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Catalytic Asymmetric exo—Selective 1,3-Dipolar Cycloaddition of
Azomethine Ylides and Ethyl Cyclopropylidene Acetate for
Construction of 5—aza—Spiro[2,4]heptane Motif

Li, Qinghua “ Huang, Rong “ Wang, Chunjiang o

(“ College of Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072)
(® State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract A direct and facile access to highly functionalized 5-aza-spiro[2,4]heptane derivatives is developed via
Cu(CH;CN),BF/DTBM-BIPHEP-catalyzed asymmetric exo-selective 1,3-dipolar cycloaddition of azomethine ylides with
ethyl cyclopropylidene acetate for the first time. The Cu(CH;CN),BF,/DTBM-BIPHEP complex was identified as the opti-
mal catalyst for the exo-selectivity. The reaction was carried out smoothly with wide substrate scope, and electron-deficient,
electron-neutral and electron-rich aryl substituted imino esters were all compatible with the reaction, affording the
S-aza-spiro[2,4]heptane adducts containing three tertiary stereogenic centers and one spiro quaternary center in moderate to
good yield (53%~83%) with excellent diastereoselectivity (=98 © 2, dr) and high enantioselectivity (up to 99% ee). The
less reactive alkyl substituted imino ester derived from butyraldehyde was also tolerated in this annulation. The absolute
configuration of the cycloadduct was unequivocally determined to be (4R,6S,7S) by X-ray analysis of N-tosylated derivative
of exo-3a. Based on the relative and absolute configuration of the exo-cycloadducts, we proposed that an exo approach of
ethyl 2-cyclopropylidene acetate to the copper(I) complex occurred predominantly because of the disfavored steric repulsion
generated in the endo approach between the substituents of ethyl 2-cyclopropylidene acetate and the large bulky aryl group
on the phosphorus atom of the chiral ligand. The produced 5-aza-spiro[2,4]heptanes fragment is widely present in many
bioactive carbapenems derivatives, HSR-903 and substituted oxazolidinones. The optically active compounds with different
stereoselectivities show different biological activities, therefore, it is important to develop the atom economical method for
the asymmetric synthesis of biologically active exo-selective 5-aza-spiro[2,4]heptane derivatives.

Keywords  asymmetric catalysis; 1,3-dipolar cycloaddition; azomethine ylide; ethyl cyclopropylidene acetate;
5-aza-spiro[2,4]heptane
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Figure 1 Some representative spirocyclic pyrrolidine-containing bioac-
tive molecules
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Previous work
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< This work
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(5 mol%)
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Figure 2 endo-Selective (previous work) or exo-selective (this work) construction of 5-aza-spiro[2,4]heptane motif via 1,3-dipolar cycloaddition of azo-

methine ylide with ethyl 2-cyclopropylidene acetate
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I 2P0 H K 5 endo- & B R B B B G L. % T
Cu(CH;CN),BF, 1 by 45 I i S 107 A4 73 280 A v P
FRFNKF L% M (Entries 1, 2), ATTK Cu(CH;CN),BF,
iff R 2 Y R R 4 S . 3 T A A
{183 20 1) A7, BEL B b P S g I i e AR ) e 3o B P 2 7 AR AR
KIEEm, 76 FiRSab Bent b JATI0E HA JLASH WL XL
BERCARIEAT T 2558 M TF-1E(S)-BINAP i 2Rk
X FEIEREEARR IS, WSORFH AT FRAR, AL 5. IR il 16
BAA TS, AT 78% ee (Entry 3). 44l 4T
BB S 288 AR 11 XL B 44 (S)-MeO-BIPHEP (L3)H, o m ik
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Bt 44 (R)-DTBM-SEGPHOS (L4) #1 (R)-DTBM-BIPHEP
(L5Yiz I RZ N, 2% 13- 1B RN s S5 N 7 AR AR
SEI exo-A X IR IE B AT, B N PRt I 3% Rt
MR E] 89% ee Fl1 90% ee (Entries 5, 6). A, FATH
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R GJR D TR TR FR LY L 4R 40 1 5 %
7 20 2 5 HHEACASKERR 13- ER 0 A 5 7 A PR 56 )
Table 1 Effect of the metal salts and chiral ligands on the asymmetric
1,3-dipolar cycloaddition of ethyl cyclopropylidene acetate 1 and azome-
thine ylide 2a

CeHa-Cl- COLEt
EtO,C < 6rg-Cl-p MIIL .
g + \N (5 mol%) Moo
DM | e =
< EtzN, DCM, r.t. 2 H CgHy-Cl-p
COzMe
exo-3a
(>98:2 dr)
PPh, PTol, MeO PPh,
S
S)-BINAP (L1) S)-Tol-BINAP (L2) (S)-MeO-BIPHEP (L3)

<O C

O P Bu-t/» MeO : % Butz

1) (QI > <g>
Bu-t A

o]
(R)-DTBM-segphos (L4) R)-DTBM-BIPHEP (L5)

Entry* M] L Time/h Yield/% ee/%
1 AgOAc L1 18 70 52
2 Cu(CH;CN),BF, L1 12 77 68
3 Cu(CH;CN),BF, L2 12 70 78
4 Cu(CH;CN),BF, L3 12 77 56
5 Cu(CH;CN),BF, L4 12 68 89
6 Cu(CH;CN),BF, L5 12 74 90

© 2014 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢RI 0.23 mmol; P4y B, © RN dr 1 TH NMR B E, ee
{4t HPLC &,

2.2 W BT RIRE X R BRI R 50 5

TEALH] Cu(CH3CN)4BF4/(R) DTBM-BIPHEP i1k,
FIREAE T, FATFEEE T 08 95571 Sl B s W o ik
PerEfsem, 510k 2. })@%EP AL 4P DBU
B FAVEDRIT, ISR R 2 82%, (HAEXT ee {33547
S (Entry 2), 1 4 3AT 226448 LA Cs,COs I MY,
W AR, AT ee T BE{K(Entry 3). 4L DBU fE
BRI, FRATTIE % 52 T 500 RN R Y. IR 56 ).
RIBRT LBk, fEVUEIER . SR CHE H 2R RNV
HBETS B0 WOk PRI R 22 0 45 K (Entries 4~7). 456
N Y I B R e B, A R A A A R R
F\“E’Jﬁaﬂirﬁu T IRAG S R M B, T ATk

G ST Il EERT N TR R P ()5, 4 DATE P
Bﬁmﬁﬁ Cs,CO; VE MBI, SV ERE 4 —20 CH, %
PG IR, ee (HH BHER (94% ee, Entry 8),
HE— PR R AL 25 —40 °C, RN ee fH Fii5 96%,
DR PR FRAN T 2 o £ S It 5 ok — 40 °C.
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Table 2 Effect of base, solvents and temperature on the asymmetric Table 3 The evaluation of substrate scope
1,3-dipolar cycloaddition
R CO,Et
CgH4-Cl-p LCO,Et EtO,C < Cu(l)/L5 S
EtO,C \< Cu(lyL5 s l N (5 mol%) o
5 mol% ————————— MeO, R
l + N _Om®)__eo,cm NP CaHeClp ( Cs,C03, DCM N
< Base, solvent H COMe  _40°C, 24 ~ 28 h
CO,Me ToC 1 exo-3
1 exo-3a 2 (> 98:2 dr)
2a (> 98:2 dn)
a saldb C
Entry” Base Solvent T/°C  Time/h Yield/% ee/% Entry R 3 Yield /% ee’l%
1 NEt, DCM  rt. 12 74 90 ! p-Cl-CeH, (22) 3a 80 96
2 DBU  DCM  rt 12 82 89 2 m-Cl-CcH, (2b) 3b 68 94
3 Cs,CO,  DCM  rt. 8 88 85 ke 0-Cl-CeHa (2¢) 3¢ X 96
4 DBU Et,O It 12 67 89 4 p-F-CH (2d) 3d 72 4
5 DBU THF It 12 86 78 3 Ph (2¢) 3e 74 95
6 DBU EA It 12 68 79 6 p-Me-CeH (20) 3f 81 95
7 DBU  toluene  rt. 12 79 81 7 o-Me-CiH (2g) 3¢ 6l 2
8 CsCO;  DCM  —20 20 84 94 8 m-Me-C¢Hy (2h)  3h 70 95
9  Cs,CO, DCM  —40 28 80 9 ? p-MeO-GeHa (2))  3i 83 96
@R K 0.23 mmol; © 43K C RN dr B TH NMR LS 2, ee 10 1-Napthy! (2j) 3j 60 99
fii iy HPLC . 1 n-Pr (2K) 3K 53 48

23 EYHMEEEER

Wit FIRSAESEE, BATI R 12 B V1) g e S 4
fF}: —40 ‘CF, Cu(CH;CN),BF,/(R)-DTBM-BIPHEP
HHEALH], DCM WIEF, Cs,CO3 MR, %S T, &
AT IR )G AT T %42, S & RN 3.

5, BATHEEE T WP R ST R 2 I RSE IR
B PR BT [ N ) 52 (Entries 1~4), X288 1%+
SR IS 52 W PR 6o BRI R Pk 3 V8 AT K R i, 54 21
TR exo-ARXTWUERENE(>98 1 2 dr) Rl mpdl L £
YETH B2 0(94%~97% ee), 1H T BUREE KA B A
[F) 5 3550 119 25 TR AR BHL 222 e A JF ) Jse NG9 1 A — 2 PR R
PEBRABCR ) TR 20 SR Y Yl it ST AT 44 2D, 2¢
SN AFEI RGP 3b (68% yield) Al 3¢ (63%
yield). ZRFE F AN E IO I 1 fEL A 2 19 W e v 7 e iy
4 2e (Entry 5)7E1% SO NA AN A 153 RAFIRCR L @it
W PENE HFR 2> T 3e (74% yield, 95% ee). Tk, 7K
B g i PRI TR Y R i A7 4844 2f~2i (Entries
6~ 9)th R I H ¢ = IR (70% ~ 83%  yield) S AR 75 (1)
ee {E(95%~96% ee). A PHER K148 H LR T 2¢g
0 A] DRI R e A XA AR R T, 45 R AT Y.
T B R PR (61% yield, 92% ee). LA BHEL K (K
1-ZESE IR W M R 15 2§ Sk S0 FR e p S Al i A i, BRAT T3k
137 A S L 99% ee (AN H AR 3j (Entry
10). 535k, TAT1EH 5T HEbL AR i 2k, A%
AR T PR W R i ik S BB T AR BB AR AL AR 1 R A
WA BAR I IR DB =4, RV 0 e ek AR s, (R
FUIRAG T o A5 1A i 6 (Entry 11).
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Figure 3 Tosylation of the cycloadduct exo-3a

WA DI LER R R, FRATTHEN 1% exo-LEHE
PR 13- AR I p S B m] RE L S I 5 s, <&
Jogs 4 2 A7 LA K (10 XU i P A A B I 37 7 A ) - ST 7
RS DU T A IR HEAG AR 0P, b XUBRIE #A_E K R
AL FEM, SRR 1P L T3 LR LR BE 5 1 A
AP AN SR, A2 exo- A4 3 ™
Y. MR endo- K4 R IRV EA TN G W) I8 3 IRl gt —
ARERAM IR, P H A BRI (B AR 4-
AR A -3,5- U T IR A B AN R b P ) A7
M) B AR AR .

http://sioc-journal.cn 833



Bl 4 (4R,6S,75)-4a (1184 5L 45 H

Figure 4 X-ray structure of (4R,6S,7S)-4a

Crystal data for (4R,6S,75)-4a: Cp4H,sCINOgS, Mr=490.96, T=293 K, Or-
thorhombic, space group P2(1)2(1)2(1), a=9.6883(11), b=15.3079(18), c=
16.5032(19) A, ¥=2447.5(5) A3, Z=4, 5042 reflections measured, 4522
unique (Rin=0.0293) which were used in all calculations. The final wR,=
0.1166 (all data), Flack y=0.04(7). CCDC 991750 (4a)

1 CO,Me
PYAREN
= [ sNH
EtO0C"'7 &%,
S R
endo-adduct
EtO (6,7-cis)
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