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ABSTRACT: Two eflicient processes based on the iodocyc-
lization of ynamides have been developed: (i) N-alkynyl tert-
butyloxycarbamates were found to undergo a rare 6-exo-dig
ring closure reaction affording 1,3,5-oxadiazin-2-ones by using
acetonitrile as solvent; (ii) In the absence of acetonitrile, N-
alkynyl tert-butyloxycarbamates could undergo S-endo-dig
cyclization providing oxazolones.

ynthesis and functionalization of heterocycle and carbo-

cycle systems through electrophilic iodocyclization are one
of the most important areas in current organic syntheses.'
Compared with traditional alkyne/alkene activation with
Bronsted acids and metal catalysts, electrophilic iodocyclization
provides a more convenient and effective method for molecular
design because this activation method leads to the synthesis of
iodo-containing heterocycle or carbocycle derlvatlves, which are
versatile precursors in many synthetic processes.” Meanwhile,
cyclic carbamates are a very popular and important class of
heterocyclic compounds which have been widely applied in
pharmaceuticals3 and chiral auxiliaries.* Thus, tremendous
efforts have been devoted to the development of versatile
methods for constructing these cyclic carbamates. And the most
general method focuses on the cyclization of different types of
starting materials, such as N- Boc—protected alkynyl amines,” N-
alkynyl tert-butyloxycarbamates,® and others.” Given the great
importance of electrophilic iodocyclization, development of a
practical, efficient iodocyclization for the preparation of these
target cyclic carbamates is highly desirable. For instance, a
halogen-mediated regioselective cyclization of N-Cbz- protected
propargylic amines has been previously described by Pedro®®
al. for the first time, which affords the cyclic carbamates, 13
oxazin-2-ones.

Ynamides and thelr derivatives are versatile building blocks in
organic synthe51s For example, transition metal (e.g, Au, Pd,
Cu) catalyzed cycloisomerization of the N-alkynyl tert-
butyloxycarbamates is an efﬁc1ent approach to the synthesis
of polysubstituted oxazolones.® Keeping the importance of
electrophilic iodocyclization in mind, we hoped to investigate
whether such a cycloisomerization could be mediated by less
expensive and less toxic iodine-containing reagents. Followmg
our ongoing efforts in exploring the reactivity of ynamldes, we
now report that 1,3,5-oxadiazin-2-ones and oxazolones could be
efficiently synthesized through regioselective iodocyclization of
N-alkynyl tert-butyloxycarbamates, based on the solvent
controlled 6-exo-dig and S-endo-dig cyclization, respectively.

We began our study with the iodocyclization of the ynamide
la with NIS (1.5 equiv) and anhydrous CH;CN, which was
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transformed into unforeseen (E)-3-benzyl-4-(iodo(phenyl)-
methylene)-6-methyl-3,4-dihydro-2H-1,3,5-oxadiazin-2-one 2a
in 41% isolated yield (Scheme 1). In addition, the stereo-

Scheme 1. Unexpected Intermolecular 6-exo-dig
Iodocyclization with Unusual Stereoselectivity
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chemistry was confirmed via single-crystal X-ray diffraction (for
details, see the Supporting Information). Importantly, 1,3,5-
oxadiazin-2-ones are classic and important six-membered
heterocyclic compounds which are widely present in several
areas, such as nature compounds and weight promoters.'®
However, due to the lack of methods for the synthesis of 1,3,5-
oxadiazin-2-ones,'" further application of the derivatives
mentioned above has been restricted. Thus, development of
efficient, convenient methods to synthesize 1,3,5-oxadiazin-2-
ones under mild reaction conditions is necessary.

Therefore, the 6-exo-dig cyclization conditions were opti-
mized. First, the use of other solvents such as THF (25%),
toluene (30%), DCM (5%), DEM (24%), DMF (11%), and
1,4-dioxane (15%) was found to be less productive than
CH,CN (Table 1, entries 1—7). Next, additive bases such as
K,COj; and K;PO, did furnish 2a in low yield probably due to
the base leading to the ring opening of 1,3,5-oxadin-2-ones
(Table 1, entries 8— 9) Lewis acids, such as ZnCl,, FeCl,,"
Cul, and BF;-Et,0,"* were also examined; BF;-Et,0 showed
higher activity (Table 1, entries 10—13). The employment of
1.0 equiv of BF;-Et,O gave the highest yield of 2a (Table 1,
entries 14—15). To our delight, when protected from light, this
reaction afforded the product 2a in 82% yield probably due to
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Table 1. Optimization of the Reaction Conditions” for 1a

% I._Ph
S NiS T
Ph +  CH4CN __odditve | N n-En
1 solvent, N, rt
1a = /I\ga/go
entry additive (equiv) solvent yield (%)
1 - CH,CN 41
2 - THF 25
3 — toluene 30
4 - DCM s
5 - DEM 24
6 - DMF 11
7 — 1,4-dioxane 15
8 K,CO; (1.0) CH,CN 13
9 K,PO, (1.0) CH,CN 18
10 FeCl, (0.5) CH,CN 44
11 ZnCl, (0.5) CH,CN 23
12 Cul (0.5) CH,CN 41
13 BF,-Et,0 (0.5) CH,CN s1
14 BF,-Et,0 (1.0) CH,CN 65
15 BE,-Et,0 (2.0) CH,CN 53
16° BF,-Et,0 (1.0) CH,CN 82
175¢ BF,-Et,0 (1.0) CH,CN 63
1854 BF,-Et,0 (1.0) CH,CN 59
19%¢ BF,-Et,0 (1.0) CH,CN trace

“The reaction was carried out with 1a (0.30 mmol), NIS (1.5 equiv),
additive (0.5—2.0 equiv), and CH;CN (30 mmo), if applicable) in
solvent (2.0 mL) under N, conditions. YUnder dark conditions. 1.0
equiv NIS loading. 92,0 equiv NIS loading. “2.0 equiv of I, instead of
NIS.

the instability of the iodoethylenic bond (Table 1, entry 16)."
The effect of NIS loading showed that 1.5 equiv of NIS gave
the highest yield (82%) (Table 1, entries 17—18). Yet, when I,
was added, almost no 1a was observed to be consumed (Table
1, entry 19).

Under the optimized reaction conditions, we examined the
scope and generality of various ynamides in this transformation,
and the results are summarized in Scheme 2. Functional groups
such as bromo and methoxy substituted on the aryl ring were
tolerated and readily gave the corresponding 1,3,5-oxadiazin-2-
ones in 73—84% vyields (Scheme 2, 2c—2d). Under the
recommended reaction conditions, tert-butyl N-phenyl-N-
(phenylethynyl)carbamate le also worked well, leading to
(E)-4-(iodo(phenyl)methylene)-6-methyl-3-phenyl-3,4-dihy-
dro-2H-1,3,5-oxadiazin-2-one 2e in 73% yield (Scheme 2, 2e).
Furthermore, methyl was well tolerated at the ortho, meta, and
para position on the N-aryl ring, and the desired products could
be isolated in good yields (Scheme 2, 2f—2h). Substrates with
F, Cl, or Br groups on the N-aromatic ring gave the desired
products 2i—2l in moderate to good yields (58%—81%). Alkyl-
substituted ynamides could also give moderate yields (43—
46%) successfully under the reaction conditions, and the yield
was probably not affected by the length of the alkyl chain
(Scheme 2, 2m, 2n). Ynamides with a N-butyl or N-isopropyl
could also succeed in producing the desired 1,3,5-oxadiazin-2-
ones in moderate yields (Scheme 2, 20—2p). Under the
recommended reaction conditions, a substrate possessing a 2-
naphthyl group on the N-atom furnished the desired products
in 57% vyield (Scheme 2, 2q). 1r with strong electron-
withdrawing groups such as trifluoromethyl substituents in
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Scheme 2. Intermolecular 6-exo-dig Cyclization”
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2f: R=0-Me, 3 h, 68%
2g: R=m-Me, 3 h,77%
2h: R =p-Me, 3 h, 69%
2i:R=m-F,5h,72%
2j:R=m-Cl,5h, 81%
2k:R=m-Br,5h, 81%

2l: R=p-Cl, 5 h, 58%
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2m: R" = n-C4Hg (3 h, 46%) 20: R? = n-C4Hg (3 h, 54%)
2n: R' = n-CgHy7 (3 h, 43%) 2p: R? = isopropyl (3 h, 48%)
2q: R? = 2-naphthyl (8 h, 57%)

“Reaction conditions: 1 (0.3 mmol), NIS (1.5 equiv), and BF;-OEt,
(1.0 equiv) in CH;CN (2.0 mL) at rt.

the N- aryl ring furnished the desired product 2r in 66%
yields.'® Unfortunately, it proved to be unstable and could not
be isolated.

So far, we have failed to find any evidence that iodine
mediated cycloisomerization of ynamides la could be
successfully carried out as we previously assumed. Thus, we
inferred benzyl-substituted iodo-oxazolone 3a was probably
unstable as Gagosz™ reported (Scheme 3). Taking this into

Scheme 3. Reaction of 1a and 1r
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consideration, we began to examine other substrates that would
produce stable iodo-oxazolones. To our delight, ynamide 1r
could give the stable product oxazolone 4-iodo-S-phenyl-3-(3-
(trifluoromethyl)phenyl)-3H-oxazol-2-one 3r in 70% isolated
yield using DCM as solvent (Scheme 3).

Next, further studies were undertaken to identify general
reaction conditions for the intramolecular iodocyclization using
1r as a model substrate. Other bases such as K;PO,, Na,CO;,
and Et;N show unsatisfactory results (Table 2, entries 2—4). A
similar yield of 83% was obtained when 2.0 equiv of K,CO,
were added (Table 2, entry S). The effect of the loading of NIS
showed that 2.0 equiv of NIS gave the highest yield (Table 2,
entries 6—7). Additionally, the activity of I, was also tested and
nearly no la was observed to be consumed (Table 2, entry 8).

We set out to explore the scope of the ynamides for
intramolecular iodocyclization (Scheme 4). Ynamide 1le also
afforded the desired intramolecular S-endo-dig cyclization
product 3e in 63% yield (Scheme 4, 3e). It is noteworthy

4
0

3r
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Table 2. Optimization of the Intramolecular Iodocyclization
Conditions” for 1r
Ul

Boc
< > — N base
anhydrous DCM, Np, rt
CF3

oA

N
—
©/\<l
3r

1r

entry [1] (equiv) base (equiv) yield (%)
1 NIS (1.5) K,CO; (1.0) 82
2 NIS (1.5) Na,CO, (1.0) 62
3 NIS (1.5) K4PO, (1.0) 56
4 NIS (1.5) Et:N (1.0) 26
S NIS (1.5) K,CO; (2.0) 83
6 NIS (2.0) K,CO, (1.0) 87
7 NIS (1.2) K,CO; (1.0) 67
8 L, (1.0) K,CO; (1.0) trace

“The reaction was carried out with 1r (0.30 mmol), [I], base, and
DCM (2.0 mL) under N, conditions. ®Yield was determined by 'H
NMR on the crude reaction mixture using 1,3,5-trimethylbenzene as
an internal standard.

Scheme 4. Intramolecular S-endo-dig Cyclization®
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3t R =0-Me, 6 h, yield: 55%

3i:R=F, 6 h, yield: 61%
3g R =m-Me, 6 h,yield: 51%  3j: R=CI, 6 h, yield: 62%
3h R = p-Me, 6 h, yield: 40%

3k: R=Br, 8 h, yield: 72%
A o
\/\)O\<N
R

3r: R=CF, 6 h, yield: 76%
3m (12 h, NR)

3e (6 h, yield: 83%)

rc
o8

3q (8 h, yield: 53%)

o//?N J_/

30 (12 h, NR}

“Reaction conditions: 1 (0.3 mmol), NIS (2.0 equiv), and K,CO; (1.0
equiv) in DCM (2.0 mL) at rt; NR = no reaction.

that various ynamides with methyl on the ortho, meta, and para
positions of the N-aryl ring were converted into the
corresponding products in 40—45% yields. And ynamide with
methyl on the para-position of the N-aryl ring gave a lower
yield compared with either the meta- or ortho-substituted
product (Scheme 4, 3f—3h). Ynamides with halogen groups,
such as F, Cl, and Br, substituted on the meta position of the N-
aryl ring were able to be converted to the corresponding
oxazolones in 61—72% yields (Scheme 4, 3i—3k), and an
ynamide with a strongly electron-withdrawing group gave a
higher yield (Scheme 4, 3r). Under the recommended reaction
conditions, a substrate possessing a 2-naphthyl group on the N-
atom (Scheme 4, 3q) gave the desired product in 53% yield. In
contrast, attempted intramolecular iodocyclization reactions
with an n-butyl-substituted (1m) or N-(n-butyl)-substituted
(10) ynamides failed to provide the corresponding oxazolones.
The structure of 3e was further confirmed via single-crystal X-
ray diffraction (for details, see the SI).

Iodo-containing 1,3,5-oxadiazin-2-ones and oxazolones pre-
pared by this method offer great potentlal as precursors for the
synthesis of new bioactive products.'” 1,3,5-Oxadiazin-2-ones
2a was able to undergo a Sonogashira coupling reaction to
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provide 4a in 75% vyield and Heck coupling to give the
corresponding diene Sa in 49% yield. 4-iodo-oxazolones 3e
could also easily undergo an array of transformations. For
example, Suzuki—Miyaura coupling reaction affords compound
4e, Heck reaction provides compound Se, and Sonogashira
coupling reaction gives 3,4,5-trisubstituted oxazolone 6e

(Scheme 5).

Scheme 5. Synthesis of Cyclic Carbamate Derivatives
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On the basis of previous reports, we propose the following
plausible mechanisms for the formation of 1,3,5-oxadiazin-2-
ones 2 and oxazolones 3. In the presence of iodine as a weak
Lewis acid, 1 produces the iodonium intermediate A,"* which
can be nucleophilically attacked by acetonitrile to produce iodo
alkenyl intermediates B."* And B, undergoing the 6-endo-dig
ring closure reaction, affords cationic species C. Fragmentation
of the C—O bond of the tert- butyloxy group in C then leads to
the formation of oxazolones Z-2." Z-2 undergoes stereo-
mutation to give the thermodynamically more stable E-2
(Scheme 6, path I).*° On the other hand, the cationic species D

Scheme 6. Proposed Mechanism for the Iodocyclization
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could be formed from a direct intramolecular nucleophilic
attack on A. Similarly, fragmentation of the C—O bond of the
tert-butyloxy group in D then leads to the formation of
oxazolones 3 (Scheme 6, path II).

In summary, we have developed two novel and efficient
protocols for the synthesis of 1,3,5-oxadiazin-2-ones and
oxazolones based on the iodocyclization of ynamides. To the
best of our knowledge, this is not only the first iodocyclization
of ynamides giving iodo-1,3,5-oxadiazin-2-ones but also a
transition-metal-free cyclization of N-alkynyl tert-butyloxycar-
bamates giving oxazolones. Moreover, an iodine among the
products provides an attractive and useful route to introduce
new groups for the synthesis of new bioactive products. Further
studies on iodine-mediated C—C, C—N, and C—O bond
formations of ynamides are being conducted in our laboratory
and will be reported in due course.
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