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Figure 1 The C,o-diterpenoid alkaloids that were accessed by total
synthesis and the asymmetric synthesis of the functionalized A/E
fragment in this work (color online).
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S o BT R AR AR R R B AR RO SR AR B
Bruker AC-E400 (32[H). Agilent DD2-600/54 (3 [E])F1
Varian INOVA-400/54 (£ )AL, 8 HIAARSE 1
NEFNE R LT 261 ML A 5%, BRIE LL77.01F
FEEAI RS 27, DY H R fERE(TMSE N AR, 40
AN F R {F i Perkin Elmer Spectrum Two FT-IRY
eSS E M E. et K4 H Rudolph Research
Analytical Autopol VI (FEE)FENAL. &7 Pk £ ds
# i Bruker Apex IV FTMS (3£ [E)8Thermo Scientific
LTQ Orbitrap XL ESI (3% [H)J5 i 3l 52 .

22 fLEWHREIK

221 LEYIOHE R

Ak &5 (33 g, 0.120 mol, 1.0 eq.) 5 B0 T T4
VY& WM (THF, 400 mL)#, 0C NMA =4
(33.4mL, 0240 mol, 2.0 eq.). & TR ZMER(12.7 mL,
0.132 mol, 1.1 eq.), TO'C M1 h. #ZEETLC)
KR e ATl RS, KR SEIE, JEPFLA1S0 mL

VUSRIRSE, BT A H1 2 —78°C. A ) M
IIANBREALEN(12.7 g, 0.336 mol, 2.8 eq.), R)GZE18 N
ANTEKHEE(SS mL), PRFF-78CHiHE N H ETLCE.
INFRIEF 76 A k. T =78°C R Ml I S N6 MR R
(70 mL) K SN, W52 B T6 S 7= A S K OB E T
FHSFE6 h. FHZIE SN A300 mLAKFRE, J:LL
LR LA (300 mL x 5), & IHHLE I LB AR ER
SRR IR, A EK TR IR, TE/KBR RN
A, U8, IRARS I A AR R S, A alifh B
TR

KA IR AR BT 2R 88300 mL)H, A
HURRMEAL TN (5% TR THR) 2 g, TESAE F(REkE
INEERIZMN30 h, TLCKM AR L. R BIR
EE, JEMORYE G A, A S SRR A E AT At
HE R W6 = LD Y(11.8 g, 64%I). %%
g 5 SR R R B B [0]E = +99.4
(c 0.47, CHC1,).

222 ALEWTHIE K

HBUALAY6 (2.0 g, 13.0 mmol, 1.0 eq.) 18-7-68#F
(3.4 g, 13.0 mmol, 1.0 eq ) TEGR SR FHE T TN
WRIE80 mL, i S BiVE Tk R, 1A 2248 i
KHMDS (1 M THF&W, 26 mL, 2.0 eq.), I J5 Tk
WM h, TLCRMERLTE 4V 2. K S N P i
#-78°C, 10 minJ&, MBI AR (1.1 mL,
1.3 mmol, 1.0 eq.), <30 min & TLCA M A [F] 44 ¢ 42
T . 1) SRV I A AN SR B K T TR K RS, YR
AWML TR ZEEREEL(100 mL x 3), &IEHLZ, K
TR T %, JUE, WA S. K EREMET
50 mLPUS R 1, TR TN T &/ E0 M
in THF, 6.5 mL, 0.5 eq.), Z## /&30 min. TLCKZ I 5
BETEAE R, ) R BRI AN S A KT W K
KB, RGP UL TR CEEFEHL(100 mL x 3), &IHAHL
2, ToKBREREN T8, I8, IR . R S SRR A
ENTaiChimE/ LR Ol = 101, viv)EFE(2.0 g,
80%IH, TOMCRY). HHILIEEAE(H NMR)
(400 MHz, chloroform-d) 6 5.82 (ddd, J = 10.0, 5.2,
2.8 Hz, 1H), 5.77~5.60 (m, 1H), 5.55 (dt, J = 10.0,
2.4 Hz, 1H), 5.23~5.06 (m, 2H), 4.38 (t, J = 8.8 Hz, 1H),
4.25~4.08 (m, 2H), 2.86 (td, J = 8.8, 4.8 Hz, 1H),
2.55~2.28 (m, 4H), 2.23~2.09 (m, 1H). "C NMR
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(150 MHz, CDCly-d) 6 178.1, 132.6, 126.3, 126.1, 119.5,
66.4, 64.9, 49.0, 42.6, 40.9, 29.4. ZLAMR (neat): Vi
3440, 2916, 1742, 1193, 1016, 925, 820, 765, 710,
675 cm™'. HUEIEEE: [a]2 = +32.5 (c 2.87, CHCl3).
S FHFEHRMS (ESI) caled. for CH;s05 (M + H)':
195.1016; found: 195.1014.

223 ALEYIBHY AL

AT AT (1.0 g, 5.15 mmol, 1.0 eq.)
M4 A%79%(0.2 g, 20% wiw)iE T30 mLT-5 — 5 H
H1. 0°C R ) R RN = 5 T A SR A
(120 pL, 0.52 mmol, 0.1 eq.)Flik & T BE(5.5 M 2855
VW, 1.4 mL, 1.5 eq.). INEEJEKE I RO B T =00, BidE
JZNi24 h. TLCKGI JERF 84T 2%, 18] s RV I N
ARAR IR R KV K L, TRA LA S e &K
(60 mL x 3), AIANA, KRR T4, I,
WRAEAALS . L RE AT B alifb (A Bk 1. 2
fig = 1:2, v 91(1.0 g, 92%WCR, TriRY).
'H NMR (400 MHz, chloroform-d) § 5.87~5.66 (m, 1H),
5.36~5.14 (m, 2H), 4.49 (dd, J = 9.2, 2.0 Hz, 1H), 4.33
(dd, J=9.2, 7.6 Hz, 1H), 3.92~3.71 (m, 1H), 3.52 (d, J =
3.6 Hz, 1H), 3.46 (d, J = 40Hz, 1H), 3.16 (d, J =
11.2 Hz, 1H), 2.63~2.52 (m, 1H), 2.51~2.37 (m, 2H),
2.29~2.24 (m, 1H), 1.89 (dd, J = 15.6, 3.6 Hz, 1H).
C NMR (101 MHz, Chloroform-d) 6 177.9, 130.7, 121.1,
68.4, 65.8, 54.4, 53.2, 44.74, 41.4, 40.5, 27.5. IR (neat):
Vimax 3463, 2927, 1757, 1414, 1186, 1004, 947, 878, 866,

635,558 cm ™. HLHEIGE: [0]% = +44.8 (¢ 0.53, CHC13).
HRMS (ESI) caled. for C;H,;s0, (M + H)™: 211.0965;
found: 211.0965.

2.2.4 ALEYIOHIE R

SASRYF, K EE5(0.8 mL, 9.52 mmol, 2.0 eq.)
BT & 5E30 mLrp. F—78°C R [ B 4%
B — H 3T H(DMSO, 1.0 mL, 14.3 mmol, 3.0
eq.), MEFFZIEERML h. [F BT IMAL S8
(1.0 g, 4.76 mmol, 1.0 eq.)fI T — & H L AW
(10 mL) T=78C FHiHE RIS h. [l SRR H AN 5
3 25 4(4.0 mL, 23.8 mmol, 5.0 eq.), Fifi J5 5 S MR
BT IR R Y30 min, TLCKIE R 724 2.
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17 52 SV R I RD S B KV K R S, TR
LA BEREL(S0 mL x 3), BIFENLE, LK
BN, 1, VRAEAFRL . M L AR E T AL
HEE 2R 416 = 2:1, viv)TF7=4(810 mg, 82%U%, &
PR ). "H NMR (400 MHz, chloroform-d) & 7.10
(dd, J = 10.4, 2.8 Hz, 1H), 6.10 (dd, J = 10.4, 2.0 Hz,
1H), 5.89~5.63 (m, 1H), 5.36~5.21 (m, 2H), 4.61 (dt, J =
10.4, 2.4 Hz, 1H), 4.58~4.44 (m, 2H), 437 (d, J =
10.4 Hz, 1H), 3.07 (dd, J = 6.4, 3.2 Hz, 1H), 2.80 (dd, J =
14.0, 7.6 Hz, 1H), 2.49 (dd, J = 14.0, 7.2 Hz, 1H). °C
NMR (101 MHz, chloroform-d) 6 194.6, 179.1, 153.1,
130.8, 129.1, 121.8, 69.2, 66.3, 50.0, 48.3, 36.0. IR
(neat): vy, 3442, 1758, 1671, 1379, 1190, 1094, 1021,

928, 675, 526 cm™ . HUEIGE: [a]® = +53.3 (¢ 0.28,
CHC1;). HRMS (ESI) caled. for C,;H;;0, M + H)":
209.0808; found: 209.0811.

2.2.5 ALEYI08 A AL

UL 5419 (1.4 g, 6.73 mmol, 1.0 eq.) TS5
TH T T30 mLA, (A NI E AR
(7.8 g, 33.7mmol, 5.0 eq.). MLF%E(1.7 mL,
26.9 mmol, 4.0 eq.). ¥ MIEFHREE60°C, HiH: N
24 h, TLCARIIERISE 4 0%, K IR BRuERE, Fifs g
T LR A AR . R R R R AT Ak i g/
LR TR = 5:1, vin)T37790(0.91 g, 61%USCH, JE
4. 'TH NMR (400 MHz, chloroform-d) 6 7.19 (dd, J =
10.0, 5.6 Hz, 1H), 6.23 (d, J = 10.0 Hz, 1H), 5.78~5.49
(m, 1H), 5.31~4.87 (m, 2H), 4.53 (dd, J = 10.0, 8.4 Hz,
1H), 4.18 (dd, J = 10.0, 8.4 Hz, 1H), 3.89 (d, J = 5.2 Hz,
1H), 3.38 (s, 3H), 3.26 (t, J = 10.0 Hz, 1H), 2.69~2.49
(m, 1H), 2.29 (dd, J = 13.6, 8.8 Hz, 1H). "C NMR
(101 MHz, chloroform-d) & 194.6, 176.5, 145.1, 131.6,
131.1, 120.9, 75.0, 67.5, 58.1, 51.9, 46.7, 38.8. IR (neat):
Vo 2919, 1769, 1677, 1380, 1182, 1079, 1025, 926, 673,
531em™. WHEMEE: [a]® = +84.9 (c 0.38, CHCl,).
HRMS (ESI) caled. for C,H;s0, (M + H)": 223.0965;
found: 223.0962.

2.2.6 ALEPIRE B
SR, B Ea10 (5.0 g, 22.5 mmol, 1.0 eq.)
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BT TR USRI 120 mLH. K OB PR 22 —78°C,
M) S N 2 18 % N L-Selectride (1 M in THF,
33 mL, 33.3 mmol, 1.5 eq.), 4EfFi%iEE M1 h. TLC
I SR 5 AT 2%, TR REIR R I N TR S B K
WKL, IRAPI A R CFEAHL(100 mL x 3), &
FHAHUZ, TKBRRREN T4, I I8, IR M2
RERAE EMTaifL (B 282 288 = 2:1, vv)R7 W)
(3.3 g, 65%I%, TLOIRY). 'H NMR (400 MHz,
chloroform-d) ¢ 5.78~5.64 (m, 1H), 5.32~5.12 (m, 2H),
4.39 (dd, J = 8.8, 7.6 Hz, 1H), 4.27 (dd, J = 10.0, 8.8 Hz,
1H), 3.64 (dd, J = 3.6, 2.0 Hz, 1H), 3.29 (s, 3H), 2.96 (dd,
J =10.0, 7.6 Hz, 1H), 2.62 (ddt, J = 13.6, 5.6, 1.6 Hz,
1H), 2.51 (dt, J = 16.8, 8.8 Hz, 1H), 2.41~2.21 (m, 3H),
2.08 (m, 1H).”C NMR (101 MHz, chloroform-d)
5 207.3, 178.1, 131.2, 121.1, 78.0, 66.8, 56.6, 53.9,
483, 392, 318, 21.5. IR (neat): vp., 2920, 1760,
1706, 1260, 1189, 1087, 1030, 1003, 936, 799,

663 cm™'. LLHEIEIE: [a]® = +19.7 (¢ 0.83, CHCl,).
HRMS (ESI) caled. for Cj,H;;0, (M + H)': 225.1121;
found: 225.1118.

227 ALEYI2HE L

AR T, BMeOCH,P PPh,Cl™ (7.7 g,
22.5mmol, 5.0 eq.)7ECT T PYE R 15 mLH,
BiZ IR B BFRZE-78C, RHHFLZEINALHMDS
(1 M in THF, 18 mL, 18 mmol, 4.0 eq.), I Ti% I
N30 min, SR EBLLE. FONIREAEEINN
&1 (1.0 g, 4.5mmol, 1.0 eq.)fI VUSRI R
(8 mL), ZERFIZIRE SN 12 h, TLCK I JE R} 58 43 2%
TF4) Js IR AR IN TR S A /K TR TR KR, VRE )
PLZ IR ZBE2E (60 mL x 3), SIFANE, LK
BT, SLUE, IRAEAHL AN K SRR A T A P
10 mLA, [a] SR IIAN =5 4R 1.0 mL, =5 %M
8 h, TLCKLMIJF RN TEATE K. S N BB 08 28
TSR, R A 2 N S R JE AT CF T i/ 2. 1R 2

& = 4:1, vin) 39 (712 mg, 67% R, TEEhikYn).
iR LAY (450 mg, 1.89 mmol, 1.0 eq. )% T PUEBk
15 mL, 0°CF M & AR (3.0 g,
9.45 mmol, 5.0 eq.). ZEHE(B50mg, 9.45 mmol,
5.0 eq.). 4ERFIZIE RN 20 h, TLCK I AL 78 4

V5. 1] S SRR 0 N LT S A AR VA TR K v, YR
EWLL IR ZEEREEL(30 mL x 3), &IHFEHLE, KB
FRANT 4, 108, IRAAAR M. M SRR A ZE 4t
(HTHBE 208 2.1 = 2:1, viv)8 7741460 mg, 91%H5 K,
T R4Y). 'H NMR (400 MHz, chloroform-d) & 9.61
(s, 1H), 5.86~5.66 (m, 1H), 5.27~5.05 (m, 2H), 4.31 (d, J
= 8.0 Hz, 1H), 4.22 (dd, J = 11.2, 7.6 Hz, 1H), 3.66 (d, J
= 8.8 Hz, 1H), 3.58~3.51 (m, 1H), 3.33 (s, 1H), 3.26 (s,
3H), 3.12 (t, J = 11.2, 8.8 Hz, 1H), 2.48 (dd, J = 14.0,

5.6 Hz, 1H), 2.04~1.93 (m, 2H), 1.81~1.74 (m, 1H),
1.68~1.58 (m, 2H), 1.46~1.34 (m, 1H). "C NMR
(100 MHz, CDCly) & 204.6, 178.5, 132.6, 120.3, 79.8,
66.9, 65.3, 57.2, 51.0, 50.3, 36.8, 35.2, 20.2, 17.7. IR
(neat): v, 3433, 2929, 1749, 1224, 1089, 1021, 750, 667

em™. FUHEIERE: [a]® = +1.5 (c 0.35, CHCly). HRMS

(ESI) caled. for C4H,, 05 (M + H): 269.1384; found:
269.1385.

22.8 ALEYI3HE K

EAMEYT, BibAEW12 (200 mg, 0.75 mmol,
1.0 eq.) Ji FH#F47(400 mg, 1.87 mmol, 2.5 eq.)fl
200 mg 4 AZrFImE T TR & 10 mL. 0°CF
I 52 87 A8 i N = Y AR 845 D 4 R (220 mg,
1.49 mmol, 2.0 eq.). FfMNEHATFEERKMN3 h,
TLCRM JFRL 58 A 2. 1) SOSEIR P I N i AN S Ak
IKVEE R S, IRAP A S e A HL (20 mL x 3),
HIANZ, TOKERER AT 1, 1 U8, IRAE 1A & R
ZRERAT R A B 28 28 = 2:1, viv) 15774
(193 mg, 92%H %, TCEIHRY). 'H NMR (400 MHz,
chloroform-d) J 9.52 (s, 1H), 5.77 (m, 1H), 5.27~5.07
(m, 2H), 4.31~4.09 (m, 2H), 3.38~3.29 (m, 2H),
3.29~3.15 (m, 6H), 3.11 (t, J = 10.0 Hz, 1H), 2.47 (ddt,
J = 14.0, 5.6, 1.6 Hz, 1H), 2.01 (dd, J = 14.0, 8.8 Hz,
1H), 2.06~1.83 (m, 3H), 1.62 (dd, J = 14.0, 3.2 Hz, 1H),
1.36 (m, 1H). "C NMR (100 MHz, chloroform-d) ¢
203.9, 178.4, 132.8, 120.1, 79.8, 75.5, 66.9, 59.3, 57.0,
50.3, 50.2, 36.7, 35.2, 20.0, 17.5. IR (neat): vy, = 2927,
1769, 1726, 1448, 1220, 1199, 1093, 1025 cm™". FLiE)t

F£: [0]% = 8.2 (¢ 1.32, CHC1,). HRMS (ESI) calcd. for
C5sHy05 (M + H)': 283.1540; found: 283.1544.
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229 EWI3HE K

KB E3 (5.0g, 17.7mmol, 1.0 eq.)i& T HEE
100 mLH. iR T A [ M H I 2.1 (2.0 M in THF,
443 mL, 88.7mmol, 5.0 eq.), 4EFF=EEBFESML h
LC/MSH I AL 58 498 2%, [ s MR HH N B &4
(3.9 g, 106 mmol, 6.0 eq.), FiHFEM1 h, TLCK:
AL TE AT 2. ) R SR H I N A S A B KA R
TR RZBL, WAL E R HEAE(100 mL x 3), &3
FHLZ, ToKIRBRAA T, U8, IRAF3AH 5. A sk
R EMr Al E T/ 2R L = 6:1, v
(4.85 g, 88%I%, TLORY). '"H NMR (600 MHz,
chloroform-d) ¢ 5.76~5.61 (m, 1H), 5.18~5.06 (m, 2H),
4.22~4.15 (m, 1H), 4.12 (t, J = 8.4 Hz, 1H), 3.28 (s, 3H),
3.27~3.21 (m, 4H), 2.97 (d, J = 9.6 Hz, 1H), 2.72~2.52
(m, 6H), 2.19 (dd, J = 14.4, 9.0 Hz, 1H), 1.89~1.83 (m,
1H), 1.75~1.63 (m, 2H), 1.59~1.51 (m, 1H), 1.47 (td, J =
13.8, 3.0 Hz, 1H), 1.39~1.31 (m, 1H), 1.09 (t, /= 7.2 Hz,
3H). "C NMR (151 MHz, chloroform-d) 6 179.3, 133.3,
119.5, 80.4, 77.3, 67.7, 59.0, 57.02, 52.5, 50.5, 44.8,
39.0, 38.5, 38.0, 19.5, 19.2, 15.2. IR (neat): v, = 2931,

1769, 1453, 1226, 1100, 1024 cm™". LRI [a]2 =
—22.6 (¢ 0.79, CHCl3). HRMS (ESI) calcd. for C,,Hs,
NO, (M+H)": 312.2169; found: 312.2173.

2210 {kEYREE R

EAAR AL A 13 (250 mg, 0.80 mmol, 1.0 eq.)
BT TEFZES mL. T-0°C N ) S S 22153 inDI-
BAL-H (1 M in PhMe, 2.4 mL, 2.4 mmol, 3.0 eq.). 4k
FFO'C M1 h, TLCR IR E 4 2R Ia, ¥ N H
AIHR R ZER, FRFERRM b BEGEFRRBET
IR 250°C ) M3 h, LC/MSHL I O 58 4 Fe Ak o B EE =4
VKA H R S, AN/ & R R TG O AR,
I S LR HROIM AN A TR VT K IR, IR &Y
FEin MEE R EEWARETE. SHEAEIZE, KEZEB
THEAFREER(OmML x 3), GHEHE, KRR
TIE, DL E, IR, A G i, BEE T T
PG 10 mLHr,  Jm) e B VR H N 2 - R 2 R R
(IBX) (678 mg, 3.0 eq.), AEHF= i< NM3 h, TLC
For I JEURE 78 4 2%, BT SRR A . R o 2 R
JAE EMT A E T B/ LR OEE = 6:1, viv)IFF=H)

554

(132 mg, 56%! %, TEEIMRY). 'H NMR (400 MHz,
chloroform-d) ¢ 10.02 (d, J = 1.6 Hz, 1H), 5.93~5.73 (m,
1H), 5.34~5.09 (m, 2H), 3.65~3.52 (m, 1H), 3.52~3.42
(m, 1H), 3.39 (s, 3H), 3.34~3.18 (m, 5H), 3.16 (d, J =

3.2 Hz, 2H), 3.14~3.01 (m, 3H), 2.55 (dd, J = 14.0,
8.4 Hz, 1H), 2.28~2.09 (m, 2H), 2.08~1.92 (m, 2H),
1.69~1.55 (m, 1H), 1.43~1.28 (m, 4H). "C NMR
(151 MHz, chloroform-d) ¢ 205.7, 131.3, 120.9, 80.0,
74.2, 60.4, 59.1, 57.5, 53.6, 51.8, 50.9, 49.1, 44.5, 37.0,
30.1, 24.3, 11.5. IR (neat): v,,,, = 3413, 2928, 1713, 1462,

1367, 1101, 780 em™ . FLHEIE: [o]% = +28.1 (c 0.28,
CHCl5). HRMS (ESI) caled. for C,;H;NO; (M + H)":
296.2226; found: 296.2228.

3 ZREW®R

WENFTR, Co- i EMIR I R 2 2 I 28 &
HIFPAERE R, HACL. C1855AL B N 5L
RIE. Z BTG AR IE 5 A2 TEA/EXS R B R Ab A 2
T K TR A B LA S B0 1) A, ACHE Se R iy 7 — b
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Asymmetric synthesis of the functionalized A/E bicyclic fragment of
the C,y-diterpenoid alkaloids
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Abstract: The C,y-diterpenoid alkaloids belong to a class of natural products with significant biological activities.
These molecules are structurally characterized by complex cage-like skeletons and dense functional substituents. The
efficient preparation of the A/E aza-bridged ring system, which is ubiquitous in C,o-diterpenoid alkaloids, would lay an
important foundation for their total synthesis. This paper reports a new asymmetric synthesis of the functionalized A/E
bicyclic fragment of the C,o-diterpenoid alkaloids, featuring desymmetrization, diastereoselective allylaltion, aldol
hydroxymethylation, and reductive amination as key steps.
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