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Bridging C-H activation: Mild and versatile cleavage of the 8-

Aminoquinoline directing group

Martin Berger,” Rajan Chauhan,” Catarina A. B. Rodrigues,®

8-Aminoquinoline has emerged as one of the most
powerful bidentate directing groups in history of C-H activation
within the last decade. However, cleavage of its robust amide
bond has shown to be challenging in several cases, thus
jeopardising the general synthetic utility of the method. To
overcome this limitation, we herein report a simple oxidative
deprotection protocol. This transformation rapidly converts the
robust amide to a labile imide, allowing subsequent cleavage in
a simple one-pot fashion to rapidly access carboxylic acids or
amides as final products.

Transition metal catalyzed CH-activation utilizing bidentate
directing groups has attracted much attention over the past
decade.™ After its introduction by Daugulis et al. in 2005, 8-
Aminoquinoline (AQ) has become perhaps the most efficient and
popular structure among such directing groups.® Indeed, more
than 150 publications to date report its use for directed C-H
activation, it being compatible with a large number of transition
metal catalysts and substrate classes.”! Clearly, the removal of a
directing group is of critical importance, since a remaining,
recalcitrant auxiliary in the product essentially voids any
methodology of its synthetic utility. Although the cleavage of this
auxiliary is most often not demonstrated in methodology
publications, AQ is generally considered to be a removable
directing group as demonstrated by some protocols employing
strong acidic or basic conditions at high temperatures (Scheme
1a).”! At the same time, several examples have been reported
where attempted cleavage met with failure. In certain cases,
prior N-Methylation™ or N-Boc protection® was found to facilitate
cleavage under basic conditions; in other cases, unsuccessful
cleavage was reported and even resulted in a necessary change
of the directing group.!”

A pre-modified directing group was introduced by Chen et
al. in 2013 with 8-Amino-5-methoxyquinoline (MQ) (Scheme
1b).®! This auxiliary provides similar results to AQ in C-H
activation and can be removed by oxidation with
superstoichiometric CAN (cerium ammonium nitrate; usually 3.0
equivalents are required). Interestingly, several protocols
demonstrate the cleavage of MQ on hindered carboxamides™™
and B- or y-lactams,*”! although the C-H activation scope of the
methodologies in question is investigated using AQ. This fact
can be explained by the higher cost™ or lengthy 3-step
preparation which is associated with MQ. Additionally, only the
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carboxamide product can be obtained upon removal of MQ
(Scheme 1b).

Statements such as “(...) the AQ group proved highly
resistant to a wide variety of reagents (...)""® are not uncommon
in the literature, and significantly hinder the synthetic promise
that C-H activation holds for organic chemistry in general.

Herein we wish to report a mild and simple method for
cleavage of this high-performance auxiliary into amides or
carboxylic acids (Scheme 1c).
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Scheme 1. (a) Classic cleavage of AQ directing group by harsh acidic or basic
conditions, (b) Cleavage of the modified 5-Methoxy-8-Aminoquinoline (MQ)
directing group by CAN and (c) Direct oxidative cleavage of 8-Aminoquinoline
(AQ) in the present work.

We reasoned that the classic approach for cleavage of
secondary amides like AQ is a nucleophilic attack on the
carbonyl group, which can be achieved by force using harsh
conditions. Nevertheless, since several classes of amides can
be expected to resist this attack, a different approach is needed
in order to develop a general deprotection methodology. We
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aimed for pre-weakening of the amide? by partial oxidative
fragmentation of the quinolyl moiety, which can be achieved by
ozonolysis typically within five minutes.*®¥ Reductive work-up
affords a fragile imide intermediate (cf. 1b, in equilibrium with
1c). (Scheme 2, confirmed by X-ray analysis). The latter might
be easily cleaved in a one-pot operation.
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Scheme 2. Ozonolytic weakening of the robust AQ-amide into a labile imide.
X-ray crystallographic structure of 1c is enclosed.

In the event, we found that while the reported oxidative cleavage
of MQ only provides to access primary amides, ozonolysis
followed by hydrolysis of AQ-amides 1 can yield either the amide
or the carboxylic acid. As depicted in Scheme 3, ozonolysis was
performed in dichloromethane at -78 °C. Selective cleavage of
the quinolyl moiety was completed within a few minutes,
indicated by the appearance of the characteristic blue color and
resulting often in the precipitation of the desired imides.
Following a survey of conditions (see Sl for details), LIOOH was
chosen as a convenient reagent for hydrolysis. It is important to
note that, in our hands, ozonolysis was generally a very clean
process. The carboxylic acid products can be obtained
analytically pure without the need for chromatography, by a
simple acid-base extraction procedure. While electron-deficient
aryl- (2a) and simple alkylamides (2b-c) are converted to the
acids already at room temperature in good yields, more sterically
demanding or electron-rich amides were cleaved at 60 or 70 °C
(2d-g, 2i-j), respectively. Notably, thiophene 2h was isolated in
good yield without undesired decomposition by ozone. The
cleavage of very hindered amides was successfully
demonstrated with 2k and 2I.

Alternatively, if the primary amide is the desired product,
simple treatment of the imide linkage with agueous ammonia
affords the desired product already at RT in typically very good
yields (Scheme 4). Even the highly hindered amides 3c and 3d
gave excellent yields, and also 3a and 3b were obtained in high
yields, similar to the yields of the corresponding acids 2b and 2f,
obtained by treatment with LIOOH.
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Scheme 3. Mild cleavage of AQ-directing group under basic conditions.
Reaction conditions: Ozonolysis of 1 (0.2 mmol) in DCM (4 mL) at -78 °C, then
DMS, 2 h at room temperature. Hydrolysis with LiOH * H,O (1.2 mmol) and
H20; (2 mmol) in THF (2.4 mL) and water (0.6 mL), but [a] no H,O, and [b] 2.4
mmol LiOH * H,O and 4.0 mmol H,0O, was used.
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Scheme 4. Aminolysis of AQ directing group at room temperature. Reaction
conditions: Ozonolysis of 1 (0.2 mmol) in DCM (4 mL) at -78 °C, then DMS,
2 h at room temperature. Aminolysis with NH,OH (1.5 mL) and THF (1.5 mL).

Under these conditions, chemoselective aminolysis can
occur even in presence of an ester function, as demonstrated by
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3e which was obtained in high vyield. Additionally, high
chemoselectivity is observed in presence of a p-methoxybenzyl
protecting group (PMB) with isolation of aminoamide 3f in very
high yield.

The labile character of the obtained imides also allows
hydrolysis to be carried out under pH-neutral conditions. In the
event, heating of 1b/c in a mixture of water and dioxane at
100 °C for 1 hour under microwave irradiation afforded the
carboxylic acid 2b in 67% yield. Addition of CuCl, (1 equivalent)
slightly improved the yield to 80%, with the metal salt possibly
acting as Lewis acid.

pH-neutral hydrolysis of AQ auxiliary:

0 1. 04, DCM, -78 °C
L then DMS Q
R™ N ‘ 2. CuCl, (1 eq), dioxane, RXOH
N H,0, 100 °C (mw), 1 h
(0] (0] (0]
E
Ph/\)kOH tOﬁOH Q)kOH
EtO,C NC
2b, 80% 39, 42% 3h, 61%

(no CuCly,: 67%)
Scheme 5. Hydrolysis of AQ directing group under pH-neutral conditions.

In order to fully assess the utility of this method, specific
examples of problematic deprotections were selected from the
literature. In the first showcase (Scheme 6). Bull et al. reported a

syn-diastereoselective  Pd-catalyzed CH-arylation on N-
protected proline derivatives utilizing the AQ directing group.®

Cleavage of AQ in proline-derived C-H activation products

1. Oy, then DMS

attempted deprotection 2. NH,OH, THF,
by Bull et al. [9a] 0 RT, 24 h o
B — —_
(only feasible with N HN-Q  88%yield N NH
MQ directing group) Cbz dr > 20/1 \ 2
Cbz
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Scheme 6. Successful cleavage of AQ in a recalcitrant example (Bull et al., ref
9a) enabled by ozonolysis.

The authors reported that the AQ-motif was highly
resistant towards cleavage (Scheme 6), and had to resort to a 3-
step preparation of the MQ auxiliary®®® in order to accomplish
deprotection to the primary amides after the C-H activation step.
In contrast, application of our aminolysis protocol to 5a led to
smooth removal of the AQ linkage yielding the product 5b at
room temperature in very high yield and without epimerization
(Scheme 6).

Another illustration of the usefulness of the method
presented herein is the cleavage of the AQ directing group after
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intramolecular CH-amination, yielding lactam products. To the
best of our knowledge, all reported procedures employ MQ
when demonstrating the cleavage of the auxiliary (Scheme
7a).% Attempts have been made to shorten the synthetic route
by installation of the methoxy-group directly on the AQ moiety
prior to cleavage with CAN, but this still results in an overall
cumbersome sequence. In the event, ozonolytic cleavage and
subsequent aminolysis applied to lactam 6a smoothly afforded
the desired product 6b in very good yield, without noticeable
lactam ring-opening.

a. Synthesis of free B-lactams enabled by MQ [10c-e]:

o
R CAN o
N OMe - R
R MeCN/H,0 NH
N/ R
63-67% yields
b. Direct cleavage of AQ and synthesis of free b-lactam:

1. O3, DCM, -78 °C, o

then DMS
NH

2. NH4OH, THF, RT, 10 h

o)
N
6a 7 6b

77% yield

Scheme 7. (a) Previous cleavage of the aminoquinoline directing group on -
lactam utilizing MQ and (b) direct cleavage of the actual AQ-directing group
enabled by ozonolysis.

A final demonstration was carried out on the natural
diterpene dehydroabietic acid (DHAA). DHAA and its derivatives
were found to have a wide range of biological activities.!*
Interestingly, only few examples of modification of this resin acid
on positions in close proximity to the carboxylic acid can be
found. Thus, C(sp®)-H-activation on this substrate as enabling
methodology was already the subject of prior investigations by
Yu et al., demonstrating the feasibility of C-H-alkylation,™
amination™”! and borylation.™ Not demonstrated is the cleavage
of the amide directing groups in order to generate acid or amide
analogues. Unsurprisingly for a hindered carboxylic acid
derivative, the methylester of DHAA was already shown to be
very resistant to hydrolysis even under harsh conditions.*® In
our hands, the amide 7a proved extraordinarily robust.

1. Oy, then DMS

cleavage 2. NH4OH, THF,
of AQ-DG _3 RT, 24 h
—x— OX

various NH 99% yield
conditions Ta

Scheme 8. Room-temperature cleavage of AQ directing group on highly
hindered dehydroabietylamide.
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A large survey of conditions including many strong acids or
bases at high temperatures resulted mainly in recovered starting
material. Strikingly, pre-ozonolysis of the quinolyl moiety allowed
the cleavage to occur even at room temperature in very high
yield (Scheme 8).

In summary, we have reported herein a new method for
the easy cleavage of the ubiquitous aminoquinoline directing
group in C-H activation chemistry. This protocol employs mild
conditions and enables the preparation of either the carboxylic
acid or the amide derivative, relying on ozonolytic weakening of
the amide function. It is our belief that the conditions herein shall
be deemed useful and widely adopted by the practitioners of C-
H activation at large.

Experimental Section

A stream of ozone is passed through a solution of N-
Quinolylamide (0.2 mmol) in dichloromethane (4 mL) at -78 °C
until the characteristic blue color appears. A stream of oxygen is
passed through until decolorization occurs and the mixture is
quenched with dimethylsulfide (0.05 mL). The mixture was
allowed to warm to RT, stirred for 2 hours and concentrated
under high vacuum to complete dryness. The crude imides were
subjected to the specific hydrolysis or aminolysis conditions
followed by an extraction with DCM (see Sl for details and
conditions). Drying with MgSO, and removal of solvents affords
the desired amides or carboxylic acids.

Acknowledgements

We are grateful to the University of Vienna for continued support
of our research. M.B. was supported by the graduate program
MolTag (Austrian Science Fund FWF W1232). C.A.B.R. was
supported by the Fundacao para a Ciencia e Tecnologia
(SFRH/BPD/100677/2014) and R.C. was supported by the
ERASMUS program. We also thank A. Roller (UVienna) for X-
ray crystallography and M. Galanski and S. Felsinger (UVienna)
for high temperature NMR spectroscopy.

Keywords: C-H activation « 8-aminoquinoline * directing group ¢
cleavage * ozonolysis

[1] a) For a review on C-H activation using bidentate directing groups: G.
Rouquet, N. Chatani, Angew. Chem. 2013, 125, 11942-11959; Angew.
Chem. Int. Ed. 2013, 52, 11726-11743; b) for a highlight on 8-
Aminoquinoline directing group: M. Corbet, F. De Campo, Angew.
Chem. 2013, 125, 10080-10082; Angew. Chem. Int. Ed. 2013, 52,
9896-9898.

[2] V. G. Zaitsev, D. Shabashov, O. Daugulis, J. Am. Chem. Soc. 2005,
127, 13154-13155.

[3] For selected publications utilizing AQ-directing group, see: a) D.
Shabashov, O. Daugulis, J. Am. Chem. Soc. 2010, 132, 3965-3972; b)
Y. Aihara, N. Chatani, J. Am. Chem. Soc. 2013, 135, 5308-5311; c) R.
Shang, L. llies, A. Matsumoto, E. Nakamura, J. Am. Chem. Soc. 2013,
135, 6030-6032; d) G. Shan, X. Yang, Y. Zong, Y. Rao, Angew. Chem.
2013, 125, 13851-13855; Angew. Chem. Int. Ed. 2013, 52, 13606-
13610; e) T. Matsubara, S. Asako, L. llies, R. Nakamura, J. Am. Chem.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

10.1002/chem.201604344

WILEY-VCH

Soc. 2014, 136, 646-649; f) Y. Aihara, N. Chatani, J. Am. Chem. Soc.
2014, 136, 898-901; g) K. Chen, B.-F. Shi, Angew. Chem. 2014, 126,
12144-12148; Angew. Chem. Int. Ed. 2014, 53, 11950-11954; h) A.
Deb, S. Bag, R. Kancherla, D. Maiti, J. Am. Chem. Soc. 2014, 136,
13602-13605; i) W. Song, S. Lackner, L. Ackermann, Angew. Chem.
2014, 126, 2510-2513; Angew. Chem. Int. Ed. 2014, 53, 2477-2480; j)
B. M. Monks, E. R. Fruchey, S. P. Cook, Angew. Chem. 2014, 126,
11245-11249; Angew. Chem. Int. Ed. 2014, 53, 11065-11069.

a) R. Parella, S. A. Babu, J. Org. Chem. 2015, 80, 2339-2355; b) B.
Gopalakrishnan, S. A. Babu, R. Padmavathi, Tetrahedron 2015, 71,
8333-8349; c) D. P. Affron, J. A. Bull, Eur. J. Org. Chem. 2016, 139—
149.

a) L. D. Tran, I. Popov, O. Daugulis, J. Am. Chem. Soc. 2012, 134,
18237-18240; For examples using this cleavage protocol, see: b) X.
Chen, Z. Tan, Q. Gui, L. Hu, J. Liu, J. Wu, G. Wang, Chem. Eur. J.
2016, 22, 6218-6222; c) L. Hu, X. Chen, Q. Gui, Z. Tan, G. Zhub, Chem.
Commun., 2016, 52, 6845-6848; d) Q. Gui, X. Chen, L. Hu, D. Wang, J.
Liu, Z. Tana, Adv. Synth. Catal. 2016, 358, 509-514.

a) Y. Feng, G. Chen, Angew. Chem. 2010, 122, 970-973; Angew.
Chem. Int. Ed. 2010, 49, 958-961; b) Y. Feng, Y. Wang, B. Landgraf, S.
Liu, G. Chen, Org. Lett. 2010, 12, 3414-3417.

a) B. T. Y. Li, J. M. White, G. A. Hutton, Aust. J. Chem. 2010, 63, 438—
444; b) J. Dong, F. Wang, J. You, Org. Lett. 2014, 16, 2884-2887; c) W.
R. Gutekunst, P. S. Baran, J. Org. Chem. 2014, 79, 2430-2452.

G. He, S.-Y. Zhang, W. A. Nack, Q. Li, G. Chen, Angew. Chem. 2013,
125, 11330-11334; Angew. Chem. Int. Ed. 2013, 52, 11124-11128.

a) D. P. Affron, O. A. Davis, J. A. Bull, Org. Lett. 2014, 16, 4956-4959;
b) Z. Wang, Y. Kuninobu, M. Kanai, Org. Lett. 2014, 16, 4790-4793; c)
H.-Y. Xiong, D. Cahard, X. Pannecoucke, T. Besset Eur. J. Org. Chem.
2016, 3625-3630.

a) W.-W. Sun, P. Cao, R.-Q. Mei, Y. Li, Y.-L. Ma, B. Wu, Org. Lett.
2014, 16, 480-483; b) B. Wang, W. A. Nack, G. He, S.-Y. Zhang, G.
Chen, Chem. Sci., 2014, 5, 3952-3957; c) X. Wu, Y. Zhao, H. Ge,
Chem. Eur. J. 2014, 20, 9530-9533; d) X. Wu, Y. Zhao, G. Zhang, H.
Ge, Angew. Chem. 2014, 126, 3780-3784; Angew. Chem. Int. Ed. 2014,
53, 3706-3710; e) Z. Wang, J. Ni, Y. Kuninobu, M. Kanai, Angew.
Chem. 2014, 126, 3564-3567; Angew. Chem. Int. Ed. 2014, 53, 3496-
3499; f) L. Grigorjeva, O. Daugulis, Org. Lett. 2014, 16, 4684-4687; )
W. Miura, K. Hirano, M. Miura, Org. Lett. 2015, 17, 4034-4037; h) S.-J.
Zhang, W.-W. Sun, P. Cao, X.-P. Dong, J.-K. Liu, B. Wu, J. Org. Chem.
2016, 81, 956-968; i) Y. Zhou, J. Zhu, B. Li, Y. Zhang, J. Feng, A. Hall,
J. Shi, W. Zhu, Org. Lett. 2016, 18, 380-383.

Price for MQ: 77.20 € / g vs. price for AQ: 9.56 € / g (239.00 €/ 25 g)
(Sigma Aldrich catalogue on July 18, 2016).

For electrophilic activation of amides, see: a) D. Kaiser, N. Maulide, J.
Org. Chem., 2016, 81, 4421-4428; b) P. Chua, A. B. Charette,
Tetrahedron Lett. 1997, 38, 8499-8502; c) K. L. White, M. Mewald, M.
Movassaghi, J. Org. Chem. 2015, 80, 7403-7411; d) L. Hie, N. F. Fine
Nathel, T. K. Shah, E. L. Baker, X. Hong, Y.-F. Yang, P. Liu, K. N. Houk,
N. K. Garg Nature 2015, 524, 79-83; e) C. Madelaine, V. Valerio, N.
Maulide, Angew. Chem. 2010, 122, 1628-1631; Angew. Chem. Int. Ed.
2010, 49, 1583-1586; For a general overview of amide activation, see:
f) S. Ruider, N. Maulide, Angew. Chem. 2015, 127, 14062-14064;
Angew. Chem. Int. Ed. 2015, 54, 13856-13858.

a) B. T. Kalakutskii, M. A. Kosareva, N. D. Rus'yanova, N. V.
Malysheva, Zh. Prikl. Khimii, 1977, 50, 2121-2122; b) C. O'Murchu,
Synthesis, 1989, 11, 880-82.

a) C. Wang, Y. Yang, D. Qin, Z. He, J. You, J. Org. Chem. 2015, 80,
8424-8429; b) X. Wu, K. Yang, Y. Zhao, H. Sun, G. Li, H. Ge, Nat.
Commun. 2015, 6:6462.

For a review on biological activity of DHAA, see: Gonzalez, M. A. Nat.
Prod. Rep. 2015, 32, 684-704.

a) D.-H. Wang, M. Wasa, R. Giri, J.-Q. Yu, J. Am. Chem. Soc. 2008,
130, 7190-7191; b) M. E. Farmer, B. N. Laforteza, J.-Q. Yu, Bioorg.
Med. Chem. 2014, 22, 4445-4452.

This article is protected by copyright. All rights reserved



Chemistry - A European Journal 10.1002/chem.201604344

WILEY-VCH
[17] J. He, T. Shigenari, J.-Q. Yu, Angew. Chem. 2015, 127, 6645-6649;
Angew. Chem. Int. Ed. 2015, 54, 6545—6549.
[18] J.He, H. Jiang, R. Takise, R.-Y. Zhu, G. Chen, H.-X. Dai, T. G. M. Dhar,
J. Shi, H. Zhang, P. T. W. Cheng, J.-Q. Yu, Angew. Chem. 2016, 128,
795-799; Angew. Chem. Int. Ed. 2016, 55, 785-789.
[19]

a) F. C. Chang, N. F. Wood, Tetrahedron Lett. 1964, 40, 2969-2973; b)

B. V. S. Reddy, L. R. Reddy, E. J. Corey, Tetrahedron Lett. 2005, 46,
4589-4593.

This article is protected by copyright. All rights reserved



Chemistry - A European Journal

Entry for the Table of Contents

COMMUNICATION

o ©
ofo )
L [
2NH H
q o
ﬂﬁw‘é Breaking the resistance: 8-

Aminoquinoline has emerged as one of the most powerful bidentate directing
groups in history of C-H activation within the last decade. However, cleavage of its
robust amide bond has shown to be challenging in several cases. To overcome this
limitation, we herein report a simple and mild oxidative deprotection protocol that
allows subsequent cleavage in a simple one-pot fashion to rapidly access
carboxylic acids or amides as final products.

10.1002/chem.201604344

WILEY-VCH

Martin Berger, Rajan Chauhan, Catarina
A. B. Rodrigues and Nuno Maulide*

Page No. — Page No.

Bridging C-H activation: Mild and
versatile cleavage of the 8-
Aminoquinoline directing group

This article is protected by copyright. All rights reserved



