, 1H), 1.74−
1.70 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 162.4, 154.2,
140.4, 130.8, 130.0, 128.8, 125.6, 124.7, 124.3, 120.2, 113.9, 100.2,
71.9, 61.2, 55.4, 41.4, 24.4; HRMS (ESI-TOF) m/z [M + H]+ calcd
for C19H18

79Br2F3NO3 465.9648, found 465.9655.
4-(3′,3′-Dibromo-3′,4′,5′,6′-tetrahydrospiro[benzo[d][1,3]-

oxazine-4,2′-pyran]-2-yl)benzonitrile (6tBr): 126.7 mg (80% yield,
white solid, purified by SiO2 column chromatography eluting 5−10%
EtOAc/hexane); mp 192.6−193.0 °C; IR (neat) νmax 2952, 2229,
1633, 1255, 1066, 978, 764 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.27 (d, J = 8.4 Hz, 2H), 7.91 (d, J = 7.8 Hz, 1H), 7.78 (d, J = 8.1 Hz,
2H), 7.53−7.48 (m, 1H), 7.40−7.34 (m, 2H), 4.51−4.43 (m, 1H),
4.09−4.03 (m, 1H), 3.36 (td, J = 13.8, 3.6 Hz, 1H), 2.81−2.73 (m,
1H), 2.71−2.58 (m, 1H), 1.76 (d, J = 12.6 Hz, 1H); 13C{1H} NMR
(75 MHz, CDCl3) δ 152.5, 139.5, 136.2 132.3, 131.1, 129.1, 128.2,
127.0, 125.3, 120.4, 118.3, 114.8, 100.8, 71.3, 61.4, 41.4 24.3; HRMS
(ESI-TOF) m/z [M + H]+ calcd for C19H15

79Br2N2O2 460.9495,
found 460.9491.
3′,3′-Dibromo-2-cyclohexyl-3′,4′,5′,6′-tetrahydrospiro[benzo[d]-

[1,3]oxazine-4,2′-pyran] (6vBr): 126.5 mg (72% yield, white solid,
purified by SiO2 column chromatography eluting 5% EtOAc/hexane);
mp 109.5−110.1 °C; IR (neat) νmax 2930, 1650, 1078, 967, 763 cm

−1;
1H NMR (300 MHz, CDCl3) δ 7.84 (dd, J = 7.8, 1.2 Hz, 1H), 7.41
(td, J = 7.7, 1.5 Hz, 1H), 7.27−7.20 (m, 2H), 4.37−4.28 (m, 1H),
3.93 (dd, J = 11.4, 5.7 Hz, 1H), 3.28 (td, J = 13.4, 4.2 Hz, 1H), 2.71−
2.66 (m, 1H), 2.62−2.44 (m, 2H), 2.16−2.03 (m, 2H), 1.87−1.83
(m, 2H), 1.74−1.72 (m, 1H), 1.65−1.51 (m, 3H), 1.41−1.19 (m,
3H); 13C{1H} NMR (75 MHz, CDCl3) δ 162.2, 139.8, 130.7, 128.7,
125.6, 124.4, 120.0, 99.5, 72.3, 61.0, 43.9, 41.3, 30.1, 30.0, 25.8, 24.4;
HRMS (ESI-TOF) m/z [M + H]+ (Br−79) calcd for
C18H22

79Br2NO2 442.0012, found 442.0011.
3′,3′-Dibromo-2,6′-diphenyl-3′,4′,5′,6′-tetrahydrospiro[benzo-

[d][1,3]oxazine-4,2′-pyran] (6xBr): 116.2 mg (67% yield, white solid,
purified by SiO2 column chromatography eluting 2% EtOAc/hexane);
(63:37); mp 181.6−182.1 °C; IR (neat) νmax 3063, 2929, 1635, 1252,
1063, 766, 693 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.23−8.20 (m,
1.07H, minor), 8.01 (dd, J = 7.8, 1.5 Hz, 0.53H, minor), 7.92 (dd, J =
8.1, 1.2 Hz, 1H, major), 7.76−7.73 (m, 2H, major), 7.57−7.15 (m,
17H, major+minor), 5.53 (dd, J = 12.6, 3.3 Hz, 0.56H, minor), 5.24

(t, J = 6.0 Hz, 1H), 3.54 (ddd, J = 17.1, 12.9, 3.9 Hz, 0.61H, minor),
3.45 (ddd, J = 15.0, 7.2, 5.4 Hz, 1H, major), 3.15 (ddd, J = 15.0, 7.5,
5.7 Hz, 1H, major), 2.83 (dt, J = 14.4, 3.9 Hz, 0.60H, minor), 2.90−
2.47 (m, 2.72H, major+minor), 2.02 (dq, J = 14.1, 3.0 Hz, 0.57H,
minor); 13C{1H} NMR (75 MHz, CDCl3) δ 154.7, 154.3, 140.8,
140.3, 140.1, 132.0, 131.64, 131.60, 131.3, 130.9, 130.7, 129.1, 128.53,
128.50, 128.3, 128.2, 128.1, 127.9, 127.8, 127.5, 126.1, 126.0, 125.7,
125.6, 125.0, 120.9, 120.4, 101.1, 101.0, 73.6, 73.2, 71.5, 70.1, 41.6,
41.4, 32.6, 28.0; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C24H20

79Br2NO2 511.9855, found 511.9851.
3′,3′-Dichloro-2-phenyl-3′,4′,5′,6′-tetrahydrospiro[benzo[d]-

[1,3]oxazine-4,2′-pyran] (6aCl): 50.4 mg (39% yield, white solid,
purified by SiO2 column chromatography eluting 10% EtOAc/
hexane); mp 124.2−124.9 °C; IR (neat) νmax 2973, 1632, 769 cm−1;
1H NMR (300 MHz, CDCl3) δ 8.18−8.15 (m, 2H), 7.80 (dd, J = 7.8,
0.9 Hz, 1H), 7.55−7.44 (m, 4H), 7.39 (dd, J = 7.8, 1.2 Hz, 1H), 7.30
(td, J = 7.5, 1.5 Hz, 1H), 4.51−4.41 (m, 1H), 3.99 (dd, J = 11.9, 5.4
Hz, 1H), 3.15 (td, J = 13.7, 3.9 Hz, 1H), 2.61−2.43 (m, 2H), 1.85−
1.78 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 154.1, 140.2,
132.0, 131.6, 130.9, 128.6, 128.5, 127.7, 126.2, 125.0, 119.6, 100.9,
90.8, 61.3, 38.7, 23.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C18H16O2N

35Cl2 348.0553, found 348.0545.
Procedure for Spiroannulation of Substrates 7 to Spiro-

cycles 8X (Representative Case: Synthesis of Spirocycle 8aBr).
A 250 mL round-bottomed flask containing a magnetic stir bar was
charged with substrate 7a (504.5 mg, 1.720 mmol, 1.00 equiv) and
DCM (172 mL, effective concentration of 7a ≈ 0.01 M). The resulted
solution was then added with a solution of 1 M aqueous HCl (0.86
mL, 0.86 mmol, 0.50 equiv), followed by NBS (613.1 mg, 3.445
mmol, 2.00 equiv). The reaction mixture was allowed to stir at room
temperature for 3 h. Upon completion, the reaction mixture was
diluted with water, and the biphasic mixture was extracted with DCM.
Combined organic phases were washed with saturated aqueous NaCl,
dried over anhydrous Na2SO4, filtered, and concentrated in vacuo to
give the crude spirocyclic product. The crude material was purified by
SiO2 column chromatography, eluting 5% EtOAc/hexane to give
598.7 mg (77%) of pure product 8aBr as a white solid.

3′,3′-Dibromo-2-phenylspiro[benzo[d][1,3]oxazine-4,2′-oxe-
pane] (8aBr): 598.7 mg (77% yield, white solid, purified by SiO2
column chromatography eluting 2% EtOAc/hexane); mp 177.0−
178.0 °C; IR (neat) νmax 2953, 1635, 1248, 764, 690 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.18 (dd, J = 8.1, 1.2 Hz, 2H), 8.04 (dd, J = 7.8,
0.9 Hz, 1H), 7.57−7.43 (m, 4H), 7.38−7.29 (m, 2H), 4.32−4.25 (m,
1H), 3.99−3.89 (m, 1H), 3.25−3.15 (m, 1H), 2.91−2.84 (m, 1H),
2.22−2.03 (m, 3H), 1.95−1.86 (m, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 154.1, 139.0, 131.8, 131.6, 130.4, 128.5, 128.3, 127.8, 126.4,
125.0, 123.4, 103.3, 77.9, 64.3, 46.7, 29.0, 24.2; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C19H18

79Br2NO2 449.9699, found 449.9692.
3′,3′-Dibromo-6-methyl-2-phenylspiro[benzo[d][1,3]oxazine-

4,2′-oxepane] (8bBr): 83.9 mg (54% yield, white solid, purified by
SiO2 column chromatography eluting 5% EtOAc/hexane); mp
144.1−144.6 °C; IR (neat) νmax 2923, 1638, 1250, 1068, 691 cm−1;
1H NMR (300 MHz, CDCl3) δ 8.17−8.14 (m, 2H), 7.85 (br s, 1H),
7.55−7.45 (m, 3H), 7.26−7.24 (m, 2H), 4.31−4.24 (m, 1H), 3.97−
3.88 (m, 1H), 3.23−3.13 (m, 1H), 2.90−2.82 (m, 1H), 2.44 (s, 3H),
2.25−2.01 (m, 3H), 1.93−1.84 (m, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 153.4, 136.7, 136.3, 131.9, 131.4, 131.2, 128.6, 128.5, 127.6,
124.8, 123.0, 103.2, 78.0, 64.3, 46.7, 29.0, 24.2, 21.6; HRMS (ESI-
TOF) m/z [M + H]+ calcd for C20H19

79Br2NO2 463.9855, found
463.9855.

3′,3′-Dibromo-7-chloro-2-phenylspiro[benzo[d][1,3]oxazine-
4,2′-oxepane] (8eBr): 65.6 mg (29% yield, white solid, purified by
SiO2 column chromatography eluting 5% EtOAc/hexane); mp
115.8−116.5 °C; IR (neat) νmax 2919, 1634, 1593, 1234, 1067, 734,
689 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.18−8.14 (m, 2H), 7.96
(d, J = 8.4 Hz, 1H), 7.59−7.47 (m, 3H), 7.40 (d, J = 2.1 Hz, 1H),
7.28 (dd, J = 8.6, 2.1 Hz, 1H), 4.31−4.24 (m, 1H), 3.99−3.89 (m,
1H), 3.23−3.13 (m, 1H), 2.91−2.83 (m, 1H), 2.22−2.13 (m, 2H),
2.11−2.00 (m, 1H), 1.97−1.86 (m, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 155.2, 140.5, 136.0, 131.9, 131.4, 129.6, 128.6, 127.9, 126.3,
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124.8, 121.9, 103.3, 77.6, 64.6, 46.5, 28.9, 24.2; HRMS (ESI-TOF)
m/z [M + H]+ calcd for C19H17

79Br2
35ClNO2 483.9309, found

483.9311.
3′,3′-Dibromo-6-chloro-2-phenylspiro[benzo[d][1,3]oxazine-

4,2′-oxepane] (8fBr): 67.6 mg (22% yield, white solid, purified by
SiO2 column chromatography eluting 5% EtOAc/hexane); mp
161.3−161.6 °C; IR (neat) νmax 2925, 1640, 1248, 690 cm−1; 1H
NMR (400 MHz, CDCl3) δ 8.16 (d, 2H, J = 6.0 Hz), 8.030−8.025
(m, 1H), 7.57−7.49 (m, 3H), 7.43−7.40 (m, 1H), 7.32−7.26 (m,
1H), 4.31−4.26 (m, 1H), 3.99−3.93 (m, 1H), 3.21−3.14 (m, 1H),
2.89−2.85 (m, 1H), 2.19−2.13 (m, 2H), 2.10−1.91 (m, 2H);
13C{1H} NMR (100 MHz, CDCl3) δ 154.4, 137.7, 131.8, 131.6,
131.5, 130.5, 128.6, 128.5, 127.8, 126.2, 124.6, 103.0, 77.2, 64.7, 46.5,
28.9, 24.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C19H17

79Br2
35ClNO2 483.9309, found 483.9311.

3′,3′-Dibromo-2-(4-methoxyphenyl)spiro[benzo[d][1,3]oxazine-
4,2′-oxepane] (8mBr): 62.8 mg (36% yield, white solid, purified by
SiO2 column chromatography eluting 5% EtOAc/hexane); mp
164.2−164.5 °C; IR (neat) νmax 2921, 1635, 1935, 1598, 1246,
1030, 764 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.13 (d, J = 8.7 Hz,
2H), 8.02 (d, J = 7.2 Hz, 1H), 7.44 (t, J = 7.2 Hz, 1H), 7.35−7.26 (m,
2H), 7.00 (d, J = 9.0 Hz, 2H), 4.30−4.23 (m, 1H), 3.97−3.90 (m,
1H), 3.87 (s, 3H), 3.22−3.13 (m, 1H), 2.90−2.83 (m, 1H), 2.20−
2.01 (m, 3H), 1.93−1.88 (m, 1H); 13C{1H} NMR (75 MHz, CDCl3)
δ 162.4, 154.0, 139.2, 130.3, 129.6, 128.2, 125.9, 124.7, 124.2, 123.2,
113.9, 103.1, 78.1, 64.2, 55.4, 46.7, 29.0, 24.2; HRMS (ESI-TOF) m/
z [M + H]+ calcd for C20H20

79Br2NO3 479.9804, found 479.9810.
4-(3′,3′-Dibromospiro[benzo[d][1,3]oxazine-4,2′-oxepan]-2-yl)-

benzonitrile (8tBr): 58.9 mg (39% yield, white solid, purified by SiO2
column chromatography eluting 5% EtOAc/hexane); mp 177.0−
178.0 °C; IR (neat) νmax 2924, 1637, 1250, 1073, 736 cm

−1; 1H NMR
(300 MHz, CDCl3) δ 8.28 (d, J = 8.4 Hz, 2H), 8.03 (d, J = 7.2 Hz,
1H), 7.78 (d, J = 8.1 Hz, 2H), 7.50−7.45 (m, 1H), 7.39−7.34 (m,
2H), 4.32−4.25 (m, 1H), 4.01−3.92 (m, 1H), 3.18−3.09 (m, 1H),
2.91−2.86 (m, 1H), 2.18−2.05 (m, 3H), 1.94−1.89 (m, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 152.3, 138.4, 136.0, 132.3, 130.6,
128.4, 128.2, 127.2, 125.3, 123.4, 118.3, 114.8, 103.8, 77.4, 64.6, 46.5,
29.0, 24.2; HRMS (ESI-TOF) m/z [M + H]+ calcd for
C20H17

79Br2N2O2 474.9651, found 474.9654.
2′,2′-Dibromo-2-cyclohexylspiro[benzo[d][1,3]oxazine-4,1′-cy-

cloheptane] (8vBr): 262.3 mg (65% yield, white solid, purified by
SiO2 column chromatography eluting 5% EtOAc/hexane); mp
127.4−127.8 °C; IR (neat) νmax 2928, 1655, 1119, 768 cm−1; 1H
NMR (300 MHz, CDCl3) δ 7.97 (dd, J = 7.8, 1.2 Hz, 1H), 7.38 (td, J
= 7.5, 1.2 Hz, 1H), 7.25 (td, J = 7.5, 1.5 Hz, 1H), 7.21−7.18 (m, 1H),
4.16−4.09 (m, 1H), 3.89−3.79 (m, 1H), 3.09−3.00 (m, 1H), 2.86−
2.79 (m, 1H), 2.49 (td, J = 11.7, 3.3 Hz, 1H), 2.14−1.93 (m, 5H),
1.87−1.72 (m, 4H), 1.66−1.50 (m, 2H), 1.42−1.18 (m, 3H);
13C{1H} NMR (75 MHz, CDCl3) δ 161.7, 138.6, 130.2, 128.1, 125.9,
124.3 123.0, 102.4, 78.3, 64.2, 47.1, 44.2, 30.1, 29.8, 29.1, 25.9, 25.8,
23.9; HRMS (ESI-TOF) m/z [M + H]+ calcd for C19H24

79Br2NO2
456.0168, found 456.0167.
Procedure for Conversion of Spirocycles 2Br to 3-

Bromofurans 3Br (Representative Case: Synthesis of 3-
Bromofuran 3aBr). To 10 mL round-bottomed flask containing a
magnetic stir bar was added compound 2aBr (472.4 mg, 1.117 mmol,
1.00 equiv), followed by 5.0 mL of NMP. The resulted clear colorless
solution was then added with t-BuOK (175.0 mg, 1.559 mmol, 1.40
equiv), which immediately turned the reaction mixture to dark purple.
The mixture was allowed to stir at room temperature for 10 min.
Upon completion (judged by TLC), the reaction mixture was diluted
with 1 M aqueous HCl and water. The separated aqueous layer was
extracted with EtOAc. Combined organic phases were washed with
saturated aqueous NaCl, dried over anhydrous Na2SO4, filtered, and
concentrated in vacuo to yield a crude brown material. This material
was purified by SiO2 column chromatography eluting 10% EtOAc/
hexane to furnish 375.3 mg (98%) of product 3aBr as a brown solid.
N-(2-(3-Bromofuran-2-yl)phenyl)benzamide (3aBr): 375.3 mg

(98% yield, brown solid, purified by SiO2 column chromatography
eluting 5% EtOAc/hexane); mp 91.2−91.8 °C; IR (neat) νmax 3325,

1675, 1520, 759 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.67 (br s,
1H), 8.51 (dd, J = 8.4, 0.8 Hz, 1H), 7.83−7.80 (m, 2H), 7.63 (dd, J =
8.1, 1.6 Hz, 1H), 7.55 (d, J = 2.0 Hz, 1H), 7.54−7.43 (m, 4H), 7.22
(td, J = 7.7, 1.2 Hz, 1H), 6.63 (d, J = 2.0 Hz, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.2, 148.2, 142.7, 135.9, 134.9, 131.8, 130.3, 130.1,
128.8, 126.9, 124.0, 122.1, 119.2, 115.9, 99.2; HRMS (ESI−TOF) m/
z [M + H]+ calcd for C17H13

79Br N O2 342.0124, found 342.0125.
N-(2-(3-Bromofuran-2-yl)-4-methylphenyl)benzamide (3bBr):

137.5 mg (94% yield, white solid, purified by SiO2 column
chromatography eluting 5−20% EtOAc/hexane); mp 139.6−139.9
°C; IR (neat) νmax 3246, 1642, 1530, 1318, 713 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.55 (br s, 1H), 8.35 (d, J = 8.4 Hz, 1H), 7.82−7.79
(m, 2H), 7.55−7.43 (m, 5H), 7.29 (dd, J = 8.4, 1.5 Hz, 1H), 2.39 (s,
3H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.1, 148.3, 142.7, 135.0,
133.8, 133.4, 131.7, 131.0, 130.4, 128.4, 126.9, 122.3, 119.3, 115.8,
99.0, 20.8; HRMS (ESI−TOF) m/z [M + H]+ calcd for
C18H15

79BrNO2 356.0281, found 356.0272.
N-(2-(3-Bromofuran-2-yl)-5-fluorophenyl)benzamide (3cBr):

93.8 mg (97% yield, white solid, purified by SiO2 column
chromatography eluting 5−10% EtOAc/hexane); mp 132.3−133.0
°C; IR (neat) νmax 3454, 3110, 1684, 1545, 1256, 697 cm

−1; 1H NMR
(300 MHz, CDCl3) δ 8.74 (br s, 1H), 8.42 (dd, J = 11.3, 2.4 Hz, 1H),
7.79 (d, J = 7.2 Hz, 2H), 7.61−7.44 (m, 5H), 6.91 (td, J = 7.8, 2.4 Hz,
1H), 6.64 (d, J = 1.5 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.1, 163.4 (d, C−F, 1JC−F = 247 Hz), 147.3, 142.8, 137.8 (d, C−F,
3JC−F = 13 Hz), 134.5, 132.1, 131.6 (d, C−F, 3JC−F = 10 Hz), 128.8,
126.9, 115.9, 114.6 (d, C−F, 3JC−F = 3 Hz), 110.9 (d, C−F, 2JC−F = 22
Hz), 109.0 (d, C−F, 2JC−F = 28 Hz), 99.3; 19F NMR (376 MHz,
CDCl3) δ − 111.1 to −111.2 (m); HRMS (ESI−TOF) m/z (M
+Na)+ calcd for C17H11

79BrFNNaO2 381.9849, found 381.9844.
N-(2-(3-Bromofuran-2-yl)-4-fluorophenyl)benzamide (3dBr):

217.1 mg (92% yield, white solid, purified by SiO2 column
chromatography eluting 20% EtOAc/hexane); mp 103.8−104.1 °C;
IR (neat) νmax 3441, 3307, 1670, 1522, 867, 707 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.63 (br s, 1H), 8.42 (dd, J = 9.0, 3.0 Hz, 1H), 7.81
(d, J = 7.2 Hz, 2H), 7.56−7.52 (m, 2H), 7.49−7.44 (m, 2H), 7.38
(dd, J = 9.2, 2.7 Hz, 1H), 7.17 (td, J = 8.3, 3.0 Hz, 1H), 6.64 (d, J =
1.9 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.2, 158.7 (d, C−
F, 1JC−F = 243 Hz), 146.9 (d, C−F, 3JC−F = 2 Hz), 143.0, 134.7, 131.9,
128.8, 126.9, 124.4 (d, C−F, 3JC−F = 8 Hz), 121.1 (d, C−F, 3JC−F = 8
Hz), 116.9 (d, C−F, 2JC−F = 22 Hz), 116.4 (d, C−F, 2JC−F = 24 Hz),
116.1, 99.8; 19F NMR (376 MHz, CDCl3) δ − 120.6 to −120.7 (m);
HRMS (ESI−TOF) m/z [M + H]+ calcd for C17H12

79BrFNO2
360.0030, found 360.0032.

N-(2-(3-Bromofuran-2-yl)-5-chlorophenyl)benzamide (3eBr):
81.0 mg (91% yield, white solid, purified by SiO2 column
chromatography eluting 1% EtOAc/DCM); mp 137.6−138.0 °C;
IR (neat) νmax 3430, 2923, 2361, 1676, 705 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.73 (br s, 1H), 8.66 (d, J = 2.1 Hz, 1H), 7.81−7.79
(m, 2H), 7.58−7.45 (m, 5H), 7.19 (dd, J = 8.4, 2.1 Hz, 1H), 6.65 (d,
J = 2.0 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.1, 147.3,
143.0, 137.0, 136.2, 134.5, 132.2, 131.0, 128.9, 126.9, 124.1, 121.9,
117.2, 116.1, 99.6; HRMS (ESI−TOF) m/z [M + H]+ calcd for
C17H12

79Br35ClNO2 375.9735, found 375.9733.
N-(2-(3-Bromofuran-2-yl)-4-chlorophenyl)benzamide (3fBr):

153.2 mg (84% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 137.1−137.5 °C;
IR (neat) νmax 3430, 2923, 2361, 1676, 705 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.66 (br s, 1H), 8.49 (d, J = 8.8 Hz, 1H), 7.81 (d, J =
7.2 Hz, 2H), 7.63 (d, J = 2.4 Hz, 1H), 7.58−7.53 (m, 2H), 7.50−7.42
(m, 3H), 6.65 (d, J = 1.6 Hz, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 165.2, 146.7, 143.2, 134.6, 134.5, 132.1, 130.1, 129.6, 129.1,
128.9, 127.0, 123.4, 120.5, 116.1, 99.9; HRMS (ESI−TOF) m/z [M +
H]+ calcd for C17H12

79Br35ClNO2 375.9734, found 375.9731.
N-(2-(3-Bromofuran-2-yl)-4-(trifluoromethyl)phenyl)benzamide

(3gBr): 211.0 mg (70% yield, white solid, purified by SiO2 column
chromatography eluting 2−10% EtOAc/hexane); mp 96.0−96.3 °C;
IR (neat) νmax 3439, 3067, 1687, 1522, 1329, 1122, 703 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.85 (br s, 1H), 8.73 (d, J = 8.7 Hz, 1H),
7.91 (s, 1H), 7.82 (d, J = 7.5 Hz, 2H), 7.71 (d, J = 9.0 Hz, 1H), 7.60−
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7.59 (m, 1H), 7.56−7.54 (m, 1H), 7.50−7.45 (m, 2H), 6.67 (d, J =
1.8 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ 165.3, 146.7, 143.3,
138.9, 134.3, 132.3, 128.9, 127.2 (q, C−F, 3JC−F = 4 Hz), 127.1 (q,
C−F, 3JC−F = 4 Hz), 126.9, 126.0, 123.8 (q, C−F, 1JC−F = 269 Hz),
121.8, 118.9, 116.2, 100.3; 19F NMR (376 MHz, CDCl3) δ − 65.5
( s ) ; HRMS (ES I−TOF) m / z (M+Na) + c a l c d f o r
C18H11

79BrF3NNaO2 431.9817, found 431.9813.
N-(2-(3-Bromofuran-2-yl)-4-cyanophenyl)benzamide (3hBr):

207.7 mg (89% yield, yellow solid, purified by SiO2 column
chromatography eluting 1% EtOAc/DCM); mp 182.4−182.7 °C;
IR (neat) νmax 3428, 3128, 2224 1698, 1512, 1303 701 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.91 (br s, 1H), 8.80 (d, J = 9.0 Hz, 1H),
7.95 (d, J = 1.8 Hz, 1H), 7.83−7.80 (m, 2H), 7.76 (dd, J = 8.7, 2.1
Hz, 1H), 7.63 (d, J = 2.1 Hz, 1H), 7.59−7.56 (m, 1H), 7.53−7.48 (m,
2H), 6.71 (d, J = 1.8 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.3, 145.9, 143.6, 139.9, 134.1, 133.92, 133.86, 132.5, 129.0, 127.0,
121.8, 119.1, 118.3, 116.4, 107.2, 100.8; HRMS (ESI−TOF) m/z [M
+ H]+ calcd for C18H12

79BrN2O2 367.0077, found 367.0077.
N-(2-(3-Bromofuran-2-yl)-4-nitrophenyl)benzamide (3iBr): 58.7

mg (79% yield, yellow solid, purified by SiO2 column chromatography
eluting 5−10% EtOAc/hexane); mp 186.3−186.6 °C; IR (neat) νmax
3440, 2922, 1698, 1506, 1342, 693 cm−1; 1H NMR (400 MHz,
CDCl3) δ 9.03 (br s, 1H), 8.88 (d, J = 6.9 Hz, 1H), 8.60 (d, J = 1.8
Hz, 1H), 8.34 (dd, J = 6.9, 2.1 Hz, 1H), 7.84 (d, J = 5.7 Hz, 2H), 7.65
(d, J = 1.5 Hz, 1H), 7.60 (t, J = 5.4 Hz, 1H), 7.52 (t, J = 5.7 Hz, 2H),
6.73 (d, J = 1.2 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ 165.3,
145.8, 143.7, 143.0, 141.5, 134.1, 132.6, 129.1, 127.0, 125.7, 125.6,
121.2, 118.7, 116.5, 101.1; HRMS (ESI−TOF) m/z [M + H]+ calcd
for C17H12

79BrN2O4 386.9975, found 386.9976.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-methylbenzamide (3jBr):

80.5 mg (93% yield, orange solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 94.2−94.6 °C; IR
(neat) νmax 3442, 2923, 1675, 1304, 945, 758 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.70 (br s, 1H), 8.54 (d, J = 8.4 Hz, 1H), 7.74 (d, J =
8.1 Hz, 2H), 7.65 (dd, J = 7.8, 1.2 Hz, 1H), 7.57 (d, J = 1.8 Hz, 1H),
7.52−7.47 (m, 1H), 7.28 (d, J = 8.1 Hz, 2H), 7.22 (d, J = 7.5 Hz,
1H), 6.64 (d, J = 1.8 Hz, 1H), 2.42 (s, 3H) ; 13C{1H} NMR (75
MHz, CDCl3) δ 165.1, 148.1, 142.7, 142.3, 136.0, 132.0, 130.1, 130.0,
129.4, 126.8, 123.8, 122.1, 119.0, 115.8, 99.0, 21.4; HRMS (ESI−
TOF) m/z (M+Na)+ calcd for C18H14

79BrNNaO 378.0100, found
378.0095.
N-(2-(3-Bromofuran-2-yl)phenyl)-2-methoxybenzamide (3kBr):

47.4 mg (75% yield, yellow oil, purified by SiO2 column
chromatography eluting 1% EtOAc/DCM); IR (neat) νmax 3335,
1664, 1525, 1308, 753 cm−1; 1H NMR (300 MHz, CDCl3) δ 10.03
(br s, 1H), 8.61 (d, J = 8.4 Hz, 1H), 8.29 (dd, J = 7.8, 1.8 Hz, 1H),
7.53 (d, J = 1.8 Hz, 1H), 7.50−7.43 (m, 3H), 7.19 (t, J = 7.5 Hz, 1H),
7.11 (t, J = 7.5 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 6.63 (d, J = 1.8 Hz,
1H), 3.76 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 163.3, 157.3,
148.5, 143.0, 137.0, 133.2, 132.6, 130.6, 130.3, 123.6, 122.5, 121.8,
121.4, 119.5, 115.3, 111.3, 99.4, 55.9; HRMS (ESI−TOF) m/z (M
+Na)+ calcd for C18H14

79BrNNaO3 394.0049, found 394.0054.
N-(2-(3-Bromofuran-2-yl)phenyl)-3-methoxybenzamide (3lBr):

442.5 mg (98% yield, yellow oil, purified by SiO2 column
chromatography eluting 10% EtOAc/hexane); IR (neat) νmax 3433,
3320 1676, 1582, 1521, 1307, 1046, 759 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.67 (br s, 1H), 8.49 (d, J = 8.1 Hz, 1H), 7.63 (dd, J = 7.7,
1.5 Hz, 1H), 7.55 (d, J = 2.1 Hz, 1H), 7.50−7.44 (m, 1H), 7.41−7.40
(m, 1H), 7.38−7.30 (m, 2H), 7.22 (td, J = 7.7, 1.2 Hz, 1H), 7.08−
7.04 (m, 1H), 6.63 (d, J = 8.1 Hz, 1H), 3.84 (s, 3H); 13C{1H} NMR
(75 MHz, CDCl3) δ 165.0, 159.9, 148.1, 142.8, 136.4, 135.9, 130.3,
130.1, 129.7, 124.0, 122.1, 119.2, 118.6, 118.2, 115.9, 112.3, 99.2,
55.4; HRMS (ESI−TOF) m/z [M + H]+ calcd for C18H15

79BrNO3
372.0230, found 372.0223.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-methoxybenzamide (3mBr):

84.9 mg (≥99% yield, yellow solid, purified by SiO2 column
chromatography eluting 20% EtOAc/hexane); mp 90.2−90.4 °C;
IR (neat) νmax 3440, 2925, 1527, 1246, 758 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.59 (br s, 1H), 8.49 (dd, J = 8.3, 0.8 Hz, 1H), 7.80−
7.75 (m, 2H), 7.62 (dd, J = 7.8, 1.4 Hz, 1H), 7.55 (d, J = 2.0 Hz, 1H),

7.49−7.44 (m, 1H), 7.20 (td, J = 7.6, 1.2 Hz, 1H), 6.97−6.92 (m,
2H), 6.63 (d, J = 2.0 Hz, 1H), 3.85 (s, 3H); 13C{1H} NMR (75 MHz,
CDCl3) δ 164.7, 162.5, 148.2, 142.7, 136.1, 130.2, 130.1, 128.8, 127.1,
123.7, 122.1, 119.0, 115.9, 114.0, 99.1, 55.4; HRMS (ESI−TOF) m/z
[M + H]+ calcd for C18H15

79BrNO3 372.0230, found 372.0226.
N-(2-(3-Bromofuran-2-yl)phenyl)-3,4,5-trimethoxybenzamide

(3nBr): 291.6 mg (66% yield, beige solid, purified by SiO2 column
chromatography eluting 20−30% EtOAc/hexane); mp 104.5−105.3
°C; IR (neat) νmax 3312, 2922, 2361, 1500, 1126, 759 cm

−1; 1H NMR
(300 MHz, CDCl3) δ 8.56 (br s, 1H), 8.48 (d, J = 8.1 Hz, 1H), 7.60−
7.45 (m, 3H), 7.21 (t, J = 7.2 Hz, 1H), 7.04 (br s, 2H), 6.62 (br s,
1H), 3.89 (br s, 9H); 13C{1H} NMR (75 MHz, CDCl3) δ 164.7,
153.1, 148.1, 142.8, 141.0, 135.9, 130.3, 130.1, 130.0, 123.9, 121.7,
119.0, 115.6, 104.2, 99.1, 60.8, 56.1; HRMS (ESI−TOF) m/z [M +
H]+ calcd for C20H19

79BrNO5 432.0441, found 432.0440.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-(trifluoromethoxy)-

benzamide (3oBr): 119.5 mg (96% yield, white solid, purified by SiO2
column chromatography eluting 5% EtOAc/hexane); mp 137.7−
138.3 °C; IR (neat) νmax 3301, 2925, 1652, 1266, 762 cm

−1; 1H NMR
(300 MHz, CDCl3) δ 8.62 (br s, 1H), 8.44 (d, J = 8.1 Hz, 1H), 7.86
(d, J = 8.4 Hz, 2H), 7.64 (d, J = 7.8 Hz, 1H), 7.56 (d, J = 1.2 Hz, 1H),
7.48 (t, J = 7.5 Hz, 1H), 7.31−7.21 (m, 3H), 6.64 (d, J = 1.2 Hz, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 163.9, 151.7, 148.0, 142.8, 135.5,
133.3, 130.3, 130.2, 128.8, 124.3, 122.3, 120.7, 120.3 (q, C−F, 1JC−F =
258 Hz), 119.4, 116.0, 99.2; HRMS (ESI−TOF) m/z [M + H]+ calcd
for C18H12

79BrF3NO3 425.9947, found 425.9946.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-fluorobenzamide (3pBr):

80.7 mg (87% yield, white solid, purified by SiO2 column
chromatography eluting 5−10% EtOAc/hexane); mp 126.1−126.3
°C; IR (neat) νmax 3458, 3104, 1616, 1237, 751 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.58 (br s, 1H), 8.46 (d, J = 8.4 Hz, 1H), 7.86−7.79
(m, 2H), 7.64 (dd, J = 7.8, 1.5 Hz, 1H), 7.56 (d, J = 1.8 Hz, 1H),
7.51−7.46 (m, 1H), 7.22 (dd, J = 7.5, 1.2 Hz, 1H), 7.18−7.11 (m,
2H), 6.64 (dd, J = 2.1, 0.9 Hz, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 164.8 (d, JC−F= 251 Hz), 164.1, 148.1, 142.7, 135.7, 131.0
(d, JC−F= 3 Hz), 130.2 (d, JC−F= 8 Hz), 129.3 (d, JC−F= 9 Hz), 124.2,
122.3, 119.3, 115.93, 115.90, 115.6, 99.1; 19F NMR (376 MHz,
CDCl3) δ − 110.5 to −110.6 (m); HRMS (ESI−TOF) m/z [M +
H]+ calcd for C17H12

79BrFNO2 360.0030, found 360.0026.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-chlorobenzamide (3qBr):

56.2 mg (86% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 136.9−137.1 °C;
IR (neat) νmax 2922, 2852, 1681, 756 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.60 (br s, 1H), 8.44 (d, J = 8.4 Hz, 1H), 7.76−7.73 (m,
2H), 7.63 (dd, J = 7.8, 1.5 Hz, 1H), 7.54 (d, J = 1.8 Hz, 1H), 7.50−
7.42 (m, 3H), 7.26−7.20 (m, 1H), 6.63 (d, J = 2.1 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 164.2, 148.1, 142.8, 138.1, 135.6, 133.3,
130.3, 130.2, 129.0, 128.3, 124.3, 122.2, 119.3, 116.0, 99.2; HRMS
(ESI−TOF) m/z [M + H]+ calcd for C17H12

79Br35ClNO2 375.9735,
found 375.9726.

2-Bromo-N-(2-(3-bromofuran-2-yl)phenyl)benzamide (3rBr):
144.0 mg (96% yield, yellow oil, purified by SiO2 column
chromatography eluting 2−10% EtOAc/hexane); IR (neat) νmax
3411, 3062, 1679, 1517, 1306, 946, 758 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.47 (d, J = 8.4 Hz, 1H), 8.37 (br s, 1H), 7.63−7.57
(m, 3H), 7.50−7.44 (m, 2H), 7.36 (t, J = 7.5 Hz, 1H), 7.30−7.21 (m,
2H), 6.55 (d, J = 2.1 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.4, 147.7, 142.8 137.6, 135.3, 133.5, 131.5, 130.2, 130.1, 129.6,
127.6, 124.4, 122.4, 119.5, 119.1, 115.6, 99.2; HRMS (ESI−TOF) m/
z [M + H]+ calcd for C17H12

79Br2NO2 419.9229, found 419.9228.
4-Bromo-N-(2-(3-bromofuran-2-yl)phenyl)-2-fluorobenzamide

(3sBr): 160.7 mg (88% yield, white solid, purified by SiO2 column
chromatography eluting 1% EtOAc/hexane); IR (neat) νmax 3430,
2923, 1680, 1538, 1448, 1306, 760 cm−1; 1H NMR (300 MHz,
CDCl3) δ 9.13 (d, J = 14.4 Hz, 1H), 8.48 (d, J = 8.4 Hz, 1H), 8.05 (t,
J = 8.4 Hz, 1H), 7.61 (dd, J = 7.5 Hz, 1H), 7.53 (d, J = 2.1 Hz, 1H),
7.49−7.41 (m, 2H), 7.31 (dd, J = 11.7, 1.5 Hz, 1H), 7.25−7.20 (m,
1H), 6.61 (d, J = 2.1 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
160.2 (d, C−F, 3JC−F = 4 Hz), 159.8 (d, C−F, 1JC−F = 250 Hz), 147.6,
142.8, 135.7, 133.5 (d, C−F, 3JC−F = 3 Hz), 130.2, 130.1, 128.5 (d,
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C−F, 3JC−F = 3 Hz), 126.9 (d, C−F, 3JC−F = 10 Hz), 124.4, 122.7,
120.4 (d, C−F, 3JC−F = 11 Hz), 119.64, 119.63 (d, C−F, 2JC−F = 28
Hz), 115.6, 99.2; 19F NMR (376 MHz, CDCl3) δ − 114.5 to −114.6
(m); HRMS (ESI−TOF) m/z [M + H]+ calcd for C17H11

79Br2FNO2
437.9135, found 437.9135.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-cyanobenzamide (3tBr):

550.5 mg (74% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/DCM); mp 170.7−171.7 °C;
IR (neat) νmax 3386, 2959, 1677, 1518, 1310, 1039, 749 cm−1; 1H
NMR (300 MHz, CDCl3) δ 8.63 (br s, 1H), 8.43 (d, J = 8.4 Hz, 1H),
7.91 (d, J = 8.4 Hz, 2H), 7.77 (d, J = 8.4 Hz, 2H), 7.66 (dd, J = 7.5,
0.2 Hz, 1H), 7.56 (d, J = 2.1 Hz, 1H), 7.53−7.47 (m, 1H), 7.27 (t, J =
7.5 Hz, 1H), 6.65 (d, J = 2.1 Hz, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 163.4, 147.9, 142.9, 138.8, 135.2, 132.6, 130.4, 130.3, 127.6,
124.8, 122.3, 119.5, 117.8, 116.1, 115.5, 99.4; HRMS (ESI−TOF) m/
z [M + H]+ calcd for C18H12

79BrN2O3 367.0077, found 367.0083.
N-(2-(3-Bromofuran-2-yl)phenyl)-4-nitrobenzamide (3uBr):

368.2 mg (74% yield, yellow solid, purified by SiO2 column
chromatography eluting 5% EtOAc/DCM); mp 182.5−183.4 °C;
IR (neat) νmax 3323, 2921, 1655, 1516, 1345, 712 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.67 (br s, 1H), 8.43 (d, J = 8.4 Hz, 1H), 8.32
(d, J = 8.7 Hz, 2H), 7.97 (d, J = 8.7 Hz, 2H), 7.67 (dd, J = 7.8, 1.5 Hz,
1H), 7.57 (d, J = 1.8 Hz, 1H), 7.53−7.48 (m, 1H), 7.30−7.25 (m,
1H), 6.66 (d, J = 2.1 Hz, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
163.2, 149.8, 147.9, 142.9, 140.5, 135.1, 130.4, 130.3, 128.1, 124.8,
124.0, 122.4, 119.6, 116.1, 99.4; HRMS (ESI−TOF) m/z [M + H]+

calcd for C17H12
79BrN2O4 386.9975, found 386.9973.

N-(2-(3-Bromofuran-2-yl)phenyl)cyclohexanecarboxamide
(3vBr): 104.6 mg (61% yield, brown solid, purified by SiO2 column
chromatography eluting 1% EtOAc/DCM); mp 102.7−103.1 °C; IR
(neat) νmax 3222, 2924, 2854, 1651, 1535, 1450, 760 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.34 (d, J = 8.1 Hz, 1H), 7.83 (br s, 1H), 7.57−
7.54 (m, 2H), 7.42 (t, J = 8.4 Hz, 1H), 7.16 (t, J = 7.5 Hz, 1H), 6.63
(d, J = 1.8 Hz, 1H), 2.19 (tt, J = 11.7, 3.3 Hz, 1H), 1.95−1.91 (m,
2H), 1.82−1.79 (m, 2H), 1.70−1.62 (m, 1H), 1.51−1.40 (m, 2H),
1.36−1.20 (m, 3H) ; 13C{1H} NMR (75 MHz, CDCl3) δ 174.1,
148.2, 142.7, 136.0, 130.2, 130.1, 123.7, 122.1, 118.9, 115.7, 99.0,
46.6, 29.5, 25.7, 25.6; HRMS (ESI−TOF) m/z [M + H]+ calcd for
C17H19

79BrNO2 348.0594, found 348.0593.
N-(2-(3-Bromofuran-2-yl)phenyl)pivalamide (3wBr): 193.3 mg

(78% yield, yellow oil, purified by SiO2 column chromatography
eluting 1% EtOAc/DCM); IR (neat) νmax 3451, 2964, 1686, 1510,
1300, 1158, 947, 761 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.36 (d, J
= 8.4 Hz, 1H), 8.17 (br s, 1H), 7.57 (dd, J = 7.7, 1.8 Hz, 1H), 7.53 (d,
J = 1.8 Hz, 1H), 7.45−7.39 (m, 1H), 7.16 (td, J = 7.5, 0.6 Hz, 1H),
6.63 (d, J = 2.1 Hz, 1H), 1.24 (s, 9H); 13C{1H} NMR (75 MHz,
CDCl3) δ 176.5, 148.3, 142.5, 136.2, 130.2, 130.0, 123.6, 121.9, 118.8,
115.8, 99.0, 39.8, 27.4; HRMS (ESI−TOF) m/z [M + H]+ calcd for
C15H17

79BrNO2 322.0437, found 322.0441.
N-(2-(3-Bromo-5-phenylfuran-2-yl)phenyl)benzamide (3xBr):

114.4 mg (93% yield, white solid, purified by SiO2 column
chromatography eluting 10% EtOAc/hexane); mp 117.6−117.8 °C;
IR (neat) νmax 3438, 2924, 1650, 1581, 1525, 1450, 1340, 958, 759,
700 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.92 (br s, 1H), 8.56 (d, J
= 8.4 Hz, 1H), 7.80−7.77 (m, 2H), 7.73 (dd, J = 8.4, 1.2 Hz, 1H),
7.62−7.59 (m, 2H), 7.51−7.48 (m, 1H), 7.46−7.43 (m, 1H), 7.41−
7.33 (m, 3H), 7.30−7.21 (m, 3H), 6.85 (s, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 165.2, 153.9, 147.3, 135.9, 134.7, 131.8, 130.2, 130.0,
129.0, 128.9, 128.65, 128.59, 127.0, 124.0, 123.9, 122.1, 119.0, 110.7,
101.0; HRMS (ESI−TOF) m/z [M + Na]+ calcd for
C23H16

79BrNNaO2 440.0257, found 440.0264.
N-(2-(3-Bromo-5-(4-methoxyphenyl)furan-2-yl)phenyl)-

benzamide (3yBr): 58.8 mg (99% yield, white solid, purified by SiO2
column chromatography eluting 5% EtOAc/hexane); mp 139.1−
139.4 °C; IR (neat) νmax 3439, 1677, 1498, 1250, 1027, 958, 832, 758,
706 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.92 (br s, 1H), 8.56 (d, J
= 8.4 Hz, 1H), 7.80−7.77 (m, 2H), 7.72 (dd, J = 7.8, 1.2 Hz, 1H),
7.53 (d, J = 8.7 Hz, 2H), 7.50−7.41 (m, 2H), 7.30−7.20 (m, 3H),
6.89 (d, J = 9.0 Hz, 2H), 6.70 (s, 1H), 3.83 (s, 3H); 13C{1H} NMR
(75 MHz, CDCl3) δ 165.1, 159.9, 154.0, 146.5, 135.8, 134.8, 131.7,

130.0, 129.9, 128.6, 127.0, 125.4, 123.9, 122.0, 121.9, 119.1, 114.3,
109.2, 101.0, 55.3; HRMS (ESI−TOF) m/z [M + Na]+ calcd for
C24H18

79BrNNaO3 470.0362, found 470.0359.
Procedure for Intramolecular Ullmann Coupling of 3-

Bromofurans 3Br to Indolofurans 4 (Representative Case:
Synthesis of Indolofuran 4a). A 10 mL round-bottomed flask
containing a magnetic stir bar was charged with substrate 3aBr (101.7
mg, 0.297 mmol, 1.00 equiv), CuTC (2.9 mg, 0.015 mmol, 0.05
equiv), Cs2CO3 (97.8 mg, 0.300 mmol, 1.01 equiv), DMEDA (13 μL,
10.7 mg, 0.121 mmol, 0.41 equiv), and 2 mL of dry 1,4-dioxane. The
resulted mixture was heated in an oil bath at reflux under argon for 3
h. Upon completion (judged by TLC), the reaction was cooled down
to room temperature, and the mixture was diluted with saturated
aqueous NH4Cl. The separated aqueous phase was extracted with
EtOAc. Combined organic phases were washed with saturated
aqueous NaCl, dried over anhydrous Na2SO4, filtered, and
concentrated under a vacuum to give the crude material. The crude
product was purified by SiO2 column chromatography eluting 10%
EtOAc/hexane to give 69.7 mg (≥99%) of the desired product (4a)
as a white solid.

The reaction of 3aBr at a larger scale (374.6 mg, 1.095 mmol) was
conducted, employing the same procedure to afford 267.7 mg (94%)
of 4a as a white solid.

(4H-Furo[3,2-b]indol-4-yl)(phenyl)methanone (4a): 69.7 mg
(≥99% yield, white solid, purified by SiO2 column chromatography
eluting 10% EtOAc/hexane); mp 97.9−98.7 °C; IR (neat) νmax 3125,
1676, 1354, 751 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.47−8.43 (m,
1H), 7.73−7.70 (m, 2H), 7.69−7.60 (m, 2H), 7.56−7.51 (m, 2H),
7.38−7.31 (m, 3H), 5.61 (d, J = 1.8 Hz, 1H); 13C{1H} NMR (75
MHz, CDCl3) δ 168.2, 145.2, 144.3, 139.9, 135.2, 131.8, 130.1, 128.6,
128.4, 124.5, 124.3, 118.6, 117.8, 116.3, 103.0; HRMS (ESI−TOF)
m/z [M + H]+ calcd for C17H12NO2 262.0863, found 262.0864.

(7-Methyl-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4b):
53.1 mg (87% yield, yellow oil, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); IR (neat) νmax 2923,
1683, 1354, 695 cm−1; 1H NMR (300 MHz, CDCl3) δ 8.30 (d, J = 8.7
Hz, 1H), 7.72−7.69 (m, 2H), 7.65−7.60 (m, 1H), 7.53 (t, J = 7.8 Hz,
2H), 7.47 (s, 1H), 7.29 (d, J = 2.1 Hz, 1H), 7.15 (d J = 8.4 Hz, 1H),
5.59 (d, J = 1.8 Hz, 1H), 2.48 (s, 3H); 13C{1H} NMR (75 MHz,
CDCl3) δ 168.0, 145.0, 144.2, 138.1, 135.3, 134.0, 131.6, 130.2, 128.5,
128.3, 125.6, 118.7, 117.4, 116.4, 102.9, 21.4; HRMS (ESI−TOF) m/
z (M+Na)+ calcd for C18H13NNaO2 298.0839, found 298.0834.

(6-Fluoro-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4c): 44.8
mg (94% yield, yellow oil, purified by SiO2 column chromatography
eluting 2% EtOAc/hexane); IR (neat) νmax 3129, 1686, 1354, 700
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.25 (dd, J = 10.5, 2.1 Hz, 1H),
7.73−7.70 (m, 2H), 7.67−7.61 (m, 1H), 7.60−7.52 (m, 3H), 7.29 (d,
J = 2.1 Hz, 1H), 7.10 (td, J = 8.7, 2.4 Hz, 1H), 5.59 (d, J = 1.8 Hz,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.2, 160.5 (d, C−F, 1JC−F
= 240 Hz), 144.9 (d, C−F, 3JC−F = 1 Hz), 143.7, 140.0 (d, C−F, 3JC−F
= 12 Hz), 134.7, 132.0, 130.3 (d, C−F, 3JC−F = 3 Hz), 128.6, 128.4,
116.7 (d, C−F, 3JC−F = 10 Hz), 115.2 (d, C−F, 3JC−F = 2 Hz), 112.1
(d, C−F, 2JC−F = 24 Hz), 105.7 (d, C−F, 2JC−F = 29 Hz), 103.0; 19F
NMR (376 MHz, CDCl3) δ − 119.25 to −119.32 (m); HRMS (ESI−
TOF) m/z [M + H]+ calcd for C17H11FNO2 280.0768, found
280.0768.

(7-Fluoro-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4d): 75.9
mg (95% yield, white solid, purified by SiO2 column chromatography
eluting 5% EtOAc/hexane); mp 125.1−125.5 °C; IR (neat) νmax
2926, 1687, 1438, 1351, 1135, 860, 695 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.42 (dd, J = 9.3, 4.8 Hz, 1H), 7.71−7.69 (m, 2H), 7.66−
7.61 (m, 1H), 7.56−7.51 (m, 2H), 7.32−7.28 (m, 2H), 7.03 (td, J =
9.2, 2.4 Hz, 1H), 5.57 (d, J = 1.8 Hz, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 159.8 (d, C−F, 1JC−F = 240 Hz), 158.2, 145.8, 143.5 (d, C−
F, 3JC−F = 4 Hz), 136.0 (d, C−F, 3JC−F = 1 Hz), 134.9, 131.9, 131.5
128.6, 128.3, 119.3 (d, C−F, 3JC−F = 11 Hz), 118.4 (d, C−F, 3JC−F = 9
Hz), 111.6 (d, C−F, 2JC−F = 25 Hz), 102.9, 102.6 (d, C−F, 2JC−F = 26
Hz); 19F NMR (376 MHz, CDCl3) δ − 120.7 to −120.8 (m); HRMS
(ESI−TOF) m/z [M + H]+ calcd for C17H11FNO2 280.0768, found
280.0775.
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(6-Chloro-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4e):
50.9 mg (84% yield, beige solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 138.6−139.1 °C;
IR (neat) νmax 2924, 1687, 1349, 1295, 698 cm−1; 1H NMR (400
MHz, CDCl3) δ 8.53 (s, 1H), 7.70 (d, J = 7.2 Hz, 2H), 7.66−7.62 (m,
1H), 7.56−7.52 (m, 3H), 7.32−7.30 (m, 2H), 5.56 (d, J = 1.6 Hz,
1H); 13C{1H} NMR (100 MHz, CDCl3) δ 168.1, 145.5, 143.5, 139.9,
134.6, 132.0, 130.6, 130.2, 128.6, 128.3, 124.6, 118.1, 116.9, 116.7,
102.9; HRMS (ESI−TOF) m/z [M + H]+ calcd for C17H11

35ClNO2
296.0473, found 296.0471.
(7-Chloro-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4f): 61.3

mg (92% yield, white solid, purified by SiO2 column chromatography
eluting 2−10% EtOAc/hexane); mp 126.6−126.9 °C; IR (neat) νmax
3130, 1684, 1349, 1304, 699 cm−1; 1H NMR (400 MHz, CDCl3) δ
8.39 (d, J = 8.9 Hz, 1H), 7.73−7.71 (m, 2H), 7.67−7.63 (m, 2H),
7.55 (t, J = 7.7 Hz, 2H), 7.34 (d, J = 2.0 Hz, 1H), 7.29 (dd, J = 8.9,
2.1 Hz, 1H), 5.60 (d, J = 1.9 Hz, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 168.1, 145.9, 143.0, 138.1, 134.7, 132.0, 131.3, 129.9, 128.7,
128.4, 124.4, 119.5, 118.8, 116.1, 102.9; HRMS (ESI−TOF) m/z [M
+ H]+ calcd for C17H11

35ClNO2 296.0473, found 296.0469.
Phenyl(7-(trifluoromethyl)-4H-furo[3,2-b]indol-4-yl)methanone

(4g): 126.8 mg (76% yield, beige solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 92.9−93.2 °C; IR
(neat) νmax 1689, 1354, 1303, 1116, 697 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.50 (d, J = 8.7 Hz, 1H), 7.90 (s, 1H), 7.73−7.62 (m, 3H),
7.56−7.51 (m, 3H), 7.34 (d, J = 1.8 Hz, 1H), 5.63 (d, J = 1.8 Hz,
1H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.1, 146.2, 143.2, 141.1,
134.4, 132.2, 131.7, 128.7, 128.5, 126.3 (q, C−F, 2JC−F = 32 Hz),
124.4 (q, C−F, 1JC−F = 270 Hz), 121.0 (q, C−F, 3JC−F = 4 Hz), 118.0,
117.8, 113.5 (q, C−F, 3JC−F = 4 Hz), 102.9; 19F NMR (376 MHz,
CDCl3) δ − 64.6 (s); HRMS (ESI−TOF) m/z [M + H]+ calcd for
C18H11F3NO2 330.0736, found 330.0735.
4-Benzoyl-4H-furo[3,2-b]indole-7-carbonitrile (4h): 104.6 mg

(89% yield, white solid, purified by SiO2 column chromatography
eluting 70% DCM/hexane); mp 184.7−185.0 °C; IR (neat) νmax
2924, 2227, 1683, 1355, 728 cm−1; 1H NMR (400 MHz, CDCl3) δ
8.52 (d, J = 8.4 Hz, 1H), 7.94 (d, J = 1.2 Hz, 1H), 7.74−7.73 (m,
2H), 7.71−7.67 (m, 1H), 7.59−7.54 (m, 3H), 7.41 (d, J = 2.0 Hz,
1H), 5.66 (d, J = 2.0 Hz, 1H); 13C{1H} NMR (100 MHz, CDCl3) δ
168.0, 146.7, 142.4, 141.1, 134.0, 132.5, 132.1, 128.7, 128.5, 127.4
120.4, 119.1, 118.23, 118.16, 107.4, 102.8; HRMS (ESI−TOF) m/z
[M + H]+ calcd for C18H11N2O2 287.0815, found 287.0822.
(7-Nitro-4H-furo[3,2-b]indol-4-yl)(phenyl)methanone (4i): 12.4

mg (31% yield, yellow solid, purified by SiO2 column chromatography
eluting 10−20% EtOAc/hexane); mp 158.9−159.4 °C; IR (neat) νmax
3136, 1692, 1516, 1344, 723 cm−1; 1H NMR (400 MHz, CDCl3) δ
8.58−8.55 (m, 2H), 8.23 (dd, J = 9.2, 2.4 Hz, 1H), 7.76 (d, J = 7.6
Hz, 2H), 7.70 (t, J = 6.8 Hz, 1H), 7.59 (t, J = 7.6 Hz, 2H), 7.44 (d, J =
2.0 Hz, 1H), 5.69 (d, J = 1.6 Hz, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 168.1, 146.9, 144.3, 142.9, 142.4, 133.9, 132.9, 132.7, 128.8,
128.6, 119.5, 118.2, 117.7, 112.3, 103.0; HRMS (ESI−TOF) m/z [M
+ H]+ calcd for C17H11

79BrN2O4 307.0713, found 307.0706.
7-Nitro-4H-furo[3,2-b]indole (4i′): 5.1 mg (19% yield, orange

solid, purified by SiO2 column chromatography eluting 10−20%
EtOAc/hexane); mp 210.0−210.3 °C; IR (neat) νmax 3320, 1499,
1308, 738, 698 cm−1; 1H NMR (300 MHz, CDCl3) δ 6.83 (s, 1H),
8.22 (br s, 1H), 8.13 (dd, J = 9.0, 1.2 Hz, 1H), 7.65 (s, 1H), 7.45 (d, J
= 9.2 Hz, 1H), 6.67 (s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
148.4, 143.09, 143.07, 142.5, 133.5, 118.1, 114.4, 114.1, 112.7, 100.4;
HRMS (ESI−TOF) m/z (M+Na)+ calcd for C10H6N2NaO3
225.0271, found 225.0274.
(4H-Furo[3,2-b]indol-4-yl)(p-tolyl)methanone (4j): 38.6 mg (91%

yield, white solid, purified by SiO2 column chromatography eluting
5−15% EtOAc/hexane); mp 142.7−143.1 °C; IR (neat) νmax 2925,
1595, 1305, 1030, 751, 692 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.44−8.41 (m, 1H), 7.68−7.61 (m, 3H), 7.36−7.31 (m, 5H), 5.72 (d,
J = 2.1 Hz, 1H), 2.47 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ
168.3, 145.1, 144.2, 142.5, 139.9, 132.2, 130.3, 129.2, 128.7, 124.4,
124.1, 118.5, 117.7, 116.2, 103.1, 21.7; HRMS (ESI−TOF) m/z (M
+Na)+ calcd for C18H13NNaO2 298.0839, found 298.0839.

(4H-Furo[3,2-b]indol-4-yl)(2-methoxyphenyl)methanone (4k):
11.0 mg (29% yield, white solid, purified by SiO2 column
chromatography eluting 5−10% EtOAc/hexane); mp 125.0−125.4
°C; IR (neat) νmax 2933, 1685, 1359, 1021, 752 cm

−1; 1H NMR (400
MHz, CDCl3) δ 8.60 (br s, 1H), 7.67−7.65 (m, 1H), 7.55 (t, J = 7.6
Hz, 1H), 7.45 (d, J = 6.4 Hz, 1H), 7.35−7.28 (m, 3H), 7.12 (t, J = 7.6
Hz, 1H), 7.26 (d, J = 8.0 Hz, 1H), 5.31 (br s, 1H), 3.73 (s, 3H);
13C{1H} NMR (100 MHz, CDCl3) δ 166.5, 156.5, 145.3, 144.4,
139.4, 132.1, 129.9 128.4, 125.6, 124.6, 124.3, 120.9, 118.7, 117.9,
116.2, 111.4, 102.1, 55.7; HRMS (ESI−TOF) m/z (M+Na)+ calcd
for C18H13NNaO3 314.0788, found 314.0790.

(4H-Furo[3,2-b]indol-4-yl)(3-methoxyphenyl)methanone (4l):
292.3 mg (87% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 65.8−66.2 °C; IR
(neat) νmax 2939, 1683, 1307, 1040, 748 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.46−8.44 (m, 1H), 7.68−7.65 (m, 1H), 7.43 (t, J = 7.8
Hz, 1H), 7.37−7.32 (m, 3H), 7.29−7.26 (m, 1H), 7.24−7.23 (m,
1H), 7.15 (dd, J = 8.3, 2.4 Hz, 1H), 5.67 (d, J = 1.8 Hz, 1H), 3.84 (s,
3H); 13C{1H} NMR (75 MHz, CDCl3) δ 168.0, 159.6, 145.2, 144.3,
139.8, 136.3, 130.1, 129.7, 124.5, 124.2, 120.5, 118.6, 118.0, 117.8,
116.3, 113.1, 103.0, 55.5; HRMS (ESI−TOF) m/z [M + H]+ calcd
for C18H14NO3 292.0968, found 292.0963.

(4H-Furo[3,2-b]indol-4-yl)(4-methoxyphenyl)methanone (4m):
53.3 mg (86% yield, white solid, purified by SiO2 column
chromatography eluting 10−20% EtOAc/hexane); mp 100.6−101.0
°C; IR (neat) νmax 2989, 1670, 1300, 732 cm

−1; 1H NMR (300 MHz,
CDCl3) δ 8.42−8.36 (m, 1H), 7.76−7.71 (m, 2H), 7.69−7.64 (m,
1H), 7.35−7.29 (m, 3H), 7.04−6.99 (m, 2H), 5.86 (d, J = 2.1 Hz,
1H), 3.90 (s, 3H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.8, 162.7,
145.1, 144.1, 139.9, 131.0, 130.4, 127.0, 124.3, 123.9, 118.4, 117.6,
116.2, 113.8, 103.1, 55.5; HRMS (ESI−TOF) m/z [M + H]+ calcd
for C18H14NO3 292.096, found 292.0966.

(4H-Furo[3,2-b]indol-4-yl)(3,4,5-trimethoxyphenyl)methanone
(4n): 65.4 mg (81% yield, white solid, purified by SiO2 column
chromatography eluting 10% EtOAc/hexane); mp 102.6−103.7 °C;
IR (neat) νmax 2940, 1682, 1584, 1353, 1124, 754 cm−1; 1H NMR
(300 MHz, CDCl3) δ 8.44−8.41 (m, 1H), 7.71−7.68 (m, 1H), 7.38−
7.32 (m, 3H), 6.99 (s, 2H), 5.86 (d, J = 2.1 Hz, 1H), 3.97 (s, 3H),
3.87 (s, 6H); 13C{1H} NMR (75 MHz, CDCl3) δ 167.6, 153.2, 145.2,
144.3, 141.1, 139.8, 130.1 129.9, 124.5, 124.2, 118.5, 117.7, 116.3,
106.0, 103.1, 61.1, 56.3; HRMS (ESI−TOF) m/z (M+Na)+ calcd for
C20H17NNaO5 374.0999, found 374.0990.

(4H-Furo[3,2-b]indol-4-yl)(4-(trifluoromethoxy)phenyl)-
methanone (4o): 58.5 mg (93% yield, white solid, purified by SiO2
column chromatography eluting 5% EtOAc/hexane); mp 76.4−77.4
°C; IR (neat) νmax 2928, 1685, 1388, 1258, 753 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.45−8.42 (m, 1H), 7.80 (d, J = 8.7 Hz, 2H), 7.70−
7.67 (m, 1H), 7.40−7.32 (m, 5H), 5.66 (d, J = 1.5 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 166.8, 151.7 (q, C−F, 3JC−F = 2 Hz),
145.4, 144.6, 139.9, 133.5, 130.5, 129.7, 124.7, 124.5, 120.7, 120.3 (q,
C−F, 1JC−F = 257 Hz), 118.6, 117.8, 116.4, 102.7; HRMS (ESI−
TOF) m/z (M+Na)+ calcd for C18H10F3NNaO3 368.0505, found
368.0495.

(4-Fluorophenyl)(4H-furo[3,2-b]indol-4-yl)methanone (4p): 51.5
mg (55% yield, colorless crystal, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 98.9−99.8 °C; IR
(neat) νmax 3071, 1687, 1307, 749 cm−1; 1H NMR (400 MHz,
CDCl3) δ 8.41−8.39 (m, 1H), 7.77−7.73 (m, 2H), 7.67−7.65 (m,
1H), 7.36−7.31 (m, 3H), 7.21 (t, J = 8.8 Hz, 2H), 5.70 (d, J = 2.0 Hz,
1H); 13C{1H} NMR (100 MHz, CDCl3) δ 167.0, 164.8 (d, C−F,
1JC−F = 252 Hz), 145.3, 144.4, 139.8, 131.2, 131.1, 131.0, 129.9, 124.4
(d, C−F, 2JC−F = 24 Hz), 118.5, 117.7, 116.3, 115.8 (d, C−F, 2JC−F =
22 Hz), 102.8; 19F NMR (376 MHz, CDCl3) δ − 109.45 to −109.52
(m); HRMS (ESI−TOF) m/z [M + H]+ calcd for C17H11FNO2
280.0768, found 280.0775.

(4-Chlorophenyl)(4H-furo[3,2-b]indol-4-yl)methanone (4q): 57.9
mg (96% yield, white solid, purified by SiO2 column chromatography
eluting 5% EtOAc/hexane); mp 130.6−130.8 °C; IR (neat) νmax
3110, 1684, 1354, 1310, 1089, 748 cm−1; 1H NMR (300 MHz,
CDCl3) δ 8.42−8.39 (m, 1H), 7.68−7.64 (m, 3H), 7.52−7.49 (m,
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2H), 7.36−7.30 (m, 3H), 5.70 (d, J = 1.8 Hz, 1H); 13C{1H} NMR
(75 MHz, CDCl3) δ 167.0, 145.3, 144.4, 139.8, 138.2, 133.4, 130.0,
129.7, 128.9, 124.6, 124.4, 118.5, 117.7, 116.3, 102.8; HRMS (ESI−
TOF) m/z [M + H]+ calcd for C17H11ClNO2 296.0473, found
296.0475.
(2-Bromophenyl)(4H-furo[3,2-b]indol-4-yl)methanone (4r): 24.3

mg (30% yield, brown solid, purified by SiO2 column chromatography
eluting 5−10% EtOAc/hexane); mp 159.9−160.2 °C; IR (neat) νmax
3128, 1682, 1367, 752 cm−1; 1H NMR (400 MHz, CDCl3) δ 8.75 (br
s, 1H), 7.73 (d, J = 8.0 Hz, 1H), 7.68−7.66 (m, 1H), 7.54−7.44 (m,
3H), 7.38−7.29 (m, 3H), 5.02 (br s, 1H); 13C{1H} NMR (100 MHz,
CDCl3) δ 165.9, 145.7, 144.8, 139.4, 137.8, 133.2, 131.8, 129.3, 128.4,
127.9, 124.9, 124.8, 119.6, 119.0, 118.3, 116.4, 101.8; HRMS (ESI−
TOF) m/z [M + H]+ calcd for C17H11

75BrNO2 339.9968, found
339.9968.
(4-Bromo-2-fluorophenyl)(4H-furo[3,2-b]indol-4-yl)methanone

(4s): 31.2 mg (45% yield, white solid, purified by SiO2 column
chromatography eluting 5% EtOAc/hexane); mp 174.8−175.3 °C; IR
(neat) νmax 3085, 2853, 1675, 1604, 1371, 753 cm−1; 1H NMR (300
MHz, CDCl3) δ 8.52 (br s, 1H), 7.71−7.68 (m, 1H), 7.55−7.48 (m,
3H), 7.43−7.36 (m, 3H), 5.61 (br s, 1H); 13C{1H} NMR (75 MHz,
CDCl3) δ 162.6, 159.0 (d, C−F, 1JC−F = 255 Hz), 145.7, 144.9, 139.5,
130.5 (d, C−F, 3JC−F = 4 Hz), 129.1, 128.2 (d, C−F, 3JC−F = 4 Hz),
126.0 (d, C−F, 3JC−F = 9 Hz), 124.9 (d, C−F, 3JC−F = 6 Hz), 123.2
(d, C−F, 2JC−F = 17 Hz), 120.4, 120.1, 118.9, 117.8, 116.5, 101.9; 19F
NMR (376 MHz, CDCl3) δ − 114.26 to −114.30 (m); HRMS (ESI−
TOF) m/z [M + H]+ calcd for C17H10

79BrFNO2 357.9873, found
357.9881.
4-(4H-Furo[3,2-b]indole-4-carbonyl)benzonitrile (4t): 56.5 mg

(72% yield, white solid, purified by SiO2 column chromatography
eluting 50% DCM/hexane to 20% EtOAc/hexane); mp 171.3−171.7
°C; IR (neat) νmax 3352, 2976, 1647, 1045, 879 cm

−1; 1H NMR (300
MHz, CDCl3) δ 8.44−8.41 (m, 1H), 7.88−7.82 (m, 4H), 7.72−7.67
(m, 1H), 7.42−7.34 (m, 3H), 5.56 (d, J = 0.9 Hz, 1H); 13C{1H}
NMR (75 MHz, CDCl3) δ 166.1, 145.6, 144.9, 139.8, 139.1, 132.5,
129.3, 129.0, 125.0, 124.9, 118.8, 117.8, 117.7, 116.6, 115.5, 102.5;
HRMS (ESI−TOF) m/z [M + H]+ calcd for C18H11N2O2 287.0815,
found 287.0818.
(4H-Furo[3,2-b]indol-4-yl)(4-nitrophenyl)methanone (4u): 68.3

mg (84% yield, yellow solid, purified by SiO2 column chromatography
eluting 30−50% DCM/hexane); mp 147.9−148.4 °C; IR (neat) νmax
3077, 1685, 1525, 1308, 754 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.40−8.37 (m, 3H), 7.90−7.87 (m, 2H), 7.68−7.66 (m, 1H), 7.37−
7.34 (m, 3H), 5.56 (s, 1H); 13C{1H} NMR (75 MHz, CDCl3) δ
165.8, 149.6, 145.6, 144.9, 140.8, 139.7, 129.4, 129.2, 125.0, 124.9,
123.9, 118.8, 117.8, 116.6 102.5; HRMS (ESI−TOF) m/z [M + H]+

calcd for C17H11N2O4 307.0713, found 307.0718.
Cyclohexyl(4H-furo[3,2-b]indol-4-yl)methanone (4v): 16.0 mg

(25% yield, yellow oil, purified by SiO2 column chromatography
eluting 5% EtOAc/hexane); IR (neat) νmax 2931, 1699, 1268, 753
cm−1; 1H NMR (300 MHz, CDCl3) δ 8.65−8.63 (m, 1H), 7.67−7.64
(m, 1H), 7.57 (d, J = 2.1 Hz, 1H), 7.35−7.29 (m, 2H), 6.67 (d, J =
1.8 Hz, 1H), 3.04 (tt, J = 11.4, 3.3 Hz, 1H), 2.08−2.04 (m, 2H),
1.97−1.92 (m, 2H), 1.82−1.64 (m, 3H), 1.51−1.25 (m, 3H);
13C{1H} NMR (75 MHz, CDCl3) δ 174.7, 145.8, 144.6, 139.6, 128.0,
124.8, 123.9, 118.3, 118.0, 116.1, 102.8, 44.4, 29.0, 25.75, 25.71;
HRMS (ESI−TOF) m/z [M + H]+ calcd for C17H18NO2 268.1332,
found 268.1339.
Phenyl(2-phenyl-4H-furo[3,2-b]indol-4-yl)methanone (4x): 49.7

mg (94% yield, white solid, purified by SiO2 column chromatography
eluting 5−10% EtOAc/hexane); mp 169.5−169.8 °C; IR (neat) νmax
2923, 1679, 1442, 1367, 758 cm−1; 1H NMR (300 MHz, CDCl3) δ
8.42−8.40 (m, 1H), 7.76−7.74 (m, 2H), 7.71−7.64 (m, 2H), 7.60−
7.54 (m, 4H), 7.37−7.30 (m, 4H), 7.27−7.22 (m, 1H), 5.85 (s, 1H);
13C{1H} NMR (75 MHz, CDCl3) δ 168.1, 156.7, 143.8, 139.7, 135.1,
131.9, 131.7, 130.7, 128.7, 128.6, 128.5, 127.9, 124.5, 124.4 123.8,
118.5, 117.7, 116.2, 97.6; HRMS (ESI−TOF) m/z [M + H]+ calcd
for C23H16NO2 338.1176, found 338.1175.
(2-(4-Methoxyphenyl)-4H-furo[3,2-b]indol-4-yl)(phenyl)-

methanone (4y): 30.5 mg (73% yield, yellow solid, purified by SiO2

column chromatography eluting 5% EtOAc/hexane); mp 176.0−
176.5 °C; IR (neat) νmax 2925, 1683, 1255, 1023, 798 cm

−1; 1H NMR
(300 MHz, CDCl3) δ 8.42−8.39 (m, 1H), 7.77−7.74 (m, 2H), 7.69−
7.64 (m, 2H), 7.58−7.50 (m, 4H), 7.38−7.27 (m, 2H), 6.91−6.86
(m, 2H), 5.72 (s, 1H), 3.81 (s, 3H); 13C{1H} NMR (75 MHz,
CDCl3) δ 168.2, 159.5, 156.9, 143.2, 139.4, 135.2, 131.9, 131.8, 128.6,
128.5, 125.3, 124.3, 124.1, 123.7, 118.6, 117.6, 116.0, 114.2, 96.2,
55.3; HRMS (ESI−TOF) m/z [M + Na]+ calcd for C24H17NNaO3
390.1101, found 390.1096.
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