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Preparation of Aryl Fused Pyrrolizidines via Intramolecular Schmidt
Reaction of Acyl Chlorides with Alkyl Azides

Li, Rui
(Key Laboratory of Energy Sources & Engineering and Department of Chemistry, Ningxia University, Yinchuan 750021)

Li, Qingfang Li, Xuegiang™ Gu, Peiming™

Abstract The intramolecular Schmidt reaction of acyl chlorides with alkyl azides was explored. Thirteen aryl substituted
azido carboxylic acids were prepared and applied to the Schmidt rearrangement. Activation of the carboxylic acids with oxalyl
chloride generated the acyl chlorides in situ, which would enhance the reactivity of the carbonyl group. The intramolecular
attack of azido group to the acyl chloride initiated the rearrangement, and the isocyanate ion intermediate was obtained from
the migration with the designed substrates. Finally, the nucleophilic addition of aromatic ring to the isocyanate ion furnished
the aryl fused pyrrolizidines. The substituents on the para-position of the aromatic ring would have obvious influence with the
conversion. The azido carboxylic acid prepared from the ethyl p-methoxyphenylacetate, with a methine carbon attaching to the
carbonyl group, gave the desired pyrrolizidine in very poor yield. Introducing an alkyl group to the methine carbon afforded
the substrate with a quaternary carbon next to the carboxylic acid, and Schmidt reaction of such substrate could efficiently
produce the aryl fused pyrrolizidine. The possible mechanism process was proposed to account for the different reactivity. In
summary, a wide arrange of aryl fused pyrrolizidines were efficiently prepared from the intramolecular Schmidt reaction of
acyl chlorides with alkyl azides followed by intramolecular capture of aryl rings to the isocyanate ion intermediates.

Keywords Schmidt reaction; azides; aryl fused pyrrolizidines; carboxylic acids
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Figure 1 Structure of azido carboxylic acid 1
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(4.0 equiv.) KB &I N, LA EIH bR &9, H
RN 50%. PR e 280 2 S B2 26 A (COCT), (4.0
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(Scheme 4).
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Figure 2 Structure of aryl fused pyrrolizines 2

3 X
3.1 UES5HF

Bruker 400 MHz #%#3E4R1%(CDCl; % 7); Spec-
trum Two ZLAMGIEAX; SGW X-4B B4k 554X IKA RCT
FEATRIRS 1428 Buchi R20 Jighs 78 kAL, 7 S vEE
FEENRG SRR, IET 248 (Acros); & AU
(Acros); B 5 (Acros); — % H R (Acros); —HIJETE
HA(Acros); FCA AR 2 B =50 (o A 4l), ¥ FIAE S
56 F 29 DA M7 V2 ok /K A B A
3.2 R B

&Y 3 ARSI &R, L 3a il 0 C R
i-Pr,NH (1.518 g, 2.1 mL, 15 mmol)f] VY5 EIR(THF) (5
mL)E I n-BuLi (8.0 mL, 1.6 mol/L in hexane, 13
mmol). ZAERTE 0 CM 30 min [FEE—78 C, &
18 I 2./ .15 (5a) (1.642 g, 10 mmol)J THF (5 mL)
WK, P 1 h JE, RPN EY) 6 (2.249 g,
1.2 mL, 11 mmol), BiJ5 & MAK RS T 2 =T
. AT NH,Cl (10 mL)E KM, 2./ ZHE5(10
mL X 3)EH, &IFH N, WA NaCl 5% (10
mL X 2). J7K Na,SO, T8 ik 46 J5 4 E AT 7 S 4ifb [ (4
R ZH8)/ V(A T BE) = 1/100] 15 7= 43R 35 (i ik 2-2K2L-5-
SRR 16 ((32)(2.234 g, IH 93%). Ry 0.50 [N LR
Big)/ V(47 k) =1/15]; '"H NMR (CDCls, 400 MHz) o:
1.20 (t, J=7.2 Hz, 3H), 1.69~1.77 (m, 2H), 1.91~1.97
(m, 1H), 2.16~2.21 (m, 1H), 3.49~3.56 (m, 3H), 4.06~
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4.17 (m, 2H), 7.24~7.34 (m, 5H); °C NMR (CDCl;, 100
MHz) 6: 14.2, 30.6, 30.8, 44.6, 51.1, 60.9, 127.5, 128.0 (2),
128.8 (2), 138.8, 173.7.

A 4 PAREMER LR, DL da N6 b &)
3a (0.481 g, 2 mmol)¥&f# T DMF (4 mL)H, IS %4N
(0.390 g, 6 mmol), IIFRPfAFRZ 80 C. TLC MifEx
NESERSE, R NAR R A B =R, REMA H0
(5 mL)yHKRPL RBAEZRIEIT OB OEE(10 mLX2)%
U, AFAHNHE, MRS H,0 (5 mL X 6). #3F1 NaCl
FIR(10 mL X 2)¥k¥5, To7K Na,SO, T8 IR4E &4 E T
Sy B A V(LR LR/ V(A HE) = 1/50148 7= P TG (i)
& 2-FERE-5-BBUNIR G (4a) (0.413 g, WO 83%). Ry
0.38 [V(ZIR ZB8)/ V(A1) =1/15]; 'H NMR (CDCls,
400 MHz) 8: 1.21 (t, J=7.2 Hz, 3H), 1.49~1.62 (m, 2H),
1.81~1.90 (m, 1H), 2.09~2.18 (m, 1H), 3.27 (td, J=7.0,
1.2 Hz, 2H), 3.53 (t, J=7.6 Hz, 1H), 4.05~4.20 (m, 2H),
7.25~7.35 (m, 5H); *C NMR (CDCls, 100 MHz) &: 14.1,
26.9, 30.6, 51.1, 51.3, 60.9, 127.4, 127.9 (2), 128.7 (2),
138.7, 173.6.

&P 1 k&, LL1a 8t =T, [ 4a (0.766
g, 3.1 mmol)¥& T THE/H,O (V : V=1 : 1, 14 mL)J{E %
s\ LiOH (0.792 g, 33.0 mmol), JHEZ 70 C[HI 5
h RBISER. HIRRE 2 % RN 2 mol/L HCUEH A R 2
BRI, R ZBE(10 mLX3)AEH, &IFANIMLE H0
(10 mLX3). 1 NaCl (10 mL X 2)¥kEk, K
Na,SO, T IRAR AL JZ T 73 B A [ LR L)/ V(A
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W)= 1/15]5 2 =P LR 1a (0.565 g, 83%HILH).
FEiR R, M 4a (0.766 g, 3.1 mmol)i#T THF/H,O (V!
y=1:1, 14 mL)K& R+ MA LiOH (0.792 g, 33.0
mmol), FHEZE 70 CHIVE 5 h RMB5ER. HARKERE
10 2 mol/L HCL A R R IRME, 4R AEE (10 mL X
3)AE, AN H0 (10 mLX3). #ifl NaCl
FE(10 mL X 2)e3, To/K NapSO, T-15 IRAE 4 E E My
IV LTER B8/ VR k) = 1/5 143 2174 TG (i ik 2-2K
F-5-BRILIE(1a) (0.565 g, W 83%). Ry 0.36 [V(LIR
ZI8)/ V(A EF)=1/5]; 'H NMR (CDCl;, 400 MHz) ¢:
1.47~1.66 (m, 2H), 1.84~1.94 (m, 1H), 2.09~2.20 (m,
1H), 3.25~3.31 (m, 2H), 3.58 (t, J=7.6 Hz, 1H), 7.28~
7.38 (m, 5H), 10.0 (bs, 1H); *C NMR (CDCls;, 100 MHz)
5 26.9, 30.1, 512, 127.8, 128.1 (2), 128.9 (2), 137.9,
180.0; IR (film) v: 2097, 1706 cm ™"
3.3 Schmidt EHE&R R SLI#E1E

DA 1a [A] 2a FALB)SCERERIE NG ST, A 1a
(0.102 g, 0.46 mmol)7& T DCM (10 mL)FI{A& & FF I\ &
S (COCI), (0.234 g, 0.16 mL, 1.84 mmol). M 1 h J5
BN TfOH (0.276 g, 0.16 mL, 1.84 mmol), JHEZ 50 C
SN 4 h, FARKE =R, 50% KOH %l Kz
Ri. R ZBR(10 mLX3)AEH, &IHAVIAMELEE H0
(10 mLX2), A1 NaCl % (10 mL X 2)¥#, oK
Na,SO4 T WAREATE Z T 7 B Al [ (L BR R/ V(A
TR = 1/5145 2 724 (i 44 55 3F N BEZ 2a (62 mg).
FEE 78%, A K. m.p. 48~49 C; R;0.35 [N LR
fig)/ V(A k) =1/1]; '"H NMR (CDCl;, 400 MHz) o:
1.08~1.24 (m, 1H), 2.24~2.37 (m, 3H), 3.36~3.45 (m,
1H), 3.64~3.71 (m, 1H), 4.64 (dd, J=10.8, 5.2 Hz, 1H),
7.39~7.51 (m, 3H), 7.75 (d, J=8.4 Hz, 1H); “C NMR
(CDCls, 100 MHz) 6: 29.3, 29.9, 42.0, 64.8, 122.8, 124.0,
128.4, 131.7, 133.7, 146.5, 171.7; IR (film) v: 1691 cm ';
HRMS (ESI) caled for C;;H;,NO (M'+H) 174.0915,
found 174.0913.

FIFNEEZ 2b: FEE 61%, AMGEK. mp. 82~
83 C; Ry 0.37 [M( LR LER)/ V(A Ef)=1/1]; '"H NMR
(CDCls, 400 MHz) &: 1.10~1.22 (m, 1H), 2.21~2.35 (m,
3H), 2.38 (s, 3H), 3.34~3.40 (m, 1H), 3.62~3.69 (m,
1H), 4.60 (dd, J=10.8, 5.2 Hz, 1H), 7.26~7.55 (m, 3H);
BC NMR (CDCl;, 100 MHz) §: 21.4, 29.3, 30.0, 41.9,
64.6, 122.5, 124.2, 132.6, 133.8, 138.4, 143.8, 171.9; IR
(film) v: 1689 cm ™.

77 W BEIE 2¢: 77 13%, TLOBIK; R 0.17 [(&
& Z.1)/ V(£ i B¥)=1/1]; '"H NMR (CDCls, 400 MHz) ¢:
1.17~1.22 (m, 1H), 2.25~2.39 (m, 3H), 3.39~3.45 (m,

2330 http://sioc-journal.cn/
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1H), 3.65~3.79 (m, 1H), 3.89 (s, 3H), 4.62 (dd, J=10.4,
5.2 Hz, 1H), 7.06~7.09 (m, 1H), 7.26~7.32 (m, 2H); *C
NMR (CDCl;, 100 MHz) d: 29.4, 30.2, 42.1, 55.8, 64.5,
106.8, 120.1, 123.7, 135.2, 138.9, 160.3, 171.8; IR (film)
v: 1690 cmfl; HRMS (ESI) caled for C,H4,NO, (M++H)
204.1021, found 204.1019.

77N BEE 2d: PR 49%, AEEE. mp. 84~
86 C; Ry 0.37 [M( LR LER)/V(H MiEF)=1/1]; 'TH NMR
(CDCls, 400 MHz) 6: 1.09~1.36 (m, 1H), 2.22~2.41 (m,
3H), 3.35~3.43 (m, 1H), 3.66~3.73 (m, 1H), 4.61 (dd,
J=10.4, 5.2 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H), 7.60~7.63
(m, 1H), 7.84~7.94 (m, 1H); *C NMR (CDCl;, 100
MHz) §: 29.3, 29.8, 42.1, 64.5, 122.5, 124.4, 127.2, 134.6,
135.8, 145.1, 170.0; IR (film) v: 1697 cm "

ZEIFNERIE 2e: 2% 75%, AMEE. mp. 122~
124 °C; Ry 0.55 [M(LBR Z.B8)/ V(A ih#)=1/1]; '"H NMR
(CDCls, 400 MHz) 6: 1.11~1.34 (m, 1H), 2.27~2.40 (m,
3H), 3.71~3.80 (m, 1H), 3.42~3.48 (m, 1H), 4.69 (dd,
J=10.4, 5.2 Hz, 1H), 7.46~7.66 (m, 3H), 7.88 (d, J=8.4
Hz, 1H), 7.96 (d, J=8.4 Hz, 1H), 9.17 (d, J=8.4 Hz, 1H);
C NMR (CDCl;, 100 MHz) §: 29.6, 29.9, 42.3, 64.6,
120.1, 124.0, 126.5, 127.2, 128.0, 128.1, 129.6, 132.7,
133.3, 147.4, 173.4; IR (film) v: 1677 cm™'; HRMS (ESI)
caled for CysH sNO (M " +H) 224.1072, found 224.1070.

&Y 2f 5 20 S E R 68%, HELHIAN 11 0.3.

75N B 2f EEEA. mp. 108~110 C; Ry
0.14 [V(ZTR L ER)/V(F Mifik)=2/1]; '"H NMR (CDCl,,
400 MHz) 6: 1.21~1.26 (m, 1H), 2.23~2.35 (m, 3H),
3.35~3.41 (m, 1H), 3.64~3.71 (m, 1H), 3.86 (s, 3H),
4.61 (dd, J=10.4, 5.2 Hz, 1H), 6.90 (d, J=2.0 Hz, 1H),
6.95 (dd, J=8.4, 2.0 Hz, 1H), 7.68 (d, J=8.0 Hz, 1H); "*C
NMR (CDCl;, 100 MHz) d: 29.2, 30.0, 42.2, 55.7, 64.5,
107.8, 114.9, 125.4, 126.2, 148.9, 163.0, 172.0; IR (film) v:
1683 cm '; HRMS (ESI) caled for C,H;NO, (M +H)
204.1022, found 204.1019 (mixture of isomers).

75N B 2f: AEEA. mp. 142~143 C; Ry
0.23 [V(ZFR LER)/V(F k) =2/1]; '"H NMR (CDCl,,
400 MHz) 6: 1.19~1.25 (m, 1H), 2.23~2.34 (m, 3H),
3.35~3.40 (m, 1H), 3.65~3.73 (m, 1H), 3.95 (s, 3H),
4.59 (dd, J=10.4, 5.2 Hz, 1H), 6.87 (d, J=8.0 Hz, 1H),
6.98 (d, J=7.6 Hz, 1H), 7.45 (dd, J=17.6, 8.0 Hz, 1H); "°*C
NMR (CDCl;, 100 MHz) d: 29.1, 30.2, 42.5, 56.0, 64.1,
110.5, 115.0, 120.6, 133.6, 149.5, 157.5, 171.2; IR (film) v:
1690 cm'; HRMS (ESI) caled for C,H;NO, (M +H)
204.1022, found 204.1019 (mixture of isomers).

Chin. J. Org. Chem. 2015, 35, 2326~2332
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&Y 2g 5 2g =20 48%, HELHIy 1 1 0.6.

75 N B 2g: AR, mp. 117~119 C; Ry
0.36 [V(ZLIR LB/ V(A iik)=1/1]; '"H NMR (CDCl,,
400 MHz) 6: 1.21~1.29 (m, 1H), 2.27~2.41 (m, 3H),
3.39~3.45 (m, 1H), 3.69~3.76 (m, 1H), 4.65 (dd, J=
10.4, 5.8 Hz, 1H), 7.42~7.44 (m, 2H), 7.71 (d, J=8.4 Hz,
1H); *C NMR (CDCl;, 100 MHz) 6: 29.2, 29.8, 42.2, 64.4,
123.4, 125.4, 129.1, 132.3, 138.1, 148.0, 170.7; IR (film)
v: 1694 cmfl; HRMS (ESI) caled for C;;H;;CINO (M++
H) 208.0526, found 208.0524 (mixture of isomers).

77 I N LR 2g": B AEA. mp. 78~79 C; R;0.48
[V B8 . B88)/ V(A ) =1/1]; '"H NMR (CDCls, 400
MHz) d: 1.21~1.30 (m, 1H), 2.25~2.39 (m, 3H), 3.38~
3.44 (m, 1H), 3.72~ 3.79 (m, 1H), 4.62 (dd, /=10.4 Hz,
5.2 Hz, 1H), 7.29~7.45 (m, 3H); *C NMR (CDCl, 100
MHz) 6: 29.0, 30.1, 42.5, 63.6, 121.4, 129.8, 130.1, 131.6,
132.6, 149.0, 169.5; IR (film) v: 1697 cm™'; HRMS (ESI)
caled for C,;H;,CINO (M " +H) 208.0526, found 208.0524
(mixture of isomers).

ZEIFNEERE 2h: PRE T5%, AFOER. mp. 123~
125 °C; Ry 0.31 [M( LR LBR)/ V(A iE#)=1/1]; '"H NMR
(CDCls, 400 MHz) §: 1.92~2.18 (m, 3H), 2.68~2.73 (m,
1H), 3.70~3.75 (m, 1H), 3.92~3.99 (m, 1H), 4.95~5.05
(m, 1H), 7.34 (d, J=7.2 Hz, 1H), 7.46 (t, J=8.0 Hz, 1H),
7.54 (t, J=8.0 Hz, 1H), 7.75 (d, J=8.4 Hz, 1H), 7.91 (d,
J=8.0 Hz, 1H), 831 (d, J=7.6 Hz, 1H); *C NMR
(CDCls, 100 MHz) 6: 22.0, 32.9, 44.9, 60.3, 122.5, 125.9,
126.0, 126.28, 126.33, 126.6, 128.4, 131.4, 132.5 (2),
161.9; IR (film) v: 1647 cm™".

&Y 21 5 207208 37%, HELBIA 11 08.

77N BERE 21 AEEE. mp. 118~120 C; Ry
0.36 [M(LFR L8/ V(A iEf)=1/1]; '"H NMR (CDCl,,
400 MHz) 6: 1.21~1.32 (m, 1H), 2.27~2.48 (m, 3H),
3.38~3.44 (m, 1H), 3.69~3.76 (m, 1H), 4.65 (dd, J=
10.4, 5.6 Hz, 1H), 7.58~7.66 (m, 3H); *C NMR (CDCls,
100 MHz) d: 29.2, 29.8, 42.2, 64.3, 125.6, 126.3, 126.5,
132.0, 132.8, 148.2, 170.7; IR (film) v: 1697 cm™'; HRMS
(ESI) calcd for C,;H;;BrNO (M+—|-H) 252.0019, found
252.0022 (mixture of isomers).

75 FF NI 24 AR mp. 78~80 C; Ry 0.46
[V(Z. T Z.B8)/ V(4 k) =1/1]; '"H NMR (CDCls, 400
MHz) d: 1.15~1.26 (m, 1H), 2.21~2.34 (m, 3H), 3.34~
3.40 (m, 1H), 3.69~3.76 (m, 1H), 4.57 (dd, J=10.4, 5.2
Hz, 1H), 7.30~7.36 (m, 2H), 7.55 (d, J=7.2 Hz, 1H); °C
NMR (CDClLs, 100 MHz) d: 28.9, 30.1, 42.5, 63.3, 119.0,
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122.0, 131.2, 132.6, 133.3, 149.1, 169.6; IR (film) v: 1699
cm '; HRMS (ESI) caled for C;;H;;BINO (M "+ H)
252.0019, found 252.0022 (mixture of isomers).

A BEE 25 FEE 43%, AMGEAR. mp. 72~
74 °C; Ry 0.36 [M(ZFR Z.B8)/ V(A1 k) =1/1]; '"H NMR
(CDCls, 400 MHz) §: 1.14~1.25 (m, 1H), 2.25~2.41 (m,
3H), 3.37~3.43 (m, 1H) , 3.65~3.72 (m, 1H), 4.62 (dd,
J=10.4, 5.2 Hz, 1H), 7.17~7.22 (m, 1H), 7.36~7.42 (m,
2H); *C NMR (CDCl;, 100 MHz) 6: 29.3, 30.0, 42.1, 64.4,
110.7 (F-C-C, J=24.0 Hz), 119.1 (F-C-C, J=24.0 Hz),
124.3 (F-C-C-C, J=9.0 Hz), 135.9 (F-C-C-C, J=8.0 Hz),
141.9, 163.0 (F-C, J=245.0 Hz), 170.4; IR (film) v: 1694
cmfl; HRMS (ESI) caled for C;;H;;FNO (M++H)
192.0821, found 192.0819.

FFIENEL G 2k PEER T1%, FHOEE. mp. 149~
150 °C; Ry 0.11 [M( LR ZB8)/ V(A ihE)=1/1]; '"H NMR
(CDCls, 400 MHz) 6: 1.10~1.20 (m, 1H), 2.17~2.33 (m,
3H), 3.30~3.35 (m, 1H), 3.56~3.63 (m, 1H), 3.85 (s,
3H), 3.89 (s, 3H), 4.53 (dd, J=10.4, 5.6 Hz, 1H), 6.85 (s,
1H), 7.17 (s, 1H); *C NMR (CDCls, 100 MHz) §: 29.3,
30.0, 42.1, 56.2 (2), 64.4, 104.9, 105.4, 125.6, 140.5,
149.7, 152.6, 172.4; IR (film) v: 1685 cm "

77 3 BRI 21 775 68%, LMK, Ry 0.43 [(4
R Z.18)/ V(A7 i B¥)=1/1]; '"H NMR (CDCls, 400 MHz) o:
0.54~0.58 (m, 3H), 1.43~1.46 (m, 1H), 1.80~2.00 (m,
3H), 2.25~2.33 (m, 2H), 3.25~3.27 (m, 1H), 3.76~3.84
(m, 4H), 7.02~7.05 (m, 1H), 7.18~7.21 (m, 2H); "*C
NMR (CDCls, 100 MHz) d: 8.0, 28.5, 28.7, 34.4, 40.9,
55.7,73.4,106.6, 120.0, 122.5, 134.5, 142.4, 160.0, 171.6;
IR (film) v:1691 cm .

77 3 NG 2m: PR T7%, FEEWRAE. Ry 0.49 [(4
& Z.18)/ V(A7 i B¥)=1/1]; '"H NMR (CDCls, 400 MHz) 6:
0.55 (t, J=7.2 Hz, 3H), 1.44~1.50 (m, 1H), 1.84~2.02
(m, 3H), 2.26~2.31 (m, 2H), 3.23~3.29 (m, 1H), 3.81~
3.84 (m, 1H), 7.31 (d, J=7.6 Hz, 1H), 7.38 (td, J=7.6, 0.8
Hz, 1H), 7.48 (td, J=7.6, 0.8 Hz, 1H), 7.71 (d, J=7.6 Hz,
1H); *C NMR (CDCl;, 100 MHz) J: 8.0, 28.3, 28.7, 34.2,
40.9, 73.7, 121.6, 123.9, 128.2, 131.8, 133.1, 150.0, 171.7;
IR (film) v: 1694 cm™'; HRMS (ESI) calcd for Cj3H;(NO
(M"+H) 202.1228, 202.1226.

5 Bh#4 &l (Supporting Information) & N J& 4 1 1] #%

I FE DL AR R Y B0 S A . IX e LT LS B
AT 3 (http://sioc-journal.cn/)_F T %K.
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