M) Cneck tor updates

ChemComm

Chemical Communications

Accepted Manuscript

View Article Online

View Journal

This article can be cited before page numbers have been issued, to do this please use: X. Wu, Y. Zhang,

H. wang and Z. Yin, Chem. Commun., 2020, DOI: 10.1039/D0CCO02784G.

accepted for publication.

soon as itis available.

Information for Authors.

o
-

ROYAL SOCIETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

(3

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been

Accepted Manuscripts are published online shortly after acceptance,
before technical editing, formatting and proof reading. Using this free
service, authors can make their results available to the community, in
citable form, before we publish the edited article. We will replace this
Accepted Manuscript with the edited and formatted Advance Article as

You can find more information about Accepted Manuscripts in the

Please note that technical editing may introduce minor changes to the
text and/or graphics, which may alter content. The journal’s standard
Terms & Conditions and the Ethical guidelines still apply. In no event

shall the Royal Society of Chemistry be held responsible for any errors
or omissions in this Accepted Manuscript or any consequences arising
from the use of any information it contains.

rsc.li/chemcomm


http://rsc.li/chemcomm
http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/
https://doi.org/10.1039/d0cc02784g
https://pubs.rsc.org/en/journals/journal/CC
http://crossmark.crossref.org/dialog/?doi=10.1039/D0CC02784G&domain=pdf&date_stamp=2020-05-19

Page 1 of 4

Published on 19 May 2020. Downloaded by Uppsala University on 5/19/2020 4:46:30 PM.

ChemGomm

View Article Online
DOI: 10.1039/D0CC02784G

Iron-Catalyzed Carbonylative Cyclization of y,6-Unsaturated
Aromatic Oxime Esters Toward Functionalized Pyrrolines

Received 00th January 20xx,
Accepted 00th January 20xx

DOI: 10.1039/x0xx00000x

Herein, a new method on iron-catalyzed carbonylative cyclization
of y,6-unsaturated aromatic oxime esters to functionalized
pyrrolines has been developed. By using readily available
substrates, 32 examples of functionalized pyrrolines were prepared
in moderate to good yields. Notably, examples on reduction and
cycloaddition reactions of the obtained product were given as well.

Intramolecular amination of alkenes is a valuable and
powerful synthetic tool for preparing nitrogen-containing
heterocycles such as piperazine, pyrroline, oxazolidin-2-one,
pyridine, indoline, oxindole and lactam derivatives.! Among
these heterocyclic units, pyrrolines are important
heterocyclic motifs in the fields of naturally occurring
products and bioactive compounds,* such as the special
applications of S-homoprolines in biology and
pharmacology .3 In this regard, unsaturated oxime estersas a
class of readily available and highly reactive substrates have
been successfully employed in constructing a series of
functionalized pyrrolines in the presence of metal or
photocatalyst under mild reaction conditions (Scheme 1a).4
Notably, Bower and co-workers reported their detailed
studies on palladium-catalyzed cyclization of unsaturated
oxime esters in 2015.4 The desired 1,2-carboamination
products were produced in good yields with alcohols and
organometallic reagents as the coupling partners. By
performing the reaction under CO atmosphere (1 bar), the
corresponding carbonylation products can be produced in an
effective manner as well. Several alternative synthetic
procedures relied on specific substrates, stoichiometric
strong oxidants, or precious transition-metal catalyst have
been established as well.57

On the other hand, carbonylation is known as one of the
most effective methods to introduce carbonyl functional
group into the target molecules.® Recently, our group has
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developed a series of iminyl radical-mediated carbonylation
reactions of oxime esters.% In the carbonylative reaction of N-
fluoro-sulfonamides, we found the sulfonamide group was
not possible to remove from the obtained products.'® This
disadvantage will definitely limit the further applications of
this procedure, besides the drawbacks from the substrates.
Hence, a new methodology from readily available starting
materials without the above discussed weaknesses is highly
demanded.
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Scheme 1. Functionalized pyrrolidines synthesis from
oxime esters.

Considering the intramolecular amination of alkenes and
the carbonylation of radicals," we become interested in
exploring a new method for the synthesize of functionalized
pyrrolines from y, §-unsaturated oxime esters. This strategy
may be achieved through transition-metal catalyzed O-N
bond activation of oxime esters to generate iminyl radicals,*>
followed by an intramolecular cyclization to obtain new
carbon radicals, which subsequently captured by CO and


https://doi.org/10.1039/d0cc02784g

Published on 19 May 2020. Downloaded by Uppsala University on 5/19/2020 4:46:30 PM.

ChemGomm

finally been converted into the corresponding products
(Scheme 1b).

In order to establish the catalyst system, we used 1-
phenylpent-4-en-1-one O-benzoyl oxime 1a-1, MeOH (50 uL)
as the model substrate and nucleophile, respectively.
Initially, the reaction was performed with FePC (Iron(II)
phthalocyanine) as the catalystin DCE under 50 bar of CO at
100 °C. The desired product 2aa was produced in 67% (Table
1, entry 1). However, only trace amount of 2aa could be
detected when Fe(OTf); or Cu(OTf), with 1,10-Phen-HCIH,O
was tested as the catalytic system (Table 1, entry 2). FeF5 asan
iron precursor was tested as well, 38% of the target product
was formed (Table 1, entry 3). No desired molecule was
observed in the absence of an iron catalyst (Table 1, entry 4).
Satisfactorily, 80% of methyl 2-(5-phenyl-3,4-dihydro-2H-
pyrrol-2-yl)acetate 2aa was determined with Fe(acac); and
1,10-Phen'HCI'H,O as the catalytic system (Table 1, entry s5).
Then some other solvents were examined, including MeCN,
PhCF; and THF, no improved results were obtained (Table 1,
entries 6-8). Different ligands were subsequently tested,
which indicated that the ligand had a dramatic effect on this
reaction, and 1,10-Phen'HCI'-H,O was found to be the best
than the other tested ligands (Table 1, entries 9-11). Only
traces of product 2aa was found in the absence ofligand. As
carboxylic acid might be the byproduct, 1.2 equiv. of HOAc as
additives was tested and little influence was obtained (Table
1, entry 12). However, adding 1.2 equiv. of pyridine led to the
yield of 2aa diminished to 46% (Table 1, entry 13). And no
desired product could be detected when other organic base
(Et;N) or inorganic base (Na,COs) was added (Table 1, entry
14). Finally, lowing the temperature to 8o °C, the pressure of
CO to 40 bar or the loading of ligand to 5 mol% lead to a
slightly decreased yield of the final product (Table 1, entries

15-17).

Table 1. Optimization of reaction conditions.?

o
BZO\N
Cat., Ligand
PhJ\/\/ + MeOH ot -oan N ©
121 base, CO, 100 °C, solvent |
Ph
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 2aa
- - TN N TN N
/ /
W0 G
L1 H,0+HClI *H0
L2 L3
Ph Ph NO,
7 N\ = —
/ 7N\ 7 N\
= \_ \_ =
L4 L5 L6
entry variations from the standard conditions yield® (%)
1 FePC instead of Fe(acac); and ligand 67
> Fe(OTf), or Cu(OTf)2 instead of Fe(acac), trace
3 FeF; instead of Fe(acac), 38
4 no Fe(acac), n.d.
5 - 8o (72)°
6 MeCN instead of DCE 66

2 | J. Name., 2012, 00, 1-3

PhCF, instead of DCE View A8 onine
THF instead of DCE DOI: 10.1039/D0C{g02784G
9 no ligand, L1 or L4 instead of L2 trace
10 L3 or Ls instead of L2 n.d.
u L6instead of L2 38
12 added 1.2 equiv. HOAc 81
13 added 1.2 equiv. pyridine 46
14 added 1.2 equiv. Et;N or Na2CO3 n.d.
15 80 °C instead of 100 °C 74
16 CO 4o bar instead of 50 bar 73
17 L2 5 mol% instead of 10 mol% 75

*Reaction conditions: 1a-1 (0.1 mmol), MeOH (50 uL), catalysts (5mol%),
ligands (10 mol%) in solvent (1mL) at 100 °C for 20 h under CO (50 bar).
bYields were determined by GC-FID analysis using n-hexadecane as
internal standard. ‘Isolated yield (1a-1 0.2 mmol scale). n.d.= no
detection. FePC = iron(II) phthalocyanine. THF = tetrahydrofuran. DCE
=1,2-dichloroethane.

Additionally, different leaving groups (LG) of the oxime
esters 1a substrates were also examined (Table 2). The yield
of 2aa dramatical decreased when OAc was used as the
leaving group instead of OBz. Other aryl or heterocyclic
substituted leaving groups were checked and no better
results were obtained under the optimal reaction conditions.

Table 2. Optimization of oxime ester leaving groups.?

o—
LG Fe(acac); (5 mol%)
N 1,10-Phen-HCI-H,0 (10 mol%) S
M~ + MeoH N
Ph DCE, CO (50 bar), 100 °C
1a Ph 2aa
entry LG yield® (%)
1 OBz (1a-1) 80
2 OAc (1a-2) 12

3 OBz*" (1a-3) 78
4 MeOOCOO 46
(1a-4)
5 CF % >7COO 72
’ (1a-5)
6 N, )—coo 68
C/} (1a-6)

*Reaction conditions: 1a (0.1 mmol), MeOH (50 uL), Fe(acac); (5 mol%),
1,10-Phen-HCI-H,O (10 mol%) in DCE (1 mL) at 100 °C for 20 h under CO
(50 bar). “Yields were determined by GC-FID analysis using n-

hexadecane as internal standard.

Having established the optimized reaction conditions, we
started to explore the substrate scope of this reaction with
different alcohols and unsaturated aromatic oxime esters.
Firstly, a series of alcohols were reacted with oxime esters 1a-
1 (Scheme 2). Some low boiling point primary alkyl alcohols
like methanol, ethanol, propanol, and n-butanol were all
reacted well with oxime esters 1a-1 to form the desired
products 2aa-2ad in 56%-72% yields. Even isopropanol as
secondary alcohol and t-butanol as sterically hindered
tertiary alcohol were also smoothly converted into the target

This journal is © The Royal Society of Chemistry 20xx
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products 2ae and 2af in 50% and 17% yields, respectively.
Additionally, a series of halogen-substituted aliphatic
alcohols can be applied as well and gave the corresponding
products 2ag-2aj in moderate yields. Furthermore, alcohols
with a terminal alkenyl unit were also tolerated, affording the
desired products 2ak and 2al in 51% and 48% yields,
respectively. Notably, benzylalkohol and furfurylalkohol as
high boiling point alcohols can also be applied, the desired
carbonylation products 2am and 2an were provided in
moderate to good yields. To further explore the synthetic
value of this protocol, a 1.0 mmol scale reaction of 1a-1 with
methanol was carried out under the best reaction conditions,
the corresponding product 2aa was delivered in 65% isolated
yield.

Scheme 2. Scope of alcohols.?

o-R
BzO. Fe(acac); (5 mol%) o
‘N 1,10-Phen-HCI-H,0 (10 mol%) N
M _~_~ +ROH |
Ph DCE, CO (50 bar), 100 °C
1 Ph
2
0-Bu
o-R
2aa, R= Me, 72% (65%)°
O  2ab, R=Et, 66%
N‘ 2ac, R= n-Pr, 62%
Ph 2ad, R= n-Bu, 56%
2ae 50% 2af 17%
0-CH,CHCI 0-CH,CCl3 0-CH,CF3 0-CH(CF3),
2ag 50% 2ah 47% 2ai 46% 2aj 38%
~
\ O
2ak 51% 2al 48% 2am 55%° ):gjan 81%°

®Reaction conditions: 1 (0.2 mmol), ROH (0.1 mL), Fe(acac); (5 mol%), 1,10-
Phen-HCI-H.O (10 mol%) in DCE (2 mL) at 100 °C for 20 h under CO (50
bar), isolated yield. "1a-1 (1.0 mmol), MeOH (0.5 mL), DCE (7 mL). ROH (2
equiv.).

Subsequently, a range of aromatic and heteroaromatic
oxime esters were prepared and investigated (Scheme 3). In
general, both electron-withdrawing and donating
substituents on different positions of the aromatic ring were
all smoothly transformed, supplying the corresponding
products 2ba-2ia in moderate yields. Perfluorinated
substrate 1j 1-(perfluorophenyl)pent-4-en-1-one O-benzoyl
oxime was also converted into the corresponding product
2ja. Other substrates including 1-naphthalene, 2-
naphthalene and thiophene, even adamantane substituted
O-benzoyl oximes can all be applied and gave moderate
yields of the corresponding products. Moreover, a panel of
substrates with different alkyl chain units on the a position
of O-benzoyl oximes afforded the corresponding products
2pa-2sa in moderate yields. Relatively low yield formed 2ra,

This journal is © The Royal Society of Chemistry 20xx
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possibly due to the competitive conversion of s5-exostrig
cyclization'3 and 1,5 H-atom transfep{HAT)5s/during’the
reaction. To further explore the applicability of this
procedure, we used substrates 1t and 1 to inspect the
carbonylation of secondary and tertiary carbon radicals,
respectively. Delightfully, 50% of methyl 2-(5-phenyl-3,4-
dihydro-2H-pyrrol-2-yl)propanoate 2ta can be prepared from
carbonylation of the corresponding secondary radical
intermediate. However, the tertiary radical intermediate was
only converted into the elimination products, which were
detected by GC-MS. Unfortunately, the oxime esters with
furan (10), different carbon chain lengths (1v 1-phenylhex-5-
en-1-one O-benzoyl oxime, and 1w 1-phenylbut-3-en-1-one O
benzoyl oxime) or alkyl oxime ester (1x hex-5-en-2-one O-
benzoyl oxime) were failed to give the desired products.

Scheme 3. Scope of O-benzoyl oximes.?

o—
BzO. Fe(acac)s (5 mol%)
‘N 1,10-Phen-HCI-H,0 (10 mol%) N 0
W + MeOH |
R DCE, CO (50 bar), 100 °C
1 R
2
o—
o— o—
o]
(6] N (0]

R'" N | N

2fa, R?= Me, 45%
2ga, R?= OMe, 49%
2ha, R?= CF3, 52%

2ba, R'= Me, 42%
2ca,R'=F, 56%
2da, R'= Br, 39%

2eab3% R? 2ia, R2= 1, 44%
o 0— o— o
0 0 o~

o 0

2ka 40% 2la 62%

F 2ja42%

o— o— o—

N v L/
s @ J ©/?

2na 45% 2pa46% (dr=2:1)  2qa 45% (dr=2:1) 2ra 29% (dr=3:1)
O— o
o O~ ! failed substrates:
l\/j N/(/ (0] ‘ BZO\N
\ : \
/‘\> : x =
Ph ' N
2s2 42% 2ta 50% (dr=1.2:1) ! o 10
BzO. BzO. BzO.
Z! | Z! ‘N Z| | BZO\N
|
Z N NN
1u 1v 1w 1x

*Reaction conditions: 1 (0.2 mmol), ROH (0.1 mL), Fe(acac); (5 mol%),
1,10-Phen HCI-H,O (10 mol%) in DCE (2 mL) at100 °C for 20 h under CO

(s0bar), isolated yield.

Moreover, the obtained product 2aa can be easily reduced
to 3 in high yield by a PtO,-catalyzed hydrogenation reaction
in MeOH under 30 bar hydrogen (Scheme 4, eq 1).4
Additionally, by using triethylamine as the base, a cyclization

J. Name., 2013,00,1-3 | 3
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reaction between 2aa and N-hydroxybenzimidoyl chloride
can occur at room temperature (Scheme 4, eq 2). The
cycloaddition product 4 was formed in 91% yield.

Scheme 4. Synthetic transformations of 2aa.

1) Reduction reaction

o—
H
N O PtO, (5 mol%), Hy (30 bar) phmo
N
‘ MeOH, rt, 3 h
Ph o
2aa 3, 89%
d.r. =25:2
2) Cyclization reaction
o— (o]
Ph //<O
O N’OH NEt; (2 equiv) >/\N’
\ S H,ClI ho N
Phi cl CHCly, rt, 3 O/T
Ph Ph
2aa 4,91%
d.r. =3:1

In summary, we have described an iron-catalyzed
intramolecular cyclization and intermolecular carbonylation
of y,8-unsaturated aromatic oxime esters. This method
provides a new strategy for preparing various unsaturated 3-
homoproline esters in moderate to good yields. In addition,
further synthetic transformation of the obtained product via
reduction and cycloaddition were realized as well.
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