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A Concise Biogenetically Inspired Formal Synthesis of Camptothecin

Li, Yuanzhi Zhu, Menggian Xu, Liang™
(Key Laboratory of Drug Targeting, Ministry of Education, and Department of Chemistry of Medicinal Natural Products, West
China College of Pharmacy, Sichuan University, Chengdu 610041)

Abstract A concise biogenetically inspired formal synthesis of camptothecin without use of protecting groups has been de-
veloped starting from tryptamine and easily prepared ethyl glutaconaldehyde salt. The synthesis features the key Pic-
tet-Spengler reaction, efficient intramolecular oxa-Diels-Alder reaction to construct heptacyclic monoterpenoid indole alkaloid
intermediate, as well as the following Winterfeldt biomimetic oxidation to form quinolinone moiety from indole skeleton.
Keywords Camptothecin; Pictet-Spengler reaction; oxa-Diels-Alder reaction; Winterfeldt oxidation; formal synthesis
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SR S5 RAB T 1K) 7 ST K S B RAT AE A X
157 BRI, SRR AR B3 R () A0 AN B 858 ) R 1
B A v B B R B A e T i s M 24 M O E
— A RAFRRSE T 5, BRIk, KR AT E R Sk A Rk
ERAHTEYR G RE A E A EENE . 3
1971 4% Stork /NHBISERCE MBI E X2 G RLK, H
KBB4 & i Fe A 1 R SRRl AR S K
TR = A R — B KR SRR =G
B A I B s % 2 — U0, BT S R T RE Sk B TR
i ] PR A A Bk A8 AL B I ) AR B OPL R Y, 1972 4,
Winterfeldt S22 S 4 1 SR8 AR U5 S K R 4 &
. LA E 5 ORI, 4 Pictet-Spengler X I A
Dieckmann i 555 5 5 s WAS) f DU A 5] W A i o [ 4
6, Ay EAMEAFE RS 7 BNV T
BB 4 A A 2000 4E, Brown ZEUPIE ZAERR R K
fih b, E—P LR 5 FIOR IR Sms AR R DAk 1
(secologanin, 7) M itc 46 JF kL, 215 4= 1Y = 2L Pictet-
Spengler J 87 A= B EEL il 5| Wk A2 ) Bk S 5 1 (stricto-
sidine), HET I TR B P ia) i 8, FRZfRI
Wi AR Je 22 AR R4, DAL 12 45 3% M Sl
SEHL T BRI 4 A U(Scheme 1, a).

AW TEAN LA Bl 5 A AT (8 519 LB a I 2h 9

HNECIEY), Wit IBER Pictet-Spengler S W Fll %A
A 7% Diels-Alder & N 1) g 5] B A (6] 44 10, 7 &
Winterfeldt 5|47 A5 S8 A 5 8 G R 2 60 T Al o 1] 4
11, HAER R — 25 SE N1 i 047 AR T ORGP 2 B L
1% 2 (Scheme 1, b).
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Zincke #), BiJ5 14 5 = H A CBEKEE R R AE B
Jl 38 I M BE (AR A Zincke B8 RIA, BT A= 5
LT EEAE KOH &M N RAERUKAE, L&A LL
T5% A7 F T EARGEHL DA 10 g LA BRI S I T 9
il .

TESE R & 1 9 HIFEAN b, 452 7T EAT JCBa ) R my g
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POl B PUE p--REAR R A AL 3 5, 2 AR
JEEEYS 3-CEENGIEE 15 KAEBAL N, #7535

a) Previously reported biogenetically patterned total synthesis of camptothecin
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Schemel (a) Previously reported biogenetically patterned total synthesis of camptothecin and (b) our synthetic plan
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Reagents and conditions: (a) acetone, reflux; (b) dimethylamine, EtOH/H,0, reflux; then KOH, THF/MeOH, reflux, 75% for two steps.

B2 2-23 50 R ER(9) R %
Scheme 2 Preparation of 2-ethylglutaraldehyde salt (9)

% Diles-Alder (D-A) T4 16; 42 ok DA = F 2R AE
TR, AT 156 T 15T W %UR Diles-Alder J
R SR07, SR E % S A T IR 45 BN 2%, (AR
LA 36% M §i143 DE 3 [ N8 & 1 38 =1 17 FL
B B EE R R BE 2 E B (2 NIRVE R 2, 1K L8R
PEMIGATL S ARG A 17 BFISTARRRIE). L&D
17 FISEARAR 7 R AR I 28 5 1A (1 W R AT A2 40 20 5 52k
(L7 b i e . 22l H e b A R N &R . R RAN
O T RS R BB — DR R R AT
2% Tu /INHUSTR I R TE (1) 2R L4 4% D-A T T % )
BRI 0% SN (1 26 A0 e, 45 R B &) 16 7 1,2-
RIS 1.5 equiv.EAGEE RIS, B8 LU R R
(72%)43 23— R TR 17, 75 5 8050 B TL PR B
Wk A 17 B, BT RIEAT SRR I I Wk 5 AR
SR R IR A5 AL, I T S AL B 4 T 2 T
. B, 17 (E4 MK Winterfeldt 15484 T
[KO#-Bu, Oz, N,N-—H 5 HE(DMF)]'), HELA 50%0H)
R AY R IR 18, 3 — DA AR 2 R I, DA
PREAVERRU OV BE AT 12 0 i S S AT e 42 i 2 75%. sl
o T EUE AR GRS 77 20K 18 ne bk i 45 14 i 4,
RMEMNR AT, 2SRRI R T A3 O R BURR P A R 5
(A7 A A S AR A5 52 4%, DR SR P B8 S R D i 12 2
. ¥4 G 18 7£ = A 4-— I Z FEnk g (DMAP) 5%
PETR 5 N- 2358 (= P B T IV ) s I i ) ) 95 e b —
SEEEERSL A 19, BEJS 19 P& R AR AL Y T RRIE
JR, G 5t B = 960 PR E 3, DL 90% A WAL I ER g ik e
4k 20 AHI£20 20 4 2,3-5-5,6- —E-1.4- KR
(DDQ)EM TS F Ak, A= 2,3 SkE e i J5L i B 258 3,
PAWGE 75% M2 il 43 S B aT 40 &4 11, 20 A1 11
5 Yao /NHFI Gao /NN 2R IE AL A P A% RE RN 5
42— 11 &3t Sharpless AXIFRAFZEIEAL AT [,-CaCOs
ST 5 SRR IE (1 O %0 S S8, B AT 25 5 i S B 4
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Reagents and conditions: (a) 9, TFA, DCM, r.t. to —5 °C, then 15,
NEt;, DCM, r.t., 80%; (b) ZnBr,, DCE, reflux, 72%; (c) O,, NaH,
DMF, 75%; (d) Tf,NPh, DMAP, NEt;, DCM, r.t., 86%; (e) Pd(OAc),,
DPPF, HCOOH, NEts, dioxane, 80 °C, 90%; (f) DDQ, dioxane, r.t.;
(9) Et;SiH, BF3+Et,0, DCM, r.t., 75% over two steps.
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Scheme 3 Synthesis of key intermediate 11 and formal total
synthesis of camptothecin (1)
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# AB M8 E A HEMTRATAN), UL T H AT RAA 2
RAZUE T RAFHIHEAE, AHSC TAREREAT 2 .

3 IEES
3.1 UES5HF

e H Perkin Polarimeter 341 2 Jie ' )it B il e 43l
55 Bl 3EIR A Varian Unity NOVA-400/54 #Z%RESEHRIX
5 (TMS A W #5). HRMS {# F§ Bruker Daltonics
Bio-TOF-Q JF HEA & . ARA 45l Ut B S B3 7 )8
AR N EET. BT SR 24 3 D T o AR, 8
AT ARBAT A AN ER, 1,4- SN IME AT & By — 2%
FR R B K AR B NON-— R A Ml | 1,2- S S =5
ot A FH T 28 0 A 5 B K Ak 3 2 63 (TLC)
GF254 RERHRIE B ST KRER T RA R AR, H Ly
e Bl PR B VR B O B R A R AT AR (200~300 H)
W EE ST
3.2 LWHE
3.2.1 2-THAR R — B 3(9)89 6 A%,

FIRN, ¥ 3-2%mnE2, 11.2 mL, 98 mmol)5
2,4- " HFEFEA3, 20 g, 98 mmol)¥ TP (120 mL)H,
ZJE NSRRI 60 CB T ER 10 h, KB EE,
PR B R MR & =R A H, uEytie, AR
(60 mL)PEGRITIE 2 K, WERDTIE, F3AENE &Ik 14
(30 g). # 14 ¥ T7K(240 mL) 5 Z B (240 mL)HITR &
A, BANFLETAGFR 90 CIHIE, HAEEFIRS T
TN ¥ % OB (5.6 mol/L, 34 mL, 192 mmol),
PFER L 8 h, Z TLC Al 7R s B4 o 38 i ek F vk
Ui R N, T IRAR A R IAK(120 mL), #iEdE 1 h,
THEMBE(40 mLX2)EI, A EANE, AR K
(80 mL)VE¥k, Jo/KBREREN T, K78 1Mikds, 19kt
% R R AR (13 @), R RRE— DAk, R
HAMRTTUEME (240 mL), =il MEAREH 4.4
g, 78 mmol)J I EE(20 mL)¥AMIM NN RN, 2 6k
NFRTARAFH) 68 CHH FIRR . 10 h. KB,
¥ SRS B =R, TN CBE(240 mL)FEHE 30 min, i
&, WERVTVE. ARG UTIEE T 6K 4400 mL)H,
F—10 CFHFE 30 min, BEFE, T3, WEIEMR,
R R AR AR AR A AR 9 (11 g, 75%). mup.
140~142 C; 'H NMR (400 MHz, D,0) 6: 8.53 (d, J=
10.0 Hz, 1H), 8.45 (s, 1H), 7.38 (d, J=13.2 Hz, 1H), 5.78
(dd, J=13.2 Hz, 10.0, 1H), 2.21 (q, J=7.6 Hz, 2H), 0.93
(t, J=7.6 Hz, 3H); *C NMR (101 MHz, D,0) ¢: 187.8,
186.3, 164.7, 125.2, 107.1, 16.5, 12.4; ESI-HRMS calcd
for C;Ho0, [M—K] ™ 125.0608, found 125.0628.
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322 (F+/7)-(E)-4-Q2-((E)-3- TR A M Bt iL)-2,3,4,
9-v9 A,-1H-vth %% 51 [3,4-b] 5| e -1- 28 )-2- T 3K -2- 0 %
(16) 8951,

FESZ S (1 g, 6 mmol)iEfiET — S 48100 mL)H,
FIR I =% 4FR(0.45 mL, 6 mmol), £ N H
WA IR AR, PR LG 9 (1 g, 6 mmol)—iX
PEIIN R B, 25 P B 28 2 i A I it s e
MEER, R RNBEE—S CHRMEREF, FiIA=&
ZFR(1.8 mL, 24 mmol), 4kEEHHE R 1.5 h i )Z A
R 7R ROREEE TR P S MR 22 2 i, I N TR A ik
R EAKIEI R T IEE, 2 EANE, Wik
(20 mL)Beik, TooKEREREN T4, A WLz i ek 28 Tk
g6, fRUE p-REM A5 @), HhEAREH—D
aifl. ZIT, Ak b R AR ) = SO BE(60 mL)E R
WIRIMIAN=ZH(1 mL, 7.4 mmol)FN 3- 2, 48 5k P 475 Tk 52
(15, 0.6 mL, 5 mmol), Zk&E4HE R E TLC il s )
REZEH, HI7K(20 mL)E KR, S HHE(20 mL X 2)%
I, A EANE, JTCKBRERMN T, A LE s 7%
TR, FT AR 2 TN 2URE I A JE AT 2l A (e R A
Mk 2R WS, Vi v=2: DE%EAREE 16 (1.7 g
80%). m.p. 161~163 °C; 'H NMR (400 MHz, CDCL3) ¢:
9.26 (s, 1H), 8.60 (s, 1H), 7.65 (d, J=11.6 Hz, 1H), 7.47
(d, J=8.0 Hz, 1H), 7.33 (d, J=8.0 Hz, 1H), 7.18 (t, J=8.0
Hz, 1H), 7.11 (t, J=8.0 Hz, 1H), 6.54 (t, J=7.2 Hz, 1H),
6.09 (s, 1H), 5.78 (d, J=11.6 Hz, 1H), 4.17~4.07 (m,
1H), 3.99 (q, J=7.2 Hz, 2H), 3.51~3.44 (m, 1H), 3,04~
2.90 (m, 2H), 2.88~2.79 (m, 2H), 2.18 (q, J=7.2 Hz,
2H), 1.36 (t, J=7.2 Hz, 3H), 0.86 (t, J=7.2 Hz, 3H); 1*C
NMR (101 MHz, CDCl3) d: 194.6, 167.0, 162.5, 148.7,
146.5, 136.1, 132.9, 126.3, 121.8, 119.4, 117.8, 111.0,
108.0, 95.2, 67.6, 48.4, 40.5, 33.7, 22.0, 17.0, 14.5, 13.0;
ESI-HRMS caled for CH»N,O3 [M+H]" 367.2016,
found 367.2021.

3.2.3 (4R4aR,13bS,14aR)-4- T A ¥k -1- T 3 -4.4a,7,
8,13,13b,14,14a-/\ &.-5H-"3| & 5 [2,3-a] "t % 77 [3.4-g]
Popk-5-BF (17) 49 5 A%,

FIET, FtbE 16 (200 mg, 0.55 mmol)ff) 1,2-
AL KR (54 mL)E R H, N R A (184 mg, 0.83
mmol), ZJE R NFHTIGF 85 °C it A IRl I b
% TLC MR R RS, TAZKAS mL)EE KRR,
TAFBE(20 mL X 2)FH, A EEK(10 mL)BRE, 4
BAENZ, KRBT, ANUZ 81 8 2 T4,
FirA5RH it 28 DR A A S A a4 (B B 7R i Pk / 2 TR
LB, Vi V=2 D DR AE K 17 (145 mg, 72%). m.p.
181~183 °C; '"H NMR (600 MHz, CD;OD) 6: 7.38 (d,

Chin. J. Org. Chem. 2021, 41, 2885~2890
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J=8.0 Hz, 1H), 7.30 (d, J=8.0 Hz, 1H), 7.07 (t, J=8.0
Hz, 1H), 6.98 (t, J=8.0 Hz, 1H), 6.12 (s, 1H), 5.03 (d, J=
4.8 Hz, 1H), 4.94 (d, J=5.6 Hz, 1H), 4.70 (dd, J=8.4, 3.6
Hz, 1H), 3.95~3.84 (m, 1H), 3.82~3.70 (m, 1H), 3.03
(td, J=8.4, 2.8 Hz, 1H), 2.93~2.87 (m, 1H), 2.68~2.63
(m , 2H), 2.43~2.39 (m, 1H), 2.30~2.25 (m, 1H), 2.09~
1.98 (m, 3H), 1.24 (t, J=4.8 Hz, 3H), 0.94 (t, J=4.8 Hz,
3H); '3C NMR (150 MHz, CD;0D) ¢: 171.9, 138.1, 137.8,
134.7, 128.4, 122.6, 120.2, 118.8, 116.9, 112.2, 100.4,
99.9, 65.9, 54.6, 48.7, 43.3, 32.3, 31.7, 22.8, 21.5, 15.7,
13.7; ESI-HRMS caled for CyHy»N,O3 [M + H] ©
367.2016, found 367.2021.

3.2.4 (1R.4aR.5aS,14aR)-1- L -4- T -4a,5,5a,6,
12,14a-55 &-1H-vtk v 7 [3',4:6,7] %3] & 5[ 1,2-b] "5 ok -
11,14-—FR(18) 4955,

TF=ETF, KibE9 17 (100 mg, 0.28 mmol)iA i T
DMF (8 mL)#H, IIAZALE#(24 mg, 0.56 mmol). Kf M
R BB, IFEEAIRT, BHERB 30 min, £
TLC A7~ JROBE 25 o, i ik 93k He 28 1Rk 4 I B2, P
FHHH 5 22 DN SRR e A E AT Al A (B B 7). — & R e/ R i
Viv=20: HfFAEEE 18 (80 mg, 75%). m.p. 200~
202 ‘C; 'H NMR (400 MHz, DMSO) d: 12.24 (s, 1H),
8.14 (d, J=8.0 Hz, 1H), 7.68 (d, J=8.0 Hz, 1H), 7.60 (d,
J=8.0 Hz, 1H), 7.35 (s, 1H), 6.18 (s, 1H), 5.30 (t, J=8.0
Hz, 1H), 4.99 (d, J=8.0 Hz, 1H), 4.53 (d, J=16.0 Hz,
1H), 4.30 (d, J=16.0 Hz, 1H), 3.92~3.86 (m, 1H), 3.75~
3.67 (m, 1H), 2.63~2.54 (m, 1H), 2.49~2.43 (m, 1H),
2.27~2.21 (m, 2H), 1.96 (q, J=7.2 Hz, 2H), 1.18 (t, J=
7.2 Hz, 3H), 0.93 (t, J=7.2 Hz, 3H); *C NMR (101 MHz,
DMSO) §: 172.9, 168.5, 150.4, 140.5, 135.6, 131.5, 125.1,
124.7, 123.1, 118.4, 1152, 112.5, 98.4, 64.4, 57.5, 47.2,
448, 31.8, 29.7, 22.0, 15.1, 13.0; ESI-HRMS calcd for
Ca:HasN,O4 [M+H]" 381.1809, found 381.1819.

3.2.5 (1R,4aR,5aS,14aR)-1- T A 3k -4- T H-14- BAX-
4a,5,5a,12,14,14a- 5 &, -1H- vt 7 5F [3',4:6,7] 3] & 7
[1,2-b]"E%k-11-H = 5 F oAk BR 2 (19)49 6%,

EEIRT, BibE% 18 (145 mg, 0.38 mmol)iE & T
TEFHEBO mL), HE S S min f# SN S HTRE
MR, SRIGHKINN N-2K 3 00— 58 Bt ive) % (205
mg, 0.57 mmol). = Zf%(0.15 mL, 1 mmol)Fl 4-N,N- - F
FEnEnE (28 mg, 0.23 mmol). fiEFE&M 3 h 5, 4 TLC K&
TR SRR EE R, K (10 mL)FE K B, & 5820
mL X 3)ZEH, WA HK10 mL)BRSgk, 2HAENAE, L
IKTRER AN T4, ek Z8 1R 4, T4 AH a2 T R IR AT
ENTAEAL e A 2B g, Vi v=5 DHEA
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i E 14 19 (164 mg, 86%). m.p. 253~255 C; 'H NMR
(400 MHz, CDCl3) J: 8.19 (d, J=8.0 Hz, 1H), 8.11 (d, J=
8.0 Hz, 1H), 7.86 (t, J=8.0 Hz, 1H), 7.73 (t, J=8.0 Hz,
1H), 6.18 (s, 1H), 5.34 (d, J=16.8 Hz, 1H), 5.17~5.10
(m, 2H), 4.82 (d, J=16.8 Hz, 1H), 4.07~3.88 (m, 2H),
2.58~2.40 (m, 4H), 2.03 (q, J=7.2 Hz, 2H), 1.35 (t, J=
7.2 Hz, 3H), 0.96 (t, J=7.2 Hz, 3H); '*C NMR (101 MHz,
CDCls) d: 170.0, 164.7, 151.0, 136.4, 131.2, 129.4, 128.6,
121.4, 121.1, 120.5, 114.9, 98.4, 65.9, 58.8, 47.0, 46.3,
32.7, 31.5, 22.6, 15.4, 13.2; ESI-HRMS calcd for Ca3Has-
F3N,06S [M+H]" 513.1302, found 513.1312.

3.2.6 (1R,4aR,5aS,14aR)-1- T A 3 -4- T ¥ -1,4a,5,5a,
12,14a-55 &.-14H-vtbvd F[3'.4':6,7] %3 & F[1,2-b] &k -
14-BF(20) 449 5~ %,

FEIEF, WA 19 (30 mg, 0.06 mmol)f 1,4-—
FANHQ mL)yE R, RN ABE R (1 mg, 0.001
mmol). 1,1'-X0( - 2RFEER) %81 mg, 0.001 mmol). =
%20 pL, 0.18 mmol)FIHIER(6 pL, 0.12 mmol), &
T80 ‘C N 1h. 4 TLC Kl BoR M4, Ik Q2
mL)E KN, —EFEE(DCM) (5 mLX3)EE, 5HA
BUZ, WAE#HKG mL)BEE, KRN T,
AR AR, BT 2 DN SR Jie A 2 T At Ak (e T 771 -
Fil 8 2B, Vo v=3 " DIFAGEE 20 (19 mg,
90%). m.p. 172~174 C (lit.'""" 172~174 “C); '"H NMR
(400 MHz, CDCl3) 0: 8.11~8.09 (m, 2H), 7.84 (d, J=8.0
Hz, 1H), 7.73 (t, J=8.0 Hz, 1H), 7.57 (t, J=8.0 Hz, 1H),
6.16 (s, 1H), 5.14~5.07 (m, 3H), 4.73 (d, J=16.0 Hz,
1H), 4.08~3.87 (m, 2H), 2.60~2.42 (m, 4H), 2.05~1.99
(m, 2H), 1.35 (t, J=7.2 Hz, 3H), 0.95 (t, J=7.2 Hz, 3H);
13C NMR (101 MHz, CDCls) 8: 170.0, 162.4, 148.1, 135.9,
130.2, 129.4, 128.7, 127.7, 127.4, 126.6, 115.0, 98.2, 65.5,
58.1, 47.5, 46.6, 32.6, 31.3, 22.3, 15.1, 12.9; ESI-HRMS
caled for CpHysN,O3; [M + H] © 365.1860, found
365.1852.

327  4-TE-1,12- = & .-14H-vtk vk 5F[3',4":6,7] & 5F
[1,2-b]"E k- 14-BR(11) 494 A%,

F|EMT, LAY 20 (19 mg, 0.06 mmol)i& fi#
F 1,4- "5 N2 mL)HF, A DDQ (24 mg, 0.12
mmol) R IIIK 4., itk RBL3 h, HE BNkl
25k N 5 4, I YR 2R TR GE, TR B A PO A
EATseiiR: &/ RREL, Vo y=20 @ 1SR
HER(17 me), 4 EAREET P52 mL)H, 1K
WIIAN= 3 REEREQRS ul, 0.16 mmol) 5 =&ALl £ B
(16 pL, 0.13 mmol), =i FHHERML 2 he JeBEE, Tk
(2 mL)F KB, —S&HE(S mLX3)EEHRL, 7B AL
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2, MR KRG mL)Bedk, ToKRERENT %, Wk ZE
TRV, FTASHL i & N SR A R M Al Ak (e e 771 —
AF B/ HEE, Vo V=80 Dk EAREA 11 (13 mg,
75%). m.p. 200~202 °C; 'H NMR (400 MHz, CDCL;) 6:
8.33 (s, 1H), 8.21 (d, J=8.4 Hz, 1H), 7.90 (d, J=7.8 Hz,
1H), 7.80 (t, J=7.2 Hz, 1H), 7.63 (t, J=7.6 Hz, 1H), 7.20
(s, 1H), 6.66 (s, 1H), 5.25 (s, 2H), 5.17 (s, 2H), 2.45 (q,
J=7.6 Hz, 2H), 1.21 (t, J=7.6 Hz, 3H); 3C NMR (101
MHz, CDCl) 6: 158.3, 153.1, 148.7, 146.9, 144.8, 142.8,
130.9, 130.4, 129.5, 128.8, 128.1, 128.0, 127.6, 115.7,
114.4, 95.4, 63.4, 49.8, 20.8, 13.9; ESI-HRMS calcd for
CaoH17N>0, [M+H]" 317.1285, found 317.1275.
3.2.8 HARMLAY 1 8946,

11 23 P25 SCHRISHRTE (1) C R0 S o7 B A 25 5 b i
LS E R 1 AR, RAEEE 5 SCER8]— K.

4 BTkl (Supporting Information) L& 9, 11, 16~
20 [¥] "THNMR i F1 PCNMR 35 . 3% 2480 n] BL G 37 A
AT W 3k (http://sioc-journal.cn/) . F %K.
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