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Copper—catalyzed Intramolecular Aminoperfluoroalkylation Reaction of
O-Homoallyl Benzimidates

Zhang, Heng Mou, Xueqing Chen, Gong* He, Gang*

(State Key Laboratory and Institute of Elemento-Organic Chemistry, College of Chemistry, Nankai University, Tianjin
300071)

Abstract Azaheterocycles have been broadly applied in the development of therapeutic agents, agrochemicals and func-
tional material molecules. Azaheterocycles equipped with perfluoroalkyl group usually manifest superior physical and bio-
logical properties than their parent molecules, such as showing improved metabolic stability and high lipophilicity. The syn-
thesis of perfluoroalkyl modified azaheterocycles has attracted considerable research interest in recent years. The strategy of
intramolecular aminoperfluoroalkylation of alkenes, which functionalize C=C bond with an external perfluoroalkyl group
and an internal amine nucleophile in one pot, provides a streamlined synthesis of perfluoroalkyl substituted azaheterocycles.
This strategy has been applied by Liu, Sodeoka and other research groups in the synthesis of perfluoroalkyl substituted aziri-
dines, pyrrolidines, lactams and pyrazolines featuring the use of pendent amine, amide, hydrazone or urea group as internal
amine source. We have previously developed a copper(I)-catalyzed intramolecular aminotrifluoromethylation reaction of
O-homoallyl benzimidates with Togni reagent I for the synthesis of trifluoromethyl containing chiral 1,3-oxazines using a
chiral BOX ligand. However, this method is limited to aminotrifluoromethylation reaction as other perfluoroalkyl substituted
hypervalent iodine reagents are not easily accessible. Herein, we report our recent research results on the synthesis of per-
fluoroalkyl substituted 1,3-oxazines using commercial available perfluoroalkyl iodides as perfluoroalkyl source. This intra-
molecular aminoperfluoroalkylation reaction proceeds selectively in the presence of Cu(OAc), catalyst, 1,10-phenanthroline
ligand and AgOAc additive. A broad range of O-homoallyl benzimidates and perfluoroalkyl iodides are compatible with the
reaction conditions, affording perfluoroalkyl substituted 1,3-oxazines in moderate to good yields. The 1,3-oxazine product
can be prepared in gram scale and readily hydrolyzed under mild conditions to give perfluoroalkyl substituted 1,3-amino
alcohols. Preliminary mechanism studies revealed that this intramolecular aminoperfluoroalkylation reaction initiated with
the addition of a perfluoroalkyl radical to the terminal alkene, and the subsequent functionalization with the benzimidate mo-
tif via intramolecular substitution generated 1,3-oxazine products.

Keywords O-homoallyl benzimidates; aminoperfluoroalkylation; perfluoroalkyl iodides; 1,3-oxazines; copper catalysis
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(A) Copper catalyzed intramolecular aminoperfluoroalkylation
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(B) Aminotrifluoromethylation of O-homoallyl benzimidates
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(C) Aminoperfluoroalkylation of O-homoallyl benzimidates
with perfluoroalkyl iodides
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Figure 1 Perfluoroalkylative intramolecular difunctionalization of un-
activated alkene
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Table 1 Reaction condition optimization

Cat. (10 mol%)
1,10-phenanthroline (10 mol%)

Ph C4Fgl (3 equiv.) Ph
A additive (2 equiv.) PY
OK/T DCE, 60 °C, Ar, 24 h g OK\/NI\,C F
N 4Fg
1 2

Entry Catalyst Additive Solvent  Yield‘/% of 2
1>  Cu(CH;CN),PF;  BOXligand DCE NR
2 Cu(CH;CN),PFs AgOAc DCE 44
3 CuCl AgOAc DCE 54
4 CuBr AgOAc DCE 62
5 Cul AgOAc DCE 60
6 Cu(acac), AgOAc DCE 54
7 Cu(OTf), AgOAc DCE 45
8 Cu(OAc), AgOAc DCE 72 (64)°
9 Cu(OAc), AgOTFA DCE 19
10 Cu(OAc), AgOTf DCE 47
11 Cu(OAc), Ag,COs DCE 53
12 Cu(OAc), Cs,CO; DCE 20
13 Cu(OAc), AgOAc CH;CN 67
14 Cu(OAc), AgOAc THF 52
15 Cu(OAc), AgOAc EtOAc 63
16 Cu(OAc), — DCE NR
17 AgOAc DCE <5
18 Cu(OAc), AgOAc DCE <5
19°  Cu(OAc), AgOAc DCE 53

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

“ Yields are based on 'H NMR analysis of reaction mixture with 1,1,2,2-
tetrachloroethane as internal standard on a 0.2 mmol scale. * See Supporting
Information for detailed results. ¢ Isolated yield on a 0.2 mmol scale. ¢ The
reaction was conducted in air. ° Without 1,10-phenanthroline. NR: no reaction,
and most of 1 was recovered.
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Cu(OAc); (10 mol%)
1,10-phenanthroline (10 mol%)
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DCE, 60 °C, Ar, 24 h
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11, 69% not observed
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Figure 2 Scope of O-homoallyl benzimidate substrates
All yields are based on isolated product on a 0.2 mmol scale

12, 32% 13, 52%

886  http://sioc-journal.cn

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

WS ISR g AR =, T4 ﬁ%ﬁ Fie
ﬁﬂ%%ﬁﬁ?@ﬂ ZER () EE PRIR(12) EWY(13)

F AR EER TZ &M, § u¢£MW$
%ﬁﬁ&%ﬁ%.%ﬁ,%ﬁ%mﬁﬂ%%$$%ﬂ@
I B R AN = L = I I B (14) A, 78
B N A5 TR R BEAS B N R = e 3 pr
I, HA AN ERREE A B AR BT E I CFqL, CsFyyl,
CF 131 Fl CgF 1 #R3E F T iZ 40 AL 10 4 7 N & A 2 bt
BN, PAH SRR B A S b U 1,3-RER 2k
.

Cu(OAc), (10 mol%)

1,10-phenanthroline (10 mol%)
CFaon+1! (3 equiv.)
AgOAc (2 equiv.)

DCE, 60 °C, Ar, 24 h 0" N

I\/\ C4F9
OMe I
; i ; Me
O >N 0" SN 0 >N
(A erm W er L e
15, 56% 16, 68% 17, 60%
K)\/C5F11 CSF13 K)\/C6F13
18, 70% 19, 62% 20, 57%
?/Me
N
N
ok/l\/c F ? ) \
e I\/l\/CsFﬂ
21, 56% 22, 61%

B3 ammAbee i v
Figure 3 Scope of perfluoroalkyl iodides
All yields are based on isolated product on a 0.2 mmol scale

23 RNMAMER

N T HEEZAMEAL S T N A A TR R SO
SEAE, B ER T R BRI e (B 4). 4 H
0.8 g iUkl 23 [ MR, DL 64% AR5 3 £ e R U
) 1,3-MER P24 4 (1.1 ). 1,3-MEME P2 7E iR AN 44 )
PAR AT B, A AEA LG R R T V2 1 p- 2 5
FERT AW,
24 REHIZBIHR
241 REAIEARIK

PR O STHRRW 8 B ) B AR S IG &), 2 T

Acta Chim. Sinica 2019, 77, 884—888



% F F #® 5B
Cu(OAGc), (10 mol%) . .
Me 1,10-phenanthroline (10 mol%) “° (A) Possible mechanisms
C4Fol (3 equi\_/.) cu(l) disproportionation cu(ly + cu(ll)
AgOAc (2 equiv.)
0" NH DCE, 60 °C, Ar, 24 h o N Rel + Cu() + Ad” ) ]
Ph NH
K/\ K/l\/C4F9 Cu(ll)/ SET \O‘[é\/\jf
23 4 * Sn2
0.8 g, 4.23 mmol 119, 64% ol o or Sy
£ - -
Rel _ _
Ph (1) ag. HCI (1 mol/L, 10 equiv.) NHB @ Ph\(NH R
1,4-dioxane, r.t.,, 3 h 74 £
= Ph 0
ﬁi\/Jf\v/ (2)B2CI 2 equiv.) 3207~ CeFs Ph \7ﬂN§f) N
CaFo ~ 'Et;N (3 equiv.), DCM, rt., 1 h 0" NH b L J P
24,72% 0" "NH_| (R 0" N
2 NP i Cu(ll) LR
1 : SET oxidation
Bl4 SURI St — A Ak
Figure 4 Gram scale reaction and transformation of 1,3-oxazine ¢ cu(ll)
Ph
o — — = > ducti
I SA BRI SUEL, A s A A R N reducive
b B A = . A S — R A R H
. e N \ R
THRG NG, S BT 25 2R A A e R 1 R R v ) v

& Ree. Z B HIEFAELEY) 1 BRI U R A X
WORPEME B BN B, AR OBk R R A L
ZH AR TT BRI T T =R ISR R R B H AR (a)
Bk E S R AR T 5 e SN, AR A R ) 4
I A4 E &, AU (Al &0 7 SR RZ AL
ARSNGB A =4, (b)Y B HIHE A (A 44 1 ] — 44
SEAL A B BB T EAR I, 25 )R B2 7 1 R
FONASEF=Y); (o) AR 18 w] DARE Je SiAk & b i — oy
WAER, TR AR TV, d5 i 203 TR B S v
2E=).
242 HIEEE

NT IR B IR, BEAT T WIS LR SGIE R
(B 5B). TEARE R B2 R I RBAR R F NN H H D
11771 PO FR IR g LA ) (TEMPO) AT 2,6- — L T 3-4-
FJE Ry (BHT) I, s o2 7 F i, BB 1S 2= 1
PR . T S A AT I B T URCT AR O S
TEMPO 3R 724 25, MITIESE T iZ R M) JE 34
H B PIRE. R R T R 26 1R IS, BAr
GCRAT R T BRI A R SR 27, i
fi A% ) 4 7 AR T ()4 28, fhE ) 28 FERRIE N 4
TR AT GUR K 2R 43 1 P SEAZ AR R RS B RG24 2.
TX &5 TR 2R R A A 0 R TR I e v 44 TR T P Ak 4 TR
PR R AR FTRE S I T RN B 4E a, B oAz B a4
I, ZJE{EREEMER T RED T WK R NAZ 2] B bx
P

3 e

56 FH AR A 2 15 1) 4 S RLAR e e 4 i e 2 ALK 77
T A B P I A o 04 PRI 4 23 T S ik 4
SIS N, 127 S AT B ) JER 3 P Vi B AN E
FAME, O T A8 Togni 71HE L2 FEAL IR BREA,

Acta Chim. Sinica 2019, 77, 884—3888

© 2019 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

(B) Mechanistic experiments
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Figure 5 Proposed mechanism

“ Yields are based on 'H NMR analysis of reaction mixture with 1,1,2,2-
tetrachloroethane as internal standard on a 0.2 mmol scale
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0. J. Org. Chem. 1963, 28, 3093; (b) Habib, M. H.; Mallouk, T. E. J.
Flurorine Chem. 1991, 53, 53; (c) Ogawa, A.; Imura, M.; Kamada,
N.; Hirao, T. Tetrahedron Lett. 2001, 42, 2489; (d) Tsuchii, K;
Imura, M.; Kamada, N.; Hirao, T.; Ogawa, A. J. Org. Chem. 2004,
69, 6658; (e) Wallentin, C.-J.; Nguyen, J. D.; Finkbeiner, P.; Ste-
phenson, C. R. J. J. Am. Chem. Soc. 2012, 134, 8875; (f) Mizuta, S.;
Verhoog, S.; Engle, K. M.; Khotavivattana, T.; O’Duill, M.; Wheel-
house, K.; Rassias, G.; Médebielle, M.; Gouverneur, V. J. Am. Chem.
Soc. 2013, 135, 2505; (g) Wang, Y.; Wang, J.; Li, G-X.; He, G;
Chen, G. Org. Lett. 2017, 19, 1442; (h) Beniazza, R.; Remisse, L.;
Jardel, D.; Lastécoueéres, D.; Vincent, J.-M. Chem. Commun. 2018,
54, 7451; (j) Rawner, T.; Lutsker, E.; Kaiser, C. A.; Reiser, O. ACS
Catal. 2018, 8, 3950.

For selected examples of transition metal catalyzed perfluoroalkyla-
tion of alkene with perfluoroalkyl iodides, see: (a) Gil-Rubio, J.;
Guerrero-Leal, J.; Blaya, M.; Vicente, J.; Bautista, D.; Jones, P. G.
Organometallics 2012, 31, 1287; (b) Blaya, M.; Bautista, D.; Gil-
Rubio, J.; Vicente, J. Organometallics 2017, 36, 1245; (c) Zheng, J.;
Chen, P.; Yuan, Y.; Cheng, J. J. Org. Chem. 2017, 82, 5790.

For selected reviews on the synthesis and application of 1,
3-oxazines, see: (a) Schmidt, R. R. Synthesis 1972, 1972, 333;
(b) Sato, M.; Sunami, S.; Kaneko, C. Heterocycles 1996, 42, 861.

In the reaction of O-homoallyl benzimidates equipped with multi-
substituted alkene and trichloroacetimidate analogue of 1, no desired
product was detected, and most of the starting material remain un-
consumed.

Unreactive substrates:

NH Ph NH
Y Y

O~ Bn O\/\’/

Ph

(Cheng, F.)
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