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Reaction of o-alkynylbenzothioamide with molecular iodine was investigated. Unique benzo[c]thiophen-
1-aminium iodide was obtained when the tertiary thioamide was used as a reactant. The reaction
proceeded efficiently in less polar solvent, whereas the corresponding product was also obtained in a
polar solvent. Single crystal X-ray analysis revealed that the benzo[c]thiophen-1-aminium structure pos-
sesses a resonance structure in N-C-S bond. Its stabilization shows a clear difference in the result from
the reaction of amide analogue with iodine to give no stable compound.

© 2014 Elsevier Ltd. All rights reserved.

Synthesis of heterocyclic compounds is important to construct
natural products, biological active compounds, functional materi-
als, and other materials. lodine-mediated cyclization reaction is a
useful method to give heterocycles.! Those compounds possess
an iodine atom at the specific position. Further reactions based
on the iodine atom are applicable to produce various materials.
The reactions are included in the nucleophilic attack of heteroat-
oms toward the triple bond activated by iodine. The reactions of
carboxylic and amide groups are well known respectively as iodol-
actonization® and iodolactamization.> Heteroatoms of sp> such as
ether, amine, and thioether as well as sp? atom such as carbonyl
and imine are applicable to reactions. Imine nucleophiles report-
edly give the corresponding cyclized products such as isoquino-
lines,* quinolines, indoles, and quinolones.> Oxygen atoms on the
carbonyl group are applicable for reactions as nucleophiles. The
reaction of 2-propargylated carbonyl compounds with iodine pro-
ceeded to form furan derivatives.® The reaction of o-alkynylbenzal-
dehydes to give a pyrilium cation intermediate followed to form
various compounds such as isochromenes,” naphthalenes,”® and
a-diketones® through reaction with alcohol, alkene/alkyne, and
H,O0, respectively. Reportedly oxygen atoms on sulfoxide also act
as nucleophiles toward the triple bond activated by iodine to give
the corresponding o-diketone derivatives.!® sp* Sulfur atom also
has potential as a reactive site.'! Recently, Sashida and co-workers
reported the formation of 4-(iodoalkylidene)benzo[d][1,3]thia-
zines by the attack from sp? sulfur atom of the thiourea group.'?
Specifically regarding the metal-catalyzed reaction, the reactions
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of triple bond with thioamide in the presence of rhodium'® and
gold'* catalysis were reported to give the thiophene and thiopyry-
lium derivatives. The thermal reaction also gave the 1,3-dihydro-
benzo|c]thiophenimine derivatives.!> Nevertheless, no report
describes the reaction of thioamide groups as a nucleophile toward
the activated triple bond with iodine, although the reaction of
amide with iodine gave the corresponding isobenzofuranimines
and isochromenimines reported by Opatz and Larock (Chart 1).'°
We herein report the reaction of o-alkynylbenzothioamide (1) with
iodine to form novel benzo[c]thiophen-1-aminium iodide (2). The
reaction was able to proceed under ambient conditions. Structural
features were revealed by single crystal X-ray analysis.
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We first tried to examine the reaction of secondary thioamide
(1a). However, the 1,3-dihydrobenzo|[c]|thiophenimine derivative
(3) was obtained in 46% yield accompanied by unidentified byprod-
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Scheme 1. Reaction of precursor of 1a with Lawesson’s reagent (L.R.) to give 3, and
the structures of plausible products (3, 3", and 3").

ucts when the amide was treated with Lawesson’s reagent at room
temperature to give the corresponding thioamide (Scheme 1). The
formation of 1,3-dihydrobenzo|[c|thiophenimines with Lawesson’s
reagent under heated conditions was reported by Peng and co-
workers.!® Result of our investigation suggested that the cyclization
reaction of the secondary thioamide proceeded under ambient con-
ditions. It is possible to form four types of products (3, 3, 3", and
3"). 6-Membered cyclic products (3’ and 3”) were excluded by the
difference of melting point reported in the literature!’ (obtained
compound showed 111-112 °C, whereas 3’ and 3” showed 87 °C
and 97 °C, respectively). Specific C=N stretching vibration was de-
tected at 1590 cm~! in the IR spectrum.!” Furthermore, the peak at
164.5 ppm assigned to an imine carbon was observed in the '>C
NMR spectrum, although the peaks of thioamide moiety (195-
200 ppm) were not detectable. The other spectroscopic data were
consistent with the structure as 3 (See Supplementary data). There-
fore, we inferred the structure of the obtained compound as 1,3-
dihydrobenzo[c]thiophenimine.

We specifically examined the reaction of tertiary thioamides
that were formed safely by the reaction with Lawesson’s reagent.
When N,N-dimethyl-o-(2-phenylethynyl)benzothioamide (1b)
was treated with 1 mol-equivalent of iodine in CH3CN at room
temperature, a pale yellow precipitate was obtained (Scheme 2).
That precipitate had low solubility in various organic solvents
(CHCls, EtOAc, THF, acetone, and DMSO) and in aqueous solutions
(water, 1M aq HCl, and 1M aq NaOH). However, we were
able to measure 'H NMR spectrum in CDCl; despite its low
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Scheme 2. Reaction of 1b with iodine, single X-ray structure, and intermediate
structure (A).

concentration. A specific peak at 9.45 ppm was observed as a
doublet, which suggested that a strong electron-withdrawing
character was attached in the benzene ring. The spin-spin cou-
pling relations derived from ortho-substituted benzene (dou-
blet-triplet-triplet-doublet) were detectable between 7.87 and
9.47 ppm. Additionally, two different methyl peaks were found,
respectively, at 3.75 and 4.25 ppm. They showed the lower shift
against the starting 1b (3.18 and 3.64 ppm), which suggested
the increment of the electron deficiency of nitrogen atom.
Specifically regarding the C-N bond of thioamide in IR spectrum
(1390-1600 cm~'),'® the absorption of a longer wavenumber
(1586 cm™!) was observed against that of 1b (1520cm™'). It
showed that the shortening of the C-N bond would occur in
the product. Fortunately, we were able to obtain good crystals
from hot water for single crystal X-ray structure analysis.'® The
crystallographic structure was revealed in which the obtained
compound (2b) has a benzo[c]thiophen-1-aminium structure
with iodide as a counter anion. The C-N bond length is 1.316 A,
which is shorter than that of general C-N single bond (1.39 A)
and which is longer than that of general C-N double bond
(1.28 A).2° It is a slightly small value compared with a value of
C-N bond in the amide group (1.33-1.35 A).?° Double bond char-
acter in C-S bond of 2b (1.712 A) was revealed because the C-S
single bond is measured in 1.82 A and the C-S double bond of
thiourea is obtained as 1.68 A.2° Therefore, the resonance struc-
ture in N-C-S bonds was actually found in 2b. Its stabilization
shows a clear difference with the reaction of amide analogues
to give no stable compounds.’®® The trans alignment between I
and S atoms in the external C-C double bond was observed. That
configuration is reasonable to infer as related with the reaction
mechanism though the activation of the triple bond by coordina-
tion of molecular iodine (structure A). Based on the amount of the
collected precipitate, the yield of 2b was 37%. And the starting 1b
and byproducts was found in mother liquor.

The substituent on nitrogen atom is influenced in both forma-
tion and solubility of the benzo[c]thiophen-1-aminium compounds
(Table 1). When the reaction was conducted in CHCls, 2b was also
obtained as the precipitate with increasing the yield (entry 1).?!
N,N-Diethyl derivative (1c) formed the precipitate in the reaction
to obtain the corresponding 2¢ with a slight decrease of the yield
against 1b. Phenyl-substituted derivative (1d) also gave 2d as the
precipitate in 64% yield. When the compounds bearing long alkyl
chains (1e and 1f) were treated with iodine in CHCl3, no precipita-
tion was obtained during the reaction. After quenching with satu-
rated aq. NayS,03; to remove residual iodine, the yields of the
product were estimated from the integration of '"H NMR using an
internal standard and the sample collected from small amount of
the organic extracts. Although higher than 50% yields of
benzo[c]thiophen-1-aminium products were obtained, the de-
crease of the yield was observed after introduction of the long alkyl
chain, probably because of the bulkiness around the sulfur nucleo-
phile toward the iodine-activated triple bond. Additionally,
unidentified products were also formed. The precipitates were ob-
tained adding EtOAc into the organic extracts to isolate 2e and 2f.
The isolation yield of 2f decreased greatly because of its solubility
in EtOAc.

Finally, we examined the reaction of 1e in various solvents (Ta-
ble 2). Results show that all the examined solvent served 2e in
varying the isolated yield. The polar solvent gave lower yield in
both net and isolated ones. For THF and CHsCN, starting 1e re-
mained after the reaction for 2 days (entries 3 and 4), which sug-
gests that the reaction proceeded in a less polar solvent
efficiently. We were unable to ascertain why such a difference oc-
curred, but we suspected that the nucleophilic attack in the struc-
ture A depicted in Scheme 2 was inhibited by solvation at either
iodonium cation or thioamide moiety (or its resonance structure).
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Table 1
Reaction of 1 with iodine
Ph
4 Ph
15 (1 mol-equiv.) _
S |
S CHCl3 €
N rt.,2d N-R2
R R2 R
1 2
Entry Compound R! R? State after reaction Yield® (%) Isolated yield (%)
1 1b Me Me Precipitate formation - 77
2 1c Et Et Precipitate formation - 69
3 1d Me Ph Precipitate formation - 64
4 1e Me Bn Clear solution 63 63°
5 1f Me nHex Clear solution 57 16"

2 Determined by the integration of "H NMR analysis using m-dimethoxybenzene as an internal standard toward the concentrate of small amount of organic extracts.
b Precipitate was obtained by adding EtOAc to organic extracts and collected by the filtration, when the precipitate was not obtained after the reaction proceeded.

Table 2
Reaction of 1e with iodine in various solvents

(c) Yamamoto, Y.; Gridnev, L. D.; Patil, N. T.; Jin, T. Chem. Commun. 2009, 5075-
5087; (d) Rousseau, G.; Homsi, F. Chem. Soc. Rev. 1997, 26, 453-461.

2. (a) Ranganathan, S.; Muraleedharan, K. M.; Vaish, N. K.; Jayaraman, N.
Ph I Ph Tetrahedron 2004, 60, 5273-5308; (b) Cardillo, G.; Orena, M. Tetrahedron
4 . 1990, 46, 3321-3408; (c) Dowle, M. D.; Davies, D. I. Chem. Soc. Rev. 1979, 8,
I (1 mol-equiv.) _ 171-197.
S 24 S | 3. (a) Knapp, S. Adv. Heterocycl. Nat. Prod. Synth. 1996, 3, 57-98; (b) Campbell, C.
rt. (* L.; Hassler, C.; Ko, S. S.; Voss, M. E.; Guaciaro, M. A.; Carter, P. H.; Cherney, R.]. J.
Me/N\Bn N=-Bn Org. Chem. 2009, 74, 6368-6370; (c) Hu, T.; Liu, K.; Shen, M.; Yuan, X.; Tang, Y.;
1 Mze Li, C.J. Org. Chem. 2007, 72, 8555-8558; (d) Ma, S.; Xie, H. Tetrahedron 2005, 61,
€ e 251-258; (e) Shen, M.; Li, C. J. Org. Chem. 2004, 69, 7906-7909.
4. Ding, Q.; Chen, Z.; Yu, X.; Peng, Y.; Wu, J. Tetrahedron Lett. 2009, 50, 340-342.
Entry  Solvent State after reaction Yield® (%)  Isolated yield (%) 5. (a) Halim, R.; Aurelio, L.; Scammells, P. J.; Flynn, B. L. J. Org. Chem. 2013, 78,
. R 4708-4718; (b) Halim, R.; Scammells, P. J.; Flynn, B. L. Org. Lett. 2008, 10, 1967-
1 Toluene  Precipitate formation - 73 1970
. t .
2 CHCl3 Clear solution 63 63 6. (a) Huang, X.; Fu, W.; Miao, M. Tetrahedron Lett. 2008, 49, 2359-2362; (b)
3 THF Precipitate formation - 2% Aillaud, I.; Bossharth, E.; Conreaux, D.; Desbordes, P.; Monteiro, N.; Balme, G.
4 CH;CN Clear solution 25 16 Org. Lett. 2006, 8, 1113-1116; () Yao, T.; Zhang, X.; Larock, R. C. J. Org. Chem.
2 . . . 1 . R R 2005, 70, 7679-7685; (d) Liu, Y.; Zhou, S. Org. Lett. 2005, 7, 4609-4611.
Determined by the integration of '"H NMR analysis using m-dimethoxybenzene 7. Yue, D.; Ca, N. D.; Larock, R. C. J. Org. Chem. 2006, 71, 3381-3388
asan int‘er-nal standard tqward the cc‘mcentration of a small gmount of organic layer. 8. Barluenga, J.; Vazquez-Villa, H.; Ballesteros, A.; Gonzélez, J. M. Org. Lett. 2003, 5,
° Precipitate was obtained by adding EtOAc to the organic layer and collected by 4121-4123.
filtration when the precipitate was not obtained after the reaction proceeded. 9. Sakthivel, K.; Srinivasan, K. Eur. J. Org. Chem. 2011, 2781-2784.
10. (a) Matsumoto, S.; Shibata, H.; Akazome, M. J. Org. Chem. 2013, 78, 1650-1654;
(b) Chen, D.; Song, G.; Jia, A.; Li, X. J. Org. Chem. 2011, 76, 8488-8494.
. . . . . . 11. (a)Jiang, T.-S.; Zhang, X.-G.; Li, J.-H. Synthesis 2009, 3029-3038; (b) Hessian, K.
~ In conclusion, the reaction of tertiary benzothioamide deriva- 0.; Flynn, B. L. Org. Lett. 2003, 5, 4377-4380; (c) Yue, D.; Larock, R. C. J. Org.
tives (1) bearing triple bond at the ortho position with iodine gave Chem. 2002, 67, 1905-1909; (d) Larock, R. C.; Yue, D. Tetrahedron Lett. 2001, 42,
the corresponding benzo|c]thiophen-1-aminium iodide (2) in good 6011-6013; (e) Flynn, B. L.; Verdier-Pinard, P.; Hamel, E. Org. Lett. 2001, 3, 651-
. . . . 654.
yield. Compared with the reaction of amide analogue, sulfuratom ;¢\ (iq . Kaname, M.; Minoura, M. Tetrahedron 2013, 69, 6478-6487.
is important to stabilize the ionic structure. The various N-substi- 13. Tsuneishi, A.; Okamoto, K.; Ikeda, Y.; Murai, M.; Miki, K.; Ohe, K. Synlett 2011,
tuted compounds were achieved to form the corresponding 655-658.

B 1 _aming : : : 14. Ung, G.; Soleilhavoup, M.; Bertrand, G. Angew. Chem., Int. Ed. 2013, 52, 758-761.
benzo[c]thlophep 1-aminium salts. The reaction of 1 in varlgus 15. Ding, Q. Liu, X Wang, H.: Chen, M.. Peng, Y. Synthesis 2012, 44, 930-926.
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after the reaction proceeded. Therefore, we infer that this reaction Schlemmer, C.; Andernach, L.; Schollmeyer, D.; Straub, B. F.; Opatz, T. J. Org.
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the online version 21. Typical procedure for the reaction of 1 with I>: 2b: To a solution of 1b (0.251 g,

at http://dx.doi.org/10.1016/j.tetlet.2013.
12.094.
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0.947 mmol) in CHCl; (51 mL) was added I, (0.242 g, 0.955 mmol) at room
temperature. After being stirred for 2 d at that temperature, the precipitate
was obtained. After collection and drying in vacuo, 2b (0.381 g, 0.733 mmol)
was obtained in 77% yield as a brown solid: mp 227.4-228.0°C; 'H NMR
(CDCls, 300 MHz) 6 3.75 (s, 3H), 4.25 (s, 3H), 7.46-7.54 (m, 5H), 7.90 (t, ] = 7.3
Hz, 1H), 8.01 (t,J = 7.0 Hz, 1H), 8.46 (d, ] = 8.4 Hz, 1H), 9.45 (d, ] = 8.2 Hz, 1H); IR
(KBr disk) 3106, 1586, 1458, 1440, 1404, 1304, 1262, 766, 732, 695 cm™". Anal.
Calcd for Cy7H15IoNS-2/3CHCl5: C, 35.44; H, 2.64; N, 2.34%. Found: C, 35.12; H,
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2.44; N, 2.46%. 2e: To a solution of 1e (0.255 g, 0.747 mmol) in CHCl3 (40 mL)
was added I, (0.191 g, 0.751 mmol) at room temperature. After being stirred
for 2 d at that temperature, the reaction mixture was washed with saturated
aq. Na,S,03 (20 mL). The precipitate was obtained adding EtOAc (20 mL) into
the organic layer. After collection and drying in vacuo, 2e (0.283g,
0.0.476 mmol) as a mixture of geometric isomers (66:34) was obtained in
63% yield as brown solid: mp 161.6-162.7 °C; 'H NMR (CDCls, 300 MHz) 6 3.68

(s, 1.02H), 4.11 (s, 1.98H), 5.22 (s, 1.32H), 5.88 (s, 0.68H), 7.30-7.49 (m, 10H),
7.69 (t, ] = 8.1 Hz, 0.34H), 7.89 (t, J = 7.7 Hz, 0.66H), 7.94 (t, ] = 7.0 Hz, 0.34H),
8.00 (t, ] = 7.7 Hz, 0.66H), 8.07 (d, ] = 8.0 Hz, 0.34H), 8.57 (d, | = 8.1 Hz, 0.66H),
9.45 (d, J = 8.2 Hz, 0.34H), 9.47 (d, J = 8.3 Hz, 0.66H); IR (KBr disk) 3029, 1574,
1453, 1407, 1325, 1306, 1079, 972, 883, 766, 733, 700 cm™". Anal. Calcd for
Cy3Hi161NS-2/5H,0: C, 45.85; H, 3.31; N, 2.32%. Found: C, 45.62; H, 3.02; N,
2.31%.
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