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Rhodium-Catalyzed Rearrangement Reaction of Azabicyclo[4.1.0]heptenes
bearing Cyclopropyl and Aryl Groups to Arylhexahydroisoquinolines

Sori Son, Sun Young Kim, and Young Keun Chung*[a]

Recently, the transition metal-catalyzed cycloisomerization has
attracted much attention,[1] because it can provide useful cyclic
compounds from readily available starting materials and pro-
duce different cyclic compounds from the same substrate, de-
pending on the catalyst and reaction conditions. One of the
most studied substrates are 1,6-enynes.[2] The transition metal-
catalyzed cycloisomerization of 1,6-enynes can also lead to
a variety of different reaction products.[3] Among them, we
have been especially interested in derivatives of bicyclo-
[4.1.0]heptene because we want to use the activity of the cy-
clopropanes in further reactions.[4] In particular, when enynes,
having a cyclopropyl substituent, were used as substrates,
cyclic compounds bearing bis-cyclopropyl groups were ob-
tained easily as major products (B and B’, Scheme 1).[4f] When

the bis-cyclopropyl group was used as two three-carbon
donors in the presence of a rhodium catalyst under carbon
monoxide, bicyclic heptenones were isolated in reasonable to
high yields (Scheme 1).[4g]

Interestingly, the reaction pathway of the rhodium-catalyzed
transformation of bicyclo[4.1.0]heptenes bearing a cyclopropyl
group in the 7-position was highly dependent on the substitu-
ent in the 6-position (B’, Scheme 2).[4h] When the substituent
was an aryl, a bicyclic diene (E) was obtained as a major prod-
uct. However, when the substituent in the 6-position was an

alkyl, a monocyclic triene (F) was isolated as a major product.
Thus, the substituent on the substrate strongly influences the
structure of the reaction product. These observations urged us
to study a transformation of bicyclo[4.1.0]heptenes (B) bearing
aryl and cyclopropyl groups in 1- and 6-positions, respectively,
which had no reactivity in the [RhCl(COD)]2-catalyzed (cod =

1,5-cyclooctadiene) carbonylative [3+3+1] cycloaddition reac-
tion.[4f] However, we recently found that they are active in the
presence of cationic rhodium compounds giving a new cycliza-
tion product, arylhexahydroisoquinoline. We herein communi-
cate our new findings.

Bicyclo[4.1.0]heptene derivatives were easily obtained from
cyclopropylenynes by transition metal-catalyzed cycloisomeri-
zation reactions.[4g, 5] 6-Cyclopropylbicyclo[4.1.0]hept-2-ene de-
rivatives 1 b–16 b used in this study were easily obtained by
PtCl2-catalyzed cycloisomerization of the corresponding enynes
(1 a–16 a ; Scheme 3 and Table S1 in the Supporting Informa-
tion).[6]

In the hope of finding a new transformation of bis-cyclopro-
pane compounds into other compounds, we treated 1 a (X =

N-tosyl [NTs], R1 = H, R2 = Me) with a cationic rhodium catalyst
Rh(PPh3)2(CO)Cl/AgSbF6. However, intractable compounds were
obtained. When 2 a (X = NTs, R1 = H, R2 = Ph) was reacted with
Rh(PPh3)2(CO)Cl/AgSbF6 in 1,4-dioxane at 100 8C for 24 h, we
were able to confirm the formation of new cyclic compound
2 c in 20 % yield (Scheme 4).

Scheme 1. Transition metal-catalyzed cyclopropanation and carbonylative
cycloaddition reactions.

Scheme 2. Rhodium-catalyzed isomerisation of bicyclo[4.1.0]heptenes.

Scheme 3. Synthesis of 6-cyclopropylbicyclo[4.1.0]hept-2-ene derivatives
1 b–16 b.
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Encouraged by this observation, we screened the conditions,
including the rhodium species, counteranion, reaction solvent,
reaction time, and reaction temperature (Table 1). Yields of the
reaction were highly sensitive to the reaction solvent. When
1,2-dichloroethane was used instead of 1,4-dioxane, the yield
dramatically increased to 68 % (Entry 2). As the amount of the
catalyst used was increased, the yield also increased (Entries 3
and 4). Reaction conditions with a carbon monoxide atmos-
phere were found to be detrimental to the yield (Entry 5). The
yield of the reaction was highly dependent upon the counter-
anion (Entries 2 and 6–10). When the counteranion was NO3

�

or PF6
� (Entries 6 and 7), no reaction was observed. Moreover,

in cases of ClO4
� and TfO� , very poor yields were observed (14

and 10 % yield, respectively ; Entries 8 and 9). The BF4
� anion

was found to give the best yield in 1,2-dichloroethane (74 %;
Entry 10). We also screened other neutral and cationic rhodium
compounds, such as [Rh(CO)Cl(dppe)]2/AgSbF6, [RhCl(COD)]2,
[RhCl(COD)]2/AgSbF6, [RhCl(COD)]2/P(4-FC6H4)3/AgSbF6, [PPN]
[Rh(CO)2Cl2]/AgSbF6, and [Rh(CO)2Cl]2 and [RhCl(CO)(dppp)]2

under a carbon monoxide atmosphere [Entries 12–17; dppe =

1,2-bis(diphenylphosphino)ethane, dppp = 1,3-bis(diphenyl-
phosphino)propane, PPN = bis(triphenylphosphoranylidene)-
ammonium]. Unfortunately, they were found to be ineffective.
Thus, we established that Rh(PPh3)2(CO)Cl/AgBF4 in 1,2-di-
chloroethane was the best catalyst system in respect to the
yield. The formation of 2 c was confirmed using 1H NMR and

13C NMR spectroscopy, high-resolution mass spectrometry
(HRMS), and X-ray crystallography (Figure 1).[6]

Using Rh(PPh3)2(CO)Cl/AgBF4 as a catalyst, we investigated
the rhodium(I)-catalyzed transformation of various NTs-teth-

ered enynes to arylhexahydroisoquinolines (Table 2). Almost all
the reactions went to completion within 4 h. Moderate to high
yields were observed for all enynes bearing an aryl with an
electron-withdrawing (Entries 4–6 and 10) or donating group
(Entries 2, 3, and 7–9). It seems that the electronic nature of
a substituent on the aryl ring does not exert any noticeable in-
fluence on the yield of the reaction. However, the position of
the substituent (3- versus 4-position; cf. Entry 2 and 8, 3 and 9,
and 4 and 10) has a slight influence on the yield of the reac-
tion. Substrates with a substituent at the 4-position produce
10 % higher yields than those with a substituent at the 3-posi-
tion. Interestingly, in the case of the tert-butyl group, a rather
low yield is obtained when the substituent is located at the 4-
position (60 %; Entry 7). As expected, a substituent at the 2-po-
sition exerts a dramatic effect on the yield of the reaction.

Thus, enynes having an aryl with
ortho substituents did not give
any products (Entries 12 and 13)
and the reactant was recovered
intact. Introduction of a methyl
group to the a-position of the
NTs group did not have any
effect on the yield of the reac-
tion (Entry 15). Unfortunately, all
attempts with O-tethered sub-
strate 16 b were unsuccessful.
The substrate 16 b readily de-
composed in the presence of
the catalytic system and no char-
acterizable products were isolat-
ed. Thus, the transformation of
the bis-cyclopropanyl derivatives
to hexahydronaphthalenes is
unique to the NTs-tethered sub-
strates.

Scheme 4. Reagents and conditions: a) Rh(PPh3)2(CO)Cl/AgSbF6, 1,4-dioxane,
100 8C, 24 h, 20 %.

Table 1. Variety of rhodium-catalyzed rearrangement reactions of 2 B.

Entry Catalyst (mol %) Solvent Time [h] Temp [8C] Yield[a] [%]

1 Rh(CO)(PPh3)2Cl (10)/AgSbF6 (12) 1,4-dioxane 4 100 36
2 Rh(CO)(PPh3)2Cl (10)/AgSbF6 (12) 1,2-dichloroethane 4 80 68
3 Rh(CO)(PPh3)2Cl (5)/AgSbF6 (9) 1,4-dioxane 24 100 trace
4 Rh(CO)(PPh3)2Cl (20)/AgSbF6 (24) 1,4-dioxane 1 100 54
5[b] Rh(CO)(PPh3)2Cl (10)/AgSbF6 (12) 1,2-dichloroethane 4 80 24
6 Rh(CO)(PPh3)2Cl (10)/AgNO3 (12) 1,2-dichloroethane 24 80 NR
7 Rh(CO)(PPh3)2Cl (10)/AgPF6 (12) 1,2-dichloroethane 24 80 NR
8[c] Rh(CO)(PPh3)2Cl (10)/AgClO4 (12) 1,2-dichloroethane 1 80 14
9[d] Rh(CO)(PPh3)2Cl (10)/AgOTf (12) 1,2-dichloroethane 1 80 10
10 Rh(CO)(PPh3)2Cl (10)/AgBF4 (12) 1,2-dichloroethane 4 80 74
11 RhCl(CO)(dppe) (10)/AgSbF6 (12) 1,4-dioxane 24 100 NR
12 [RhCl(COD)]2 (10) toluene 17 100 trace
13 [RhCl(COD)]2 (10)/AgSbF6 toluene 24 100 NR
14 [Rh(CO)2Cl]2 (5)/P(4-FC6H4)3 (20)/AgSbF6 (12) 1,2-dichloroethane 24 80 NR
15 [PPN][Rh(CO)2Cl2] (4)/AgSbF6 (8) dichloromethane 24 30 NR
16[e] [Rh(CO)2Cl]2 (5) tetrahydrofuran 24 60 NR
17[e] [RhCl(CO)(dppp)]2 (10) 1,2-dichloroethane 24 80 NR

[a] Isolated yield. [b] Under CO (1 atm). [c] 16 % of reactant remained. [d] 14 % of reactant remained. [e] Under
CO (13 atm). NR = no reaction.

Figure 1. X-ray crystal structure of 2 c.
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Next, we investigated the possibility of integrating the plati-
num- and rhodium-catalyzed reactions into a “one-pot” trans-
formation. However, none of the attempts were promising,
presumably due to the different reaction conditions of each
catalyzed reaction. The first step was usually carried out in tol-
uene and the second step in 1,2-dichloroethane. When the
second step was carried out in toluene, the yield of the second
step was 36 %. Thus, we had to find a solvent that could be

used in both steps. After much experimentation, 1,2-
dichloroethane was chosen as the solvent. However,
the integration of the two reactions in 1,2-dichloro-
ethane afforded the expected product in up to 43 %
yield (Scheme 5).

Although little mechanistic information has been
obtained, a plausible mechanism is proposed on the
basis of the above results and previous studies
(Scheme 6). The precoordination of the rhodium(I)
center to the double bond (I) leads to the formation
of a (p-allyl)(s-alkyl)rhodium(III) intermediate (II). In-
termediate III may be stabilized by the coordination
of an aryl group.[7] Successive insertions leading to
the metallacycle (IV) followed by a reductive elimina-
tion allows the formation of the product (C).

In conclusion, we have developed a rhodium-cata-
lyzed rearrangement reaction of azabicyclo[4.1.0]
heptenes bearing an aryl and a cyclopropyl group in
the 1- and 6-position, respectively, to arylhexahydroi-
soquinolines, which are difficult to prepare by con-
ventional synthetic pathways. The reaction pathway
is highly sensitive to the identity and position of sub-
stituents at the cyclopropyl moiety. The reaction was
shown to be an efficient and simple method for the
synthesis of arylhexahydroisoquinolines.

Experimental Section

General Procedure : [RhCl(CO)(PPh3)2] (0.03 mmol), AgBF4

(0.036 mmol) and 1,2-dichloroethane (2 mL) were added
to a tube-type Schenk flask equipped with a stirring bar

and capped with a rubber septum. The reaction mixture was
stirred at RT for 5 min. The substrate (0.3 mmol) and 1,2-dichloro-
ethane (2 mL) were added to the flask. The resulting mixture was
stirred at 80 8C until the substrate completely disappeared (as ana-
lyzed by thin-layer chromatography). The reaction products were
purified by flash chromatography on a silica-gel column eluting
with n-hexane/ethyl acetate (20:1, v/v).
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Table 2. Rhodium-catalyzed rearrangement reaction.[a]

Entry Substrate R Time [h] Product Yield[b] [%]

1 2 b C6H5 4 2 c 74
2 3 b 4-CH3C6H4 5 3 c 72
3 4 b 4-CH3OC6H4 4 4 c 70
4 5 b 4-ClC6H4 4 5 c 73
5 6 b 4-FC6H4 4 6 c 72
6 7 b 4-F3CC6H4 4 7 c 79
7 8 b 4-t-BuC6H4 4 8 c 60
8 9 b 3-CH3C6H4 3 9 c 67
9 10 b 3-CH3OC6H4 4 10 c 62
10 11 b 3-ClC6H4 4 11 c 58
11 12 b m-xylene 4 12 c 50
12 13 b naphthyl 24 no reaction
13 14 b mesitylene 24 no reaction

14 15 b – 4 15 c 70

15 1 b – 24 no reaction

16 16 b – – decomposed

[a] Reagents and conditions: substrate, [Rh(CO)(PPh3)2Cl] (10 mol %), AgBF4 (12 mol %),
1,2-dichloroethane, 80 8C. [b] Isolated yield.

Scheme 5. Reagents and conditions: a) PtCl2 (5 mol %), toluene, 80 8C, 7 h,
83%; b) RhCl(CO)(PPh3)2 (10 mol %), AgBF4 (12 mol %), 1,2-dichloroethane,
80 8C, 4 h, 74 %; c) PtCl2 (5 mol %), 1,2-dichloroethane, 80 8C, 15 h;
d) RhCl(CO)(PPh3)2 (10 mol %), AgBF4 (12 mol %), 1,2-dichloroethane, 80 8C,
4 h, 43 % over c) and d).

Scheme 6. Plausible reaction mechanism.

ChemistryOpen 2012, 1, 169 – 172 � 2012 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemistryopen.org 171

www.chemistryopen.org


Keywords: bicyclo[4.1.0]heptenes · catalysis ·
hexahydroisoquinolines · rearrangements · rhodium

[1] For recent reviews, see: a) C. Aubert, L. Fensterbank, P. Garcia, M. Mala-
cria, A. Simonneau, Chem. Rev. 2011, 111, 1954; b) P. Y. Toullec, V. Michelet
in Topics in Current Chemistry, Vol. 302 (Eds. : E. Soriano, J. Marco-Con-
telles), Springer, Berlin, 2011, pp. 31 – 80; c) Z. Zhang, G. Zhu, X. Tong, F.
Wang, X. Xie, J. Wang, L. Jiang, Curr. Org. Chem. 2006, 10, 1457; d) C. Bru-
neau, Angew. Chem. 2005, 117, 2380; Angew. Chem. Int. Ed. 2005, 44,
2328; e) A. M. Echavarren, C. Nevado, Chem. Soc. Rev. 2004, 33, 431;
f) S. T. Diver, A. J. Giessert, Chem. Rev. 2004, 104, 1317; h) G. C. Lloyd-
Jones, Org. Biomol. Chem. 2003, 1, 215; i) C. Aubert, O. Buisine, M. Mala-
cria, Chem. Rev. 2002, 102, 813.

[2] For recent papers, see: a) M. Barbazanges, M. Auge, J. Moussa, H.
Amouri, C. Aubert, C. Desmarets, L. Fensterbank, V. Gandon, M. Malacria,
C. Ollivier, Chem. Eur. J. 2011, 17, 13789; b) A. Pradal, C.-M. Chao, P. Y.
toullec, V. Michelet, Beilstein J. Org. Chem. 2011, 7, 1021; c) W. F. Wang,
J. M. Yang, F. J. Wang, M. Shi, Organometallics 2011, 30, 3859; d) H. Jul-
lien, D. Brissy, R. Sylvain, P. Retailleau, J. V. Naubron, S. Gladiali, A. Marine-
tti, Adv. Synth. Catal. 2011, 353, 1109; e) T. Nishimura, T. Kawamoto, M.
Nagaosa, H. Kumamoto, T. Hayashi, Angew. Chem. 2010, 122, 1682;
Angew. Chem. Int. Ed. 2010, 49, 1638; f) J. P. Wang, X. M. Xie, F. F. Ma, Z. Y.
Peng, L. Zhang, Z. G. Zhang, Tetrahedron 2010, 66, 4212.

[3] a) M. Mori in Topics in Organometallic Chemistry, Vol. 1 (Ed. : A. F�rstner),
Springer, Berlin, 1998, pp. 133 – 154; b) C. S. Poulsen, R. Madsen, Synthesis
2003, 1; c) B. M. Trost, M. J. Krische, Synlett 1998, 1; d) B. M. Trost, M.
Yanai, K. Hoogsteen, J. Am. Chem. Soc. 1993, 115, 5294; e) B. M. Trost,
F. D. Toste, J. Am. Chem. Soc. 2002, 124, 5025; f) L. Ye, Q. Chen, J. Zhang,
V. Michelet, J. Org. Chem. 2009, 74, 9550; g) Y. T. Lee, Y. K. Kang, Y. K.
Chung, J. Org. Chem. 2009, 74, 7922.

[4] a) S. H. Sim, Y. Park, Y. K. Chung, Synlett 2012, 473; b) S. Y. Kim, Y. Park, S.
Son, Y. K. Chung, Adv. Synth. Catal. 2012, 354, 179; c) Y. Park, S. Y. Kim,
J. H. Park, J. Cho, Y. K. Kang, Y. K. Chung, Chem. Commun. 2011, 47, 5190;

d) S. Y. Kim, Y. Park, Y. K. Chung, Angew. Chem. 2010, 122, 425; Angew.
Chem. Int. Ed. 2010, 49, 415; e) S. Y. Kim, Y. K. Kang, Y. K. Chung, Chem.
Eur. J. 2010, 16, 5310; f) S. Y. Kim, Y. K. Chung, J. Org. Chem. 2010, 75,
1281; g) S. Y. Kim, S. I. Lee, S. Y. Choi, Y. K. Chung, Angew. Chem. 2008,
120, 4992; Angew. Chem. Int. Ed. 2008, 47, 4914; h) S. M. Kim, J. H. Park,
S. Y. Choi, Y. K. Chung, Angew. Chem. 2007, 119, 6284; S. M. Kim, J. H.
Park, S. Y. Choi, Y. K. Chung, Angew. Chem. 2007, 119, 6284; Angew. Chem.
Int. Ed. 2007, 46, 6172; i) D. Shu, X. Li, M. Zhang, P. J. Robicahux, W. Tang,
Angew. Chem. 2011, 123, 1382; Angew. Chem. Int. Ed. 2011, 50, 1346;
j) X. Li, M. Zhang, P. J. Robichaux, S. Huang, W. Tang, Angew. Chem. 2011,
123, 10605; Angew. Chem. Int. Ed. 2011, 50, 10421.

[5] a) J. Blum, H. Beer-Kraft, Y. Badrieh, J. Org. Chem. 1995, 60, 5567; b) T. Shi-
bata, Y. Kobayashi, S. Maekawa, N. Toshida, K. Takagi, Tetrahedron 2005,
61, 9018; c) L. Zhang, J. Sun, S. A. Kozmin, Adv. Synth. Catal. 2006, 348,
2271; d) E. Jim�nez-NfflÇez, A. M. Echavarren, Chem. Rev. 2008, 108, 3326;
e) E. Soriano, J. Marco-Contelles, Acc. Chem. Res. 2009, 42, 1026; f) K. Ota,
S. I. Lee, J.-M. Tang, M. Takachi, H. Nakai, T. Morimoto, H. Sakurai, K. Ka-
taoka, N. Chatani, J. Am. Chem. Soc. 2009, 131, 15203; g) E. Benedetti, A.
Simonneau, A. Hours, H. Amouri, A. Penoni, G. Palmisano, M. Malacria,
J.-P. Goddard, L. Fensterbank, Adv. Synth. Catal. 2011, 353, 1908.

[6] The synthetic procedures and spectroscopic data of the new compounds
are summarized in the Supporting Information. CCDC-882216 (2 c) con-
tains the supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

[7] a) Z. X. Yu, P. A. Wender, K. N. Houk, J. Am. Chem. Soc. 2004, 126, 9154;
b) P. Liu, P. H.-Y. Cheong, Z.-X. Yu, P. A. Wender, K. N. Houk, Angew. Chem.
2008, 120, 4003; Angew. Chem. Int. Ed. 2008, 47, 3939; c) C. Aı̈ssa, Synthe-
sis 2011, 3389.

Received: June 1, 2012

Published online on July 16, 2012

172 www.chemistryopen.org � 2012 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim ChemistryOpen 2012, 1, 169 – 172

http://dx.doi.org/10.1021/cr100376w
http://dx.doi.org/10.1002/ange.200462568
http://dx.doi.org/10.1002/anie.200462568
http://dx.doi.org/10.1002/anie.200462568
http://dx.doi.org/10.1039/b308768a
http://dx.doi.org/10.1021/cr020009e
http://dx.doi.org/10.1039/b209175p
http://dx.doi.org/10.1021/cr980054f
http://dx.doi.org/10.1002/chem.201102723
http://dx.doi.org/10.3762/bjoc.7.116
http://dx.doi.org/10.1021/om2004404
http://dx.doi.org/10.1002/adsc.201000904
http://dx.doi.org/10.1002/ange.200906792
http://dx.doi.org/10.1002/anie.200906792
http://dx.doi.org/10.1016/j.tet.2010.03.097
http://dx.doi.org/10.1055/s-1998-1557
http://dx.doi.org/10.1021/ja00065a050
http://dx.doi.org/10.1021/ja012450c
http://dx.doi.org/10.1021/jo902083r
http://dx.doi.org/10.1021/jo901771p
http://dx.doi.org/10.1002/adsc.201100694
http://dx.doi.org/10.1039/c1cc10907c
http://dx.doi.org/10.1002/ange.200905361
http://dx.doi.org/10.1002/anie.200905361
http://dx.doi.org/10.1002/anie.200905361
http://dx.doi.org/10.1021/jo902273x
http://dx.doi.org/10.1021/jo902273x
http://dx.doi.org/10.1002/ange.200800432
http://dx.doi.org/10.1002/ange.200800432
http://dx.doi.org/10.1002/anie.200800432
http://dx.doi.org/10.1002/ange.200702028
http://dx.doi.org/10.1002/anie.200702028
http://dx.doi.org/10.1002/anie.200702028
http://dx.doi.org/10.1002/ange.201006881
http://dx.doi.org/10.1002/anie.201006881
http://dx.doi.org/10.1002/ange.201104861
http://dx.doi.org/10.1002/ange.201104861
http://dx.doi.org/10.1002/anie.201104861
http://dx.doi.org/10.1021/jo00122a043
http://dx.doi.org/10.1016/j.tet.2005.07.039
http://dx.doi.org/10.1016/j.tet.2005.07.039
http://dx.doi.org/10.1002/adsc.200600368
http://dx.doi.org/10.1002/adsc.200600368
http://dx.doi.org/10.1021/ar800200m
http://dx.doi.org/10.1021/ja9047637
http://dx.doi.org/10.1002/adsc.201100124
http://dx.doi.org/10.1021/ja048739m
http://dx.doi.org/10.1002/ange.200800420
http://dx.doi.org/10.1002/ange.200800420
http://dx.doi.org/10.1002/anie.200800420
www.chemistryopen.org

