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A selective b-fragmentation of homoallylamines with the combination of iodobenzene diacetate, iodine,
and sodium acetate is reported. The desired carbon–carbon bond cleavage proceeded via a radical b-scis-
sion pathway under mild conditions with good functional group tolerance.

� 2010 Elsevier Ltd. All rights reserved.
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The selective cleavage of saturated carbon–carbon bonds is a to-
pic of interest in organic synthesis.1,2 b-Scission of alcohols under
radical conditions has been thoroughly investigated and widely
used to provide a simple and classic way to a wide range of com-
pounds.3,4 b-Scission of cycloalkyloxyl radicals with small ring size
leads to the ring opening to yield medium- and large-sized carbon-
and hetero-cycles.5 For the alkoxyl radicals with an adjacent func-
tionality, the b-scission gives rise to stable carbon radicals, which
are ready to be oxidized and trapped by nucleophiles.6 However,
to the best of our knowledge, compared to the extensive studies
on the alkoxyl radical fragmentation (ARF), carbon–carbon b-scis-
sion of amines has been a particularly elusive reaction and received
much less scrutiny.

In our previous papers, we have reported the intra- and inter-
molecular amination of sp3 C–H bonds with sulfonamides with
the combination of PhI(OAc)2 and I2 under the transition-metal-
free conditions.7 Sulfonamidyl radicals,8 which are generated from
the reactions of sulfonamides with acetyl hypoiodite,9 are pro-
posed as the reactive intermediates. With the aim of extending this
approach, we investigated the b-scission of sulfonamidyl radicals
(Scheme 1).

Preliminary survey was carried out under the Suárez cleavage
conditions (2 equiv of PhI(OAc)2 and 1 equiv of I2 in Cl(CH2)2Cl at
room temperature) and various N-Ts amines were examined
(Scheme 2).10 The formation of sulfonimine 11a was only observed
in the reaction of N-Ts homoallylamine 10a, albeit in a low yield
(6% yield, determined by the 1H NMR spectroscopy of the unpurified
reaction mixture). Additionally, the reaction afforded an unexpected
cyclization product 12, which was assigned as 3-iodo-5-phenyl-1-
tosylpyrrolidin-2-yl acetate, in 31% yield. Its structure and relative
stereochemistry were unambiguously established by its single-crys-
tal diffraction analysis (Fig. 1).
ll rights reserved.
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The preliminary results indicated that the b-scission of homoal-
lylamine is particularly favorable due to the generation of a stable
allylic radical (Scheme 3). However, the allyl group is also reactive
to acetyl hypoiodite to give rise to an iodoacetoxylation product II.
In the presence of another molecular acetyl hypoiodite, intermedi-
ate II is further converted into the corresponding sulfonamidyl rad-
ical III, which is ready to undergo the subsequent 1,5-H migration,
oxidation, and cyclization to afford 3-iodo-5-phenyl-1-tosylpyrr-
olidin-2-yl acetate 12.

Based on the analysis of reaction pathway, we supposed that
acids (HOAc and HI), which were generated in the reaction, might
protonate the amine group of substrate to inhibit the formation of
sulfonamidyl radical I. To verify our hypothesis, a set of experi-
ments were carried out. When 1 equiv of AcOH was added, no sul-
fonimine was detected (Table 1, entry 1). On the contrary, the
presence of an inorganic base promoted the formation of sulfonim-
ine (Table 1, entries 2–4). With the addition of 2 equiv of NaOAc,
the yield of 11a increased to 28%. Due to their sensitivity to the oxi-
dative conditions, organic bases were not good to the reaction (Ta-
ble 1, entries 5 and 6). Although lower temperatures slowed down
the reaction (5 min at 25 �C, 30 min at 0 �C, 75 min at �10 �C), the
yield of 11a was dramatically improved to 65% when the reaction
was carried out at 0 �C (Table 1, entry 7). A longer reaction time re-
sulted in the decomposition of sulfonimine (Table 1, entry 9). The
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Scheme 2. b-Scission of N-Ts amines.

Figure 1. X-ray diffraction structure of 12.
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Scheme 3. A plausible reaction pathway.

Table 1
Evaluation of reaction conditionsa

Ph

NHTs

Ph

NTsPhI(OAc)2, I2, additive

conditions
11a

Entry DIB (equiv) I2 (equiv) Additive (equiv) Conditions 11ab (%)

1 2 1 HOAc (1) Cl(CH2)2Cl, 25 �C 0
2 2 1 NaOAc (2) Cl(CH2)2Cl, 25 �C 28
3 2 1 K2CO3 (2) Cl(CH2)2Cl, 25 �C 21
4 2 1 t-BuOK (2) Cl(CH2)2Cl, 25 �C 23
5 2 1 DBU (2) Cl(CH2)2Cl, 25 �C 0
6 2 1 Et3N (2) Cl(CH2)2Cl, 25 �C 0
7 2 1 NaOAc (2) Cl(CH2)2Cl, 0 �C 65
8 2 1 NaOAc (2) Cl(CH2)2Cl, �10 �C 41
9 2 1 NaOAc (2) Cl(CH2)2Cl, 0 �C 12c

10 2 1 NaOAc (3) Cl(CH2)2Cl, 0 �C 55
11 2 1 NaOAc (1) Cl(CH2)2Cl, 0 �C 73
12 2 1 NaOAc (0.5) Cl(CH2)2Cl, 0 �C 48
13 3 1 NaOAc (1) Cl(CH2)2Cl, 0 �C 46
14 1 1 NaOAc (1) Cl(CH2)2Cl, 0 �C 73
15 0.5 1 NaOAc (1) Cl(CH2)2Cl, 0 �C 43
16 1 2 NaOAc (1) Cl(CH2)2Cl, 0 �C 25
17 1 0.5 NaOAc (1) Cl(CH2)2Cl, 0 �C 81
18 1 0.5 NaOAc (1) CH2Cl2, 0 �C 56
19 1 0.5 NaOAc (1) Toluene, 0 �C 18
20 1 0.5 NaOAc (1) CH3CN, 0 �C 41
21 1 0.5 NaOAc (1) MeOH, 0 �C 0
22 1 0.5 NaOAc (1) DMF, 0 �C 0

a The reactions were performed with 10a (0.2 mmol), PhI(OAc)2, I2, and additive
(as noted) in solvent (1 mL).

b Yields were determined by the 1H NMR spectroscopy of the unpurified reaction
mixture with Br(CH2)2Br as the standard.

c The reaction was stirred at 0 �C for 2 h.

Table 2
b-Scission of homoallylaminesa

N
(1 equiv) PhI(OAc)2

(0.5 equiv) I2, (1 equiv) NaOAc

Cl(CH2)2Cl, 0 ºC 

H R1

R2

N
R1

R2

1110

Entry R2 R1 11 Yieldb (%)

1 C6H5 Ts 11a 75
2 C6H5 PhSO2 11b 71
3 C6H5 CH3SO2 11c —
4 C6H5 CF3SO2 11d —
5 C6H5 tert-BuSO2 11e —
6 C6H5 PhCO 11f —
7 C6H5 CF3CO 11g —
8 p-CH3O–C6H4 Ts 11h 60
9 o,m-Di-CH3O–C6H3 Ts 11i 50

10 p-CH3–C6H4 Ts 11j 61
11 p-F–C6H4 Ts 11k 58
12 p-Br–C6H4 Ts 11i 63
13 p-Cl–C6H4 Ts 11m 66
14 o-Cl–C6H4 Ts 11n 30
15 1-Naphthyl Ts 11o 71
16 2-Furan Ts 11p 50
17 2-Thiophen Ts 11q 83
18 2-Pyridin Ts 11r —
19 i-Bu Ts 11s —
20 t-Bu Ts 11t —

a The reactions were performed with substrate 10 (2 mmol), PhI(OAc)2 (2 mmol),
I2 (1 mmol), and NaOAc (2 mmol) in anhydrous Cl(CH2)2Cl (10 mL).

b Isolated yields.
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amounts of reagents were optimized (Table 1, entries 10–17). The
best ratio of substrate, AcONa, PhI(OAc)2, and I2 was 1:1:1:0.5, with
which the yield of 1 increased to 81%. Sulfonimine also was formed
in CH2Cl2, toluene, and CH3CN, but not in MeOH and DMF (Table 1,
entries 18–22).

While homoallylic benzenesulfonamides were effective sub-
strates for the b-scission, the reactions of some other sulfonyla-
mides and amides did not afford any sulfonimines (Table 2,
entries 1–7).11 The reaction was found to tolerate a range of differ-
ent substituents with different electronic demands on the aromatic
rings involving electron withdrawing and electron donating (Table
2, entries 8–15). The position of the substituent had an influence
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on the yields of sulfonimines. For example, reaction of p-chloro
substituted substrate gave rise to sulfonimine 11m in 66% yield,
while reaction of o-chloro-substituted substrate afforded the cor-
responding product 11n in 30% yield. With respect to the hetaryl
substrates (Table 2, entries 16–18), 1-furan-2-yl and 1-thiophen-
2-yl homoallylamines are suitable substrates in this process and
the desired products were isolated in moderate to good yields,
while no sulfonimine was obtained for the reaction of 1-pyridin-
2-yl homoallylamine. When enolizable or nonenolizable aliphatic
derivatives were employed under the conditions, no sulfonimines
were detected (Table 2, entries 19 and 20). However, the analysis
of the unpurified reaction mixtures by 1H NMR spectroscopy indi-
cated the generation of TsNH2 and the corresponding aldehydes.

The aryl N-sulfonylimines formed in the b-scission reactions
were ready to undergo subsequent reactions with diethyl malonate
and dimethyl acetylenedicarboxylate without further purification
(Scheme 4).

In conclusion, we have described a selective base-promoted
b-fragmentation of homoallylamines with the combination of
iodobenzene diacetate with iodine. The desired carbon–carbon
bond cleavage proceeded via a radical b-scission pathway under
mild conditions with good functional group tolerance. Further
studies on the application of this system are ongoing and will be
reported in due course.
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3. (a) Kochi, J. K. J. Am. Chem. Soc. 1962, 84, 1193; (b) Greene, F. D.; Savitz, M. L.;
Osterholtz, F. D.; Lau, H. H.; Smith, W. N.; Zanet, P. M. J. Org. Chem. 1963, 28, 55;
(c) Walling, C.; Clark, R. T. J. Am. Chem. Soc. 1974, 96, 4530; (d) Mendenhall, G.
D.; Stewart, L. C.; Scaiano, J. C. J. Am. Chem. Soc. 1982, 104, 5109; (e) Banks, J. T.;
Scaiano, J. C. J. Am. Chem. Soc. 1993, 115, 6409; (f) Avila, D. V.; Brown, C. E.;
Ingold, K. U.; Lusztyk, J. J. Am. Chem. Soc. 1993, 115, 466; (g) Wilsey, S.; Dowd,
P.; Houk, K. N. J. Org. Chem. 1999, 64, 8801.

4. (a) Nakamura, T.; Busfield, W. K.; Jenkins, I. D.; Rizzardo, E.; Thang, S. H.;
Suyama, S. J. Org. Chem. 2000, 65, 16; (b) Horner, J. H.; Choi, S.-Y.; Newcomb, M.
Org. Lett. 2000, 2, 3369; (c) Yoshimitsu, T.; Yanagisawa, S.; Nagaoka, H. Org. Lett.
2000, 2, 3751; (d) Baciocchi, E.; Bietti, M.; Salamone, M.; Steenken, S. J. Org.
Chem. 2002, 67, 2266; (e) Yoshimitsu, T.; Sasaki, S.; Arano, Y.; Nagaoka, H. J. Org.
Chem. 2004, 69, 9262; (f) Antunes, C. S. A.; Bietti, M.; Lanzalunga, O.; Salamone,
M. J. Org. Chem. 2004, 69, 5281; (g) Bietti, M.; Gente, G.; Salamone, M. J. Org.
Chem. 2005, 70, 6820; (h) Aureliano Antunes, C. S.; Bietti, M.; Ercolani, G.;
Lanzalunga, O.; Salamone, M. J. Org. Chem. 2005, 70, 3884.

5. (a) Nishida, A.; Takahashi, H.; Takeda, H.; Takada, N.; Yonemitsu, O. J. Am. Chem.
Soc. 1990, 112, 902; (b) Suginome, H.; Ishikawa, M.; Yorita, K.; Shimoyama, N.;
Sasaki, T.; Orito, K. J. Org. Chem. 1995, 60, 3052; (c) Nishida, A.; Kakimoto, Y.-I.;
Ogasawara, Y.; Kawahara, N.; Nishida, M.; Takayanagi, H. Tetrahedron Lett.
1997, 38, 5519; (d) Lee, K.; Cha, J. K. Tetrahedron Lett. 2001, 42, 6019; (e) Oh, H.-
S.; Lee, H. K.; Cha, J. K. Org. Lett. 2002, 4, 3707; (f) Oh, H.-S.; Cha, J. K.
Tetrahedron: Asymmetry 2003, 14, 2911; (g) Ramesh, N. G.; Hassner, A. Eur. J.
Org. Chem. 2005, 1892; (h) Dobbeleer, C. D.; Ates, A.; Vanherk, J.-C.; Markó, I. E.
Tetrahedron Lett. 2005, 46, 3889; (i) Takasu, K.; Nagao, S.; Ihara, M. Tetrahedron
Lett. 2005, 46, 1005.

6. (a) Martín, A.; Pérez-Martı́n, I.; Suárez, E. Tetrahedron Lett. 2002, 43, 4781; (b)
Francisco, C. G.; González, C. C.; Paz, N. R.; Suárez, E. Org. Lett. 2003, 5, 4171; (c)
González, C. C.; Kennedy, A. R.; León, E. I.; Riesco-Fagundo, C.; Suárez, E. Chem.
Eur. J. 2003, 9, 5800; (d) Alonso-Cruz, C. R.; Kennedy, A. R.; Rodríguez, M. S.;
Suárez, E. Org. Lett. 2003, 5, 3729; (e) González, C. C.; León, E. I.; Riesco-
Fagundo, C.; Suárez, E. Tetrahedron Lett. 2003, 44, 6347; (f) Boto, A.; Hernández,
D.; Hernández, R.; Suárez, E. J. Org. Chem. 2003, 68, 5310; (g) Hernández, R.;
León, E. I.; Moreno, P.; Riesco-Fagundo, C.; Suárez, E. J. Org. Chem. 2004, 69,
8437; (h) Francisco, C. G.; González, C. C.; Kennedy, A. R.; Paz, N. R.; Suárez, E.
Tetrahedron: Asymmetry 2004, 15, 11; (i) Alonso-Cruz, C. R.; León, E. I.; Ortiz-
López, F. J.; Rodríguez, M. S.; Suárez, E. Tetrahedron Lett. 2005, 46, 5265; (j) Boto,
A.; Hernández, D.; Hernández, R.; Montoya, A.; Suárez, E. Eur. J. Org. Chem. 2007,
325.

7. (a) Fan, R.; Pu, D.; Wen, F. J. Org. Chem. 2007, 72, 8994; (b) Fan, R.; Li, W.; Pu, D.;
Zhang, L. Org. Lett. 2009, 11, 1425.

8. (a) Togo, H.; Hoshina, Y.; Muraki, T.; Nakayama, H.; Yokoyama, M. J. Org. Chem.
1998, 63, 5193; (b) Madsen, J.; Viuf, C.; Bols, M. Chem. Eur. J. 2000, 6, 1140; (c)
Togo, H.; Harada, Y.; Yokoyama, M. J. Org. Chem. 2000, 65, 926; (d) Boto, A.;
Hernandez, R.; Suárez, E. J. Org. Chem. 2000, 65, 4930; (e) Togo, H.; Kotohgi, M.
Synlett 2001, 565; (f) Francisco, C. G.; Herrera, A. J.; Suárez, E. J. Org. Chem. 2003,
68, 1012; (g) Martin, A.; Perez-Martin, I.; Suárez, E. Org. Lett. 2005, 7, 2027; (h)
Hu, T. S.; Shen, M. H.; Chen, Q.; Li, C. Z. Org. Lett. 2006, 8, 2647; (i) Francisco, C.
G.; Herrera, A. J.; Martín, Á.; Pérez-Martín, I.; Suárez, E. Tetrahedron Lett. 2007,
48, 6384; (j) Boto, A.; Hernandez, D.; Hernandez, R. Org. Lett. 2007, 9, 1721; (k)
Lu, H. J.; Chen, Q.; Li, C. Z. J. Org. Chem. 2007, 72, 2564; (l) Liu, F.; Liu, K.; Yuan, X.
T.; Li, C. Z. J. Org. Chem. 2007, 72, 10231; (m) Yuan, X. T.; Liu, K.; Li, C. Z. J. Org.
Chem. 2008, 73, 6166.

9. (a) Stang, P. J.; Zhdankin, V. V. Chem. Rev. 1996, 96, 1123; (b) Zhdankin, V. V.;
Stang, P. J. Chem. Hypervalent Compd. 1999, 11, 327; (c) Zhdankin, V. V.; Stang, P.
J. Chem. Rev. 2002, 102, 2523; (d) Stang, P. J. J. Org. Chem. 2003, 68, 2997; (e)
Zhdankin, V. V.; Stang, P. J. Chem. Rev. 2008, 108, 5299.

10. For selected reviews and examples on the radical additions to imines: (a)
Easton, C. J. Chem. Rev. 1997, 97, 53; (b) Friestad, G. K. Tetrahedron 2001, 57,
5461; (c) Sibi, M. P.; Manyem, S.; Zimmerman, J. Chem. Rev. 2003, 103, 3263;
(d) Miyabe, H.; Naito, T. Org. Biomol. Chem. 2004, 2, 1267; (e) Friestad, G. K.;
Mathies, A. K. Tetrahedron 2007, 63, 2541; (f) Miyabe, H.; Yoshioka, E.; Kohtani,
S. Curr. Org. Chem. 2010, 14, 1254; (g) Zhong, Y.-W.; Xu, M.-H.; Lin, G.-Q. Org.
Lett. 2004, 6, 3953.

11. General experimental procedure and spectroscopic data: A Schlenk tube with stir
bar was charged with homoallylic benzenesulfonamide (2 mmol), PhI(OAc)2

(644 mg, 2 mmol), and NaOAc (164 mg, 2 mmol). The tube was evacuated and
back-filled with argon, and then Cl(CH2)2Cl (10 mL) and I2 (254 mg, 1 mmol)
were added. The reaction mixture was allowed to stir at 0 �C until substrate
disappeared monitored by TLC. The reaction was quenched with saturated
Na2S2O3, and the reaction mixture was extracted by ethyl acetate (50 mL � 3).
The organic layer was dried over Na2SO4, concentrated, and purified by
recrystallization (hexane/ethyl acetate) to provide the desired product. N-
Benzylidene-4-methylbenzenesulfonamide 11a 1H NMR (400 MHz, CDCl3) d
9.04 (s, 1H), 7.88–7.94 (m, 4H), 7.62 (t, J = 7.5 Hz, 1H), 7.49 (t, J = 7.6 Hz, 2H),
7.35 (d, J = 8.2 Hz, 2H), 2.44 (s, 3H).


	Base-promoted selective β-fragmentation of homoa
	Acknowledgments
	References and notes


