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Reactivities of Substituted Azulenone: Strategic Exploration on the
Novel Synthesis of Colchicine

Yue, Xiaodong Chen, Li* Li, Weidong*
(State Key Laboratory of Elemento-organic Chemistry, Nankai University, Tianjin 300071)

Abstract Strategic exploration towards a novel synthesis of colchicine based on the angular aryl-substituted azulenone 2a is
reported. Unique reactivities of 2a are documented in this report which features the valency tautomerization of tropilidene <>
norcaradiene. The starting azulenone 2a was readily prepared by an unusual condensation of bis-(trimethoxy)phenylketene
with ethoxyacetylene according to an earlier discovery by Nieuwenhuis and Arens in 1958. Although the mechanism of this
transformation was rationalized later by Woodward and Barton respectively, the synthetic value of this reaction has not been
demonstrated so far. We envisioned an interesting strategy towards the synthesis of colchicine via an addition-ring expension
pathway (2b — 2c¢). Hydride reduction of 2a followed by acidolysis afforded a spirocycle 4 instead of the anticipated az-
ulenone intermediate 2b, via presumably the vanlency tautomer 3a. Upon further hydride reduction and acidic hydrolysis 4
was converted into the rearranged azulenone S along with naphthalene 6. Treatment of azulenone 5 with triflic acid led to a
bridge cyclic enone 8, a facile Friedel-Crafts type cyclization product. While mild acidic conditions resulted in the cleavage
of the fused cyclopentenone. Azulenone 13 was readily prepared from 2a via partial hydrogenation, hydride reduction, and
acidolysis. Upon treatment with triflic acid, 13 was transformed into the angular aryl-shifted enone 14 stereospecifically, via
presumably a cationic cyclopropane intermediate 15. In summary, although azulenone derivatives 5 and 13 synthesized from

2a did not undergo the planned transformation, other intriguing reactivity patterns were revealed.
Keywords Azulenone; tautomerization; rearrangement; colchicine; total synthesis
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Scheme 1 Formation of azulenone 2: Woodward and Barton mechanism
OMe

c=0 o
Q OMe

2a (X-ray)

¥
. OMe
MeO.Y !
MeO e
MeO O»
2b

MeS by O

+

B 2 BEHT 2a A ORI RSk

Scheme 2 Strategic plan for colchicines synthesis from azulenone 2a
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(R 538 28 60 S Xoray SR RS AL (KIS 5). AT
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R E— 28 A2 1 AT B Je 6 A A B0 T M B 445 il
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I (CHT) M &R (W A7 A0 0] T T A% S5 48 Ay ~F- 1 v ) 4

NCD 25 At [ W, 3% e W RE ML A FRA 1 %5 pE o ik
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R, MACEAGBEEEY) 2a T RIEAG ) 11 (50%),
W =T AR I SR K B S R R K i DA rp A5
WCRAFBEE 12, 8 F R ZAR IS PR YE S, I
12 76 =5 PR . O °C IS LAASE U (R R M1 BV B =)
13. {EBEJG I — RV PE S AE 0 S NI FE R R I, 5
13 76 = RUFRER . 40 CA&AF LG —PEh AR T 05
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BIR 7 SO IE B T IS A S
Scheme 7 Valency tautomerization of azulenone cation
0 C, MWhNHEEES(12.7 g, 100 mmol), fEiNsekE, 7=
R 10 h, PR BR S RN AR B E S, 331
A & b/ IE A EA s, BT 2,2-%
(2,3,4- = HEIERID) 4R (16.42 g, 77K 80%), M1t
ik, m.p. 96~98 ‘C; 'H NMR (400 MHz, CDCl;) §:
3.83 (s, 6H, 20CH;), 3.87 (s, 6H, 20CH3), 3.91 (s, 6H,
20CH,), 5.81 (s, 1H, CH), 6.61 (d, J=8.8 Hz, 2H, CH),
6.68 (d, J=8.8 Hz, 2H, CH); '*C NMR (100 MHz, CDCl5)
5: 44.6 (CHCOCI), 56.1, 60.8, 60.9, 107.0, 123.7, 124.3,
142.2,151.8, 153.3, 179.9 (C=0).
42 22-Z-234-ZBREEFE)CHIN 1a HERK

RS, 0 CHAFT, 1 2,2-2-2,3,4- = KK
) LIS (14.4 g, 35 mmol)[¥) 70 mL &0 F5E H 2212
= Z.8%3.6 g, 36 mmol), KMNIiER, ZJE A 600 mL
IO, B s A, ook, WURBR A, AR
O [ AR GK SRS, g, REIE Y 1a (697 g, T
R 53%), HO K, mp. 94~96 C; 'H NMR (400
MHz, CDCly) &: 3.85 (s, 6H, 20CH;), 3.89 (s, 6H,
20CH;), 3.90 (s, 6H, 20CH3), 6.63 (d, J=8.8 Hz, 2H,
CH), 6.67 (d, J=8.8 Hz, 2H, CH); *C NMR (100 MHz,
CDCly) d: 37.6, 56.3, 61.1, 108.2, 118.6, 123.2, 142.6,
150.8, 152.5, 198.2 (C=0); IR (CDCl;) v: 2095 cm .
4.3 HEILEY 2a IS

ERA, EWLR, F4EET 1a (1.5 g, 4 mmol)ff) 8 mL
il HE G, NN Z5 0 4 04(0.4 g, 5.5 mmol), 7
AR M, E 50 CMN 12 h &, WERRZER, H
T k43 2 (petroleum ether/EtOAc 5 : 1, V/V), 1554k
o) 2a (0.53 g, 77 30%), HEAEAE, mp. 164~165
‘C, R¢=0.3 (petroleum ether/EtOAc 1 : 1, V/V); '"H NMR
(600 MHz, CDCLy) d: 1.45 (t, J=7.2 Hz, 3H, CH3), 3.15
(s, 3H, OCH3), 3.61 (s, 6H, 20CH3), 3.65 (s, 3H, OCHj,),
3.70 (s, 3H, OCHj3), 3.72 (s, 3H, OCH3), 4.08~4.17 (m,
2H, OCH,), 5.24 (s, 1H, CH), 6.03 (d, J=9.6 Hz, 1H, CH),
6.25 (d, J=10.2 Hz, 1H, CH), 6.42 (d, J=9.0 Hz, 1H,
CH), 6.80 (d, J=9.0 Hz, 1H, CH); °C NMR (150 MHz,
CDCly) 6: 14.2, 55.6, 55.8, 58.7, 59.5, 59.8, 60.2, 60.8,
67.5, 101.3, 105.6, 119.8, 123.1, 123.2, 123.9, 134.8,
1412, 142.6, 147.0, 151.9, 153.0, 180.5, 202.7; IR (film)
v: 2938, 1688, 1595, 1553, 1461, 1376, 1348, 1108 cm ';

http://sioc-journal.cn 2033
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HRMS (ESI) caled for CoyHyOg 445.1857 (IM+H]Y),
found 445.1863.
4.4 ZIMLE 4 IEK

R/, 0 °C, AR, &Y 2a (53 mg,
0.12 mmol) i PYZEMEIE(10 mL)¥E B i in = 2. %1 mL,
7.2 mmol), 10 min J&, [a] 3 H 2218 N Dibal-H (1 mol/L
in hexane, 0.6 mL, 0.6 mmol), X 2 h J5, A
Na,SO410H,0 FE S TR A i K N, #E, g,
RO B 22000, R R T 60 mL £, PRI
10 mL 1 mol/L (1R, KIZIHiHE 5 min J5, #E )=,
A LA UK v R B S Ah, 7K, TE /KB IR M 1 g,
TR, B B R, fE R AE 4> (petroleum  ether/
EtOAc 6 : 1, V/V), 1343kE4) 4 (30 mg, 7% 62%), %
WO EAA, mp. 90~92 ‘C (decomp.), Ry=0.55 (petro-
leum ether/EtOAc 3 : 2, V/V); 'H NMR (400 MHz,
CDCly) &: 1.28 (t, J=7.2 Hz, 3H, CHs), 3.76 (s, 3H,
OCH3), 3.80 (s, 3H, OCHj3), 3.82 (s, 3H, OCHj3), 3.86 (s,
3H, OCHj,), 3.89 (s, 3H, OCH3), 3.94 (m, 2H, OCH,), 5.52
(d, J=2.8 Hz, 1H), 6.14 (d, J=9.6 Hz, 1H), 6.41 (d, J=
9.6 Hz, 1H), 6.47 (d, J=8.8 Hz, 1H), 6.81 (d, J=8.8 Hz,
1H), 7.21 (d, J=2.8 Hz, 1H); *C NMR (150 MHz, CDCl5)
5 14.2, 55.9, 59.8, 60.4, 60.6, 60.8, 64.4, 66.2, 102.8,
107.1, 120.3, 121.5, 129.6, 130.2, 133.4, 141.1, 142.9,
1447, 152.1, 152.3, 160.0, 163.1, 185.6; IR (film) v: 2940,
1721, 1650, 1595, 1492, 1288, 1207, 1098 cm '; HRMS
(ESI) caled for CypH,0, 415.1751 ((IM+H]"), found
415.1744.
45 BRLEY 5 FEIRMLEY 6 RIS

FEG/ T, 0 °C, SFRFATT, AL EY) 4 (264 mg,
0.66 mmol)[{ TG/K ZEE(15 mL)EW A CeCl;-7H,0
(246 mg, 0.66 mol), 20 min Ji5, /I A NaBH, (100 mg, 2.64
mol), KM 10 min 5, MIZKEK N, KA CBEFEHY,
A WU TR £ 2K, ToKBRERAN T4, oL J8, Wk
RS, 19 2I0HL™ W7 THF (30 mL)H, 7E4
K, 0 C, BEHEAAE R, I 0.1 mol/L #h#%(0.3 mL), X
V6 h i, IIAMLRIRR RN K N, T CBEAEEL, 7K
Ve, TKBRIREN T4, ok, wokBR LR, fERA sy
& (petroleum ether/EtOAc 10 : 1, V/V), 184L&W) 5 (126
mg, J7E 52%), R EE AR, mp. 155~156 C, R=
0.68 (petroleum ether/EtOAc 3 : 2, V/¥); '"H NMR (600
MHz, CDCly) 6: 3.69 (s, 3H, OCH3), 3.77 (s, 3H, OCHj),
3.78 (s, 3H, OCH3), 3.79 (s, 3H, OCHj), 3.87 (s, 3H,
OCH,), 6.31~6.36 (m, 2H, 2CH), 6.39 (d, J=6.0 Hz, 1H,
CH), 6.53~6.60 (m, 2H, 2CH), 7.25 (d, J=6.0 Hz, 1H,
CH), 7.85 (d, J=6.0 Hz, 1H, CH); *C NMR (150 MHz,
CDCly) d: 53.8, 55.7, 59.6, 60.4, 62.5, 105.5, 121.3, 121.9,
122.1, 124.5, 129.9, 132.0, 139.5, 142.5, 148.1, 152.3,
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153.1, 161.3, 195.5; IR (film) v: 2940, 1689, 1596, 1491,
1461, 1260, 1099, 1008 cm '; HRMS (ESI) calcd for
C,1H»306 371.1489 ([M+H] "), found 371.1484.

&M 6 (39 mg, 15%), HEEA, mp. 164~165
C, Ry=0.71 (petroleum ether/EtOAc 3 : 2, V/V); 'H NMR
(400 MHz, CDCl3) 6: 1.60 (t, J=7.2 Hz, 3H, CHj3), 3.50
(s, 3H, OCH3), 3.93 (s, 6H, 20CH3), 3.94 (s, 3H, OCH,),
3.94 (s, 3H, OCHj,), 4.19 (q, J=7.2 Hz, 2H, CH,), 6.75 (d,
J=8.4 Hz, 1H, CH), 6.86 (d, J=8.0 Hz, 1H, CH), 6.93 (d,
J=8.4 Hz, 1H, CH), 7.12 (d, J=8.0 Hz, 1H, CH), 7.18 (d,
J=9.2 Hz, 1H, CH), 7.32 (d, J=9.2 Hz, 1H, CH); “C
NMR (100 MHz, CDCLy) 6: 14.9, 56.1, 57.0, 61.05, 61.07,
61.7,64.9, 107.1, 107.2, 114.9, 121.9, 123.1, 125.6, 126.2,
127.7, 129.1, 130.8, 1422, 144.2, 149.9, 1522, 153.1,
154.7; IR (film) v: 2935, 1577, 1462, 1403, 1275, 1248,
1088, 1064 cmfl; HRMS (ESI) caled for Cy3H,,Og
399.1802 ([M+H]"), found 399.1809.
46 FIRMLEWT HIERK

TR/, 40 C, BiHE&ME T, mAE% 5 (30 mg,
0.08 mmol) ) — & KE(1.5 mLEW I =8 L
1£(0.24 mL, 3.2 mmol), A RMHEALKRA, KRN0 C
JIZIERE 5 min J5, DIV RIRR SN KRV, AR
=S, 207KuE, oK T4, oLk,
T B 2257, kA 4> B (petroleum  ether/EtOAc 4 1,
Vivy, fEIMEY T (19 mg, 7% 60%), [EREE, mp.
130~131 ‘C, Ry=0.45 (petroleum ether/EtOAc 1 : 1,
V/V); 'H NMR (300 MHz, CDCL3) &: 3.16 (d, J=7.2 Hz,
2H, CH,), 3.45 (s, 3H, OCHj3), 3.63 (s, 3H, OCH;), 3.82 (s,
3H, OCHj,), 3.84 (s, 3H, OCHa), 3.87 (s, 3H, OCHj3), 6.15
(t, J=7.2 Hz, 1H, CH), 6.6 (d, J/=8.7 Hz, 1H, CH), 6.72
(d, J=7.5 Hz, 1H, CH), 6.87 (d, J=7.2 Hz, 1H, CH), 6.92
(d, J=8.7 Hz, 1H, CH), 7.02 (t, J=7.8 Hz, 1H, CH); "°C
NMR (150 MHz, CDCL3) 8: 35.6, 55.8, 55.9, 59.8, 59.9,
60.6, 106.9, 111.8, 122.9, 123.2, 123.6, 124.9, 129.8,
134.3, 138.3, 142.5, 146.3, 151.6, 153.1, 153.2, 175.9; IR
(film) vmax: 2940, 1710, 1492, 1465, 1290, 1266, 1096,
1010 cmfl; HRMS (ESI) calcd for C,1H,507 389.1595 ([M
+H]"), found 389.1590.
4.7 HINMELEY 8 RIS

RS, 0 °C, WA T, mAEW 5 (27 mg,
0.07 mmol) ) — & KE(1.5 mL)VE i b AR in A = 96
fitiJ%(0.24 mL, 2.7 mmol), 1A RIMIHAL B, RIZUIHH: 5
min JiF, AOAEARER SN K N, AR S b
R, K, JOAKBRERAN T, ok v, JH R B,
JKeAE S B (petroleum  ether/EtOAc 2 @ 1, VIV), #3Itb &
Y8 (19 mg, /73 70%), Ik, m.p. 206~207 C,
Ry=0.44 (petroleum ether/EtOAc 1 : 1, V/V); 'H NMR

Acta Chim. Sinica 2012, 70, 2029—2036



W F F R

(600 MHz, CDCly) 6: 1.67 (d, J=11.4 Hz, 1H, CH,), 2.61
(dd, J=6.0, 11.4 Hz, 1H, CH,), 3.56 (s, 3H, OCH}), 3.59
(s, 3H, OCH3), 3.77 (s, 3H, OCH3), 3.79 (s, 3H, OCH,),
3.85 (s, 3H, OCHs), 3.89 (dd, J=6.0, 8.4 Hz, 1H, CH),
5.78 (d, J=8.4 Hz, 1H, CH), 6.48 (d, J=6.0 Hz, 1H, CH),
6.56 (s, 1H, CH), 7.48 (d, J=5.4 Hz, 1H, CH); “C NMR
(150 MHz, CDCls) J: 38.8, 42.2, 55.8, 56.1, 56.2, 60.8,
62.1, 101.6, 116.5, 126.1, 133.7, 1352, 141.8, 142.0,
149.7, 150.2, 153.4, 154.4, 161.2, 193.5; IR (film) v: 2934,
1682, 1569, 1465, 1326, 1210, 1122, 1002 cm™'; HRMS
(ESI) caled for CpHyOg 371.1489 ((M-+H]"), found
371.1491.

4.8 L&MW 11 AR

Bk &) 1a (0.52 g, 1.18 mmol)i il T /K LB 4
I8 £ W6(8 mL/2 mL)EEH AT, s, MA 025 ¢g
10% Pd-C, 7t 50 C MINESXN 24 h J5, 988 Pd-C,
W4, FERSFE S & (petroleum ether/EtOAc 2 & 1, V1Y), 15§
FIMb &M 11 (0.26 g, 77 50%), AMREE, R=0.1(pe-
troleum ether/EtOAc 1: 1, V/V); mp. 123~126 C, 'H
NMR (400 MHz, CDCl3) 6: 0.79~0.87 (m, 1H, CH,),
1.21~1.35 (m, 2H, CH,), 1.52 (t, J=6.8 Hz, 3H, CH),
1.78 (br, 1H, CH,), 2.13~2.23 (m, 2H, CH), 2.53~2.62
(m, 1H, CH), 2.63 (s, 3H, OCH3), 2.98~3.07 (m, 1H,
CH), 3.64 (s, 3H, OCH3), 3.69 (s, 6H, 20CHj3), 3.77 (s,
3H, OCH3), 3.83 (s, 3H, OCH;), 4.11~425 (m, 2H,
OCH,), 5.31 (s, 1H, CH), 6.62 (d, J=8.8 Hz, 1H), 6.99 (d,
J=8.8 Hz, 1H); “C NMR (100 MHz, CDCl;) J: 14.3,
28.3, 37.9, 55.1, 56.1, 57.2, 57.6, 58.4, 60.2, 60.4, 67.3,
100.7, 105.4, 124.6, 125.4, 128.2, 129.6, 142.3, 149.1,
151.9, 152.3, 153.0, 180.7, 204.9; IR (film) v: 2935, 1695,
1599, 1496, 1461, 1117, 1097, 1016 cm™'; HRMS (ESI)
caled for Co4H3505 451.2326 ((M+H]"), found 451.2329.
49 LEM12HERK

EEA, 0 CF, HAAY) 11 (80 mg, 0.18 mmol)iT]
PUSHRIR (3 mL)% i N = Z.8%(0.6 mL, 4.3 mmol),
10 min J5, B 22053 N Dibal-H (1 mol/L in hexane,
1.8 mL, 1.8 mmol), &M 1 hJ&, M 3 mol/L (K5
mL), 7£0 ‘C NREIZIBEHE 10 min J5, IR R EEY
PR, FHCBEAI, KGE, ToKBRRRAN T8, I,
I B 22050, Ao AT 43 5 (petroleum: ether/EtOAc 2
1, VIv), 846E4 12 (43 mg, 725 60%), TCEIRY),
Ry=0.2 (petroleum ether/EtOAc 1 : 1, ¥/¥); "H NMR (400
MHz, CDCl3) 6: 1.10~1.20 (m, 2H, CH,), 1.66 (br, 1H,
CH,), 2.02 (br , 1H, CH,), 2.89 (br, 1H, CH), 3.07 (br, 1H,
CH), 3.25 (s, 3H, OCHs3), 3.39 (br, 7H, CH, 20CH3), 3.71
(s, 3H, OCH3), 3.82 (s, 3H, OCH3), 3.85 (s, 3H, OCH;),
4.27 (br, 1H, CH), 6.30 (br, 1H, CH), 6.66 (d, J=8.8 Hz,
1H, CH), 7.35 (d, J=8.8 Hz, 1H), 7.73 (br, 1H, CH); "°C
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NMR (100 MHz, CDCl;) d: 21.8, 26.7, 54.9, 55.6, 55.9,
57.2,57.8, 58.8, 60.6, 60.9, 78.5, 82.3, 82.5, 106.9, 123.5,
130.1, 131.4, 142.3, 151.8, 152.6, 172.8, 210.3; IR (film)
v: 2930, 1697, 1496, 1459, 1410, 1296, 1118, 1098 cm ';
HRMS (ESI) caled for Cy,H3007Na 429.1884 ([IM+Na] "),
found 429.1892.
410 LEM13HIEMN

WA, 0 CF, HAEY 12 (50 mg, 0.12 mmol)
TAUTREQ2 mL) R N 2 = 5 R (0.05 mL,
0.6 mmol)H, KRR MEAZ R, FEME L, BIZbiH:
1 h &, IR R SR K R Y, ] e AR,
IKBE, Jo/KBRERAN T, Uk, WOR R LA, IR
43 B (petroleum ether/EtOAc 2 : 1, V/V), 132L&4 13
(41 mg, /=% 90%), A, mp. 107~108 C, R=
0.33 (petroleum ether/EtOAc 2 : 1, V/V); '"H NMR (400
MHz, CDCl;) 6: 1.61~1.66 (m, 1H, CH,), 1.86~1.89 (m,
1H, CH,), 2.37~2.46 (m, 1H, CH,), 2.71~2.75 (m, 1H,
CH,), 3.08 (s, 3H, OCH3), 3.16 (d, J=6.4 Hz, 1H, OCH),
3.34 (s, 3H, OCH3), 3.73 (s, 3H, OCH3), 3.76 (s, 3H,
OCH,), 3.84 (s, 3H, OCH;), 4.14 (d, J=7.2 Hz, 1H,
OCH), 6.22 (d, J=6.0 Hz, 1H, CH), 6.61 (d, J=8.8 Hz,
1H, CH), 6.72 (d, J=5.6 Hz, 1H, CH), 6.96 (d, J=8.8 Hz,
1H, CH), 7.29 (d, J=5.6 Hz, 1H, CH); *C NMR (100
MHz, CDCly) d: 23.8, 33.7, 52.6, 55.9, 56.7, 57.2, 59.9,
60.3, 75.9, 80.6, 106.2, 122.3, 124.9, 125.8, 129.9, 141.9,
149.6, 152.4, 152.9, 165.6, 197.8; IR (film) v: 2923, 1706,
1660, 1493, 1460, 1297, 1100, 1015 cm™'; HRMS (ESI)
caled for C, H,sO¢Na 397.1622 ([M—|—Na]+), found
397.1621.
411 EM 14 HEK

PR/, i, RN, S 13 (40 mg,
0.11 mmol) ) 5 %¢(2 mL)E W In A = Ji FH R 2
(0.5 pL, 0.006 mmol), K RABLEE, THEZE 40 C, JIZY
ke S h 5, FMURTERIR AN AR KRN, 5 e AL,
IKVE, TCAKBRIRAN T, 1Luk, R BR LA, R A
73 B (petroleum ether/EtOAc 2 © 1, V/V), 4 EHLEY) 14
(39 mg, 73 95%), KA 14, mp. 100~102 C, Re=
0.15 (petroleum ether/EtOAc 2 : 1, V/V); '"H NMR (400
MHz, CDCl;) 6: 1.31~1.41 (m, 1H, CH,), 1.69~1.75 (m,
2H, CH,), 2.33~2.38 (m, 1H, CH,), 3.34 (s, 3H, OCHa),
3.48 (s, 3H, OCH,), 3.79~3.82 (m, 2H, OCH, CH), 3.86
(s, 3H, OCH3), 3.91 (s, 3H, OCH3), 3.92 (s, 3H, OCH,),
4.16~4.17 (m, 1H, OCH), 6.71 (s, 1H, CH), 6.74 (d, J=
8.8 Hz, 1H, CH), 6.78 (br, 1H, CH), 7.09 (d, J=8.8 Hz,
1H, CH); *C NMR (100 MHz, CDCl;) ¢: 24.1, 30.5, 46.7,
56.1, 57.4, 61.0, 61.1, 78.4, 83.9, 107.4, 120.5, 124.3,
131.8, 133.6, 139.9, 142.7, 153.1, 155.7, 169.5, 194.5; IR
(film) v: 2922, 1693, 1657, 1493, 1462, 1291, 1261, 1108,
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cm” ', HRMS (ESI) caled for C,Hy0ONa 397.1622 ([M+

Na]

), found 397.1621.
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