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Select daphniphyllum alkaloids
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Daphniphylline*®  Yuzurimine*” Daphnilactone A8 Secodaphniphylline'® Daphnilactone B''12 Yuzurine'?
(1966); (X-ray) (1966); (X-ray) (1970); (X-ray) (1971); (X-ray) (1972); (X-ray) (1974); (X-ray)
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Bukittinggine'4 Daphnezomine A'®  Daphnezomine F'® Daphnicyclidin A'”  Daphnezomine L'®  Daphnicyclidin J'°
(1990); (X-ray) (1999); (X-ray) (2000); (X-ray) (2001); (X-ray); (NMR) (2002); (NMR) (2002); (NMR)
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Daphnicyclidin K'® Daphmanidin AZ° Daphniglaucin A2!  Calyciphylline A2  Calyciphylline B222*  Daphniglaucin C?*
(2002); (NMR) (2002); (NMR) (2003); (NMR) (2003); (NMR)  (2003); (NMR); (X-ray) (2004); (NMR)

Chem. Rev. 2017, 117, 4104-4146




Table 1. Cytotoxic Activities of Daphniphyllum Alkaloids

cytotoxic activity

alkaloid ICy against ref
daphnicyclidin A 13.8 uM P-388 cells 52
daphnicyclidins A=H 0.8, 0.1, 3.0, 1.7, 0.4, 4.3, 4.2, and 0.5 ug/mL murine lymphoma L1210 17
daphnicydidins A_H £N 2L 1Y AL €9 ML 1IN and NO aalaad | R, n-:JA-u-—id carcinoma KB cens I?
daphnicyclidins ] and K Table 2. Alkaloids with Other Bioactivities a L1210 19
daphnicyclidins J and K alkaloid activity ref id carcinoma KB cells 19
:Phhzq:g‘ : ‘"’: : calyciphylline K enhances mRNA expression of NGF 36 22
il e daphtenidine C insecticidal against Plutella xylostella 63
daphmanidin C elevated activity of NGF biosynthesis 26
Ayt i s D daihm'oldhanhle ] inhibits platele? aggregation isny:uced by PAF 64 hes s A
PUFTE—— daphniglaucin C m}zsb;:s h{ulymenzahon of tubulin; IC,, = 24 ——— 45
daphnezomine B daphmacromines A—] pesticide activity against brine shrimp 65 id carcinoma KB cells 15
daphnezomines F and G daphmacromine O pesticide activity against brine shrimp 55 a L1210 16
daphnezomines F and G daphmanidins A, E,  relaxation activity;” 38% and 46% at 66 id carcinoma KB cells 16
daphnezomines L and N and F 107 M for A and E, 35% at 10™* M for F 2 L1210 18
daphnezomines P, Q, R, and § deoxycalyciphylline B hepatotoxic 59 a L1210 60

himalenines A~E inhibitory activity against kinase enzymes, PTP 48
1B, aurora A, and IKK-f

daphnfghuc?ns Awd B logeracemin A anti-HIV activity; ECyy = 4.5 £ 0.1 uM 49 a L121.0 *
daphniglaucins A and B longeracemine stimulates shoot elongation of wheat 39 id carcinoma KB cells -
daphniglaucin C pordamacrines relaxation activity;* 50.0% and 47.1% at 6z  all210 24
Aand B 107 M
daphnilongeridine “Relaxation activity against norepinephrine-induced contractions of 549, Bel-7420 cells 61
daphnilongeridine thoracic rat aortic rings with endothelium. 61
daphangustifoline B 28.64% + 13.56% at 107° M HL-60 cells 62
daphangustifoline B 11.80% =+ 17.17% at 107° M MCEF-7 cells 62
daphangustifoline B 53.25% + 1.68% at 107° M AS49 cells 62
calyciphyllines A and B 2.1 and 4.2 ug/mL murine lymphoma L1210 22
calyciphylline G 9 ug/mL murine lymphoma L1210 32
macropodumine C 10.3 uM P-388 cells 52

Chem. Rev. 2017, 117, 4104-4146
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Aq. Solution of 4C o o
. . HO OH @ 0
Labeled-mevalonic acid Mevalonic Acid
AcO™ *
iPr iPr
12 days; HN HN
Isolation of components
e v b ’ In leaves by prep TLC daphniphylline co-daphniphylline
Daphniphyllum
macropodoum 2M Ag. NaOH/MeOH;
Prep TLC
o N
OH Chemical o 0
MO Degradation © ©
0 + + o
O iPr HO
2. NaBH, HN HN

14C incorporated .
codaphniphylline desacetyl

daphniphylline

Additional 14C labeling, 3H labelling indicated further evidence of MVA incorporation
- 14Clabelled squalene showed incorporation into the above species
- Similar behavior observed with daphnilactone B

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132.



Me OH Mevalonate

pathway [O], cyclization
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daphniphylline daphnilactone B

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132. Pure Appl. Chem. 1989, 61, 289-292.

Enzyme




Me OH Mevalonate

< pathway
* —_—
R
—_—
CO,H
OH

six MVA units (with stars)

Enzyme

. I N | . . - - - . -
to several 2,8-dioxabicyclo[3.2.1]octanes from geraniol (ref. 3). However, with regard to
the more complex nitrogen-containing portions of the Daphniphyllum alkaloids, there has
been essentially no actual biosynthetic experimental work, and the general schemes that
have been advanced (ref 1,2) are not mechanistically satisfying.

N v

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132. Pure Appl. Chem. 1989, 61, 289-292.
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From &-valerolactone in

two steps
( N\
COsMe
HN
methyl
\homosecodaphniph yllate)

2" generation synthesis of the first synthesized daphniphyllum alkaloid

1. LDA, THF, -78 °C; CL
t

then A;
0—\ then B, -78 °C to r.t.
Ph 87%
BnO
8. H,, Pd/C, HCI 7. AcOH
-€ -
9. CrO3, Hy,SO,4 ' 7%
10. MeOH, H,SO, HN (three steps)

85% (three steps)

J. Am. Chem. Soc. 1988, 110, 8734-8736.; First gen: J. Am. Chem. Soc. 1986, 108, 5650-1

BnO

BnO

2. DIBAL HO

>

3. NaOH, H,O/EtOH, 95 °C

4. LIAIH, HO
77% (three steps)

5. (COCl);, DMSO
EtsN, CH,Cl,

BnO

6. NH,, CH,Cl, H
OHC

-«

OHC




Squalene-like intermediate

Pure Appl. Chem. 1989, 61, 289-292.
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What about the other scaffolds?
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HO HO
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HN Me

COzH COZH COzH

* 7
HO
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Me N
Me N
H
CO,Me
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> O or
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HN - HN
daphnilactone A methyl

homodaphniphyllate
10

Pure Appl. Chem. 1989, 61, 289-292.
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1. tBuo&

HMPA, THF
-78 °C
83%

4. Li enolate of B

)\/\/I\/\/ﬁ\ Sl I
X X ~ R CHO
OB Br” """ CH(OMe),

HMPA, -78 °C B

3. pTsOH, H,O/COMe,
82% (two steps)

CO,Bu OH

Y

THF,-78 °C to r.t.

82%
CHO
R CHO
AN
R
E Fragment
(0]
4. LDA A
TMS > 7
fBuO THF, -78 °C
84%
CHO R
R 7 and 8: see above
N -
90% (two steps
CHO o Pe)
Z Fragment

Science 1990 248, 1532-1534.; J. Org. Chem. 1992, 57, 2554-2566.

CO,tBu

5. MsCl, EtzN, CH,ClI,
6. DBU, PhMe, 80 °C
87% (two steps)

7. DIBAL, CH,Cl,, -78 °C;
MeOH, -78 °C tor.t.;

COztBU

< R COsBu
DIBAL, CH,Cl, A -
-78 °C
8. Swern (no conditions R
given)

85% (two steps)

TMS

OtBu 5..LDA, B, THF, -78 °C,

73%

11



1. BuyNHSO, (5 mol%),
Aq. KOH, 25 °C

L

2. NH4OAc, DMSO/NHj3, 80 °C \
50%

Pz 7 = = 2. Oy, H,SO,
1. RhCI(PPhy)s (cat.), Hy CH,Cl,/MeOH, -78 °C
PhH, r.t. B ‘31,' ﬁrg% Hrﬁ/?%‘f—lo '?
' 880/ ' - Mo 4, e , .t
HN ° HN 78% (four steps)

Relevant Intermediates

NH3

Science 1990 248, 1532-1534.; J. Org. Chem. 1992, 57, 2554-2566.

proto-daphniphylline

HN

methyl

\homosecodaphniphyllate)

§
CO,Me

12



A solution to the foregoing dilemma was provided not by
design, but through a remarkable accident. At one point in our
utilization of the cyclization protocol for the synthesis of various
Daphniphyllum alkaloids, one of my graduate student coworkers
carried out the normal protocol that we had developed, using
dialdehyde 24 as the substrate. To our amazement, the product
of this reaction was not the normal one, compound 25, but its
dihydro derivative compound 32 instead. Remarkably, com-
pound 32 was produced in very good yield (about 75%).

OBn
H
OHC
OHC
=
l )
B OBn ]
H
=z
+
Me” N
Y 7

Careful examination of all of the reagents, solvents, and
reaction conditions soon revealed the cause for this unex-
pected result: a mislabeled reagent. Shortly before the strange
reaction was carried out, our supply of ammonia had been

exhausted and my coworker had obtained a new lecture bottle
from a friend in another research group. The new lecture
bottle, although clearly labeled “Ammonia,” was found by
mass spectral analysis to contain only methylamine. The

NH,Me
75%

1. Ruggeri
Cyclization

Aza-Prins

Glycine performs the same cyclization in 38% yield

Angew. Chem. Int. Ed. 1992, 31, 665-681; PNAS 1996, 93, 14323-14327.

13




CO,H CO,H

CO,H
CHO
H
HO ' '
+ opP —— N > N
g r
HO HO
= OP* =z | OP*
N
Me N Me N
H+

HN Me

COzH COZH COzH

* 7
HO
~ OP* HO l
~ | | oP*
Me N
Me N
H
CO,Me
(@)
> O or
) )
HN - HN
daphnilactone A methyl

homodaphniphyllate
14

Pure Appl. Chem. 1989, 61, 289-292.
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Br
1.LDA, A, THF, -78 °C Br
CO,Et 2. LiAlHy, Et,0, 0 °C Pyr. CH,Cl,, 0 °C;
82% (two steps) Ag. H,SO,

95% ~1:1 d.r.

7. NH,
8. AcOH, NH,OAc
45°C

42% (two steps) 5. LiAIH,, Et,0, 0 °C

Br

A

6. COCl,, DMSO
EtsN, CH,Cly, -78 °C

0 9. H2, Ptzo, EtOH, r.t.

] 10. DIBAL, PhMe, reflux

4 \
(0]
11. CI'O3, H2304, COMez
> (0]
12. CH,O,pH 7, r.t. -
50% (two steps) HN

HN 70% (two steps)
daphnilactone A )
11. CrO3, H,SO,4, COMey, r.t.
12. MeOH, reflux
94% (two steps)
O,Me ( COZMe\
13. PhNCO, CH,Cl,
14. HCOH, reflux
HN
methyl
homodaphniphyllate

Angew. Chem. Int. Ed. 1992, 31, 665-681.; J. Org. Chem. 1992, 57, 2585-2594.; J. Org. Chem. 1995, 60, 1131—1143

4.27nCl,

NaNapth, THF, 0 °C;
HMPA, 0 °C to r.t.
89%

15



Calyciphylline A-type Skeleton
Distinguishing Features
*  Cy, nor-daphnniphyllum alkaloid
* Fused hexacyclic B ring
* Variety of oxidation patterns
on the B-F ring, including oxidation
on nitrogen

Premier Members of the Class

Daphenylline Himalensine A

First synthesis: Li, 2013  First synthesis: Dixon, 2017

.......... © WorldAtlas.com

China

Himalayan
Mountains

Yunnan province

Daphniphyllum longeracemosa

Isolation yield: 40mg from 60kg.
Structure determined from NMR
Biological Activity unknown

Daphniphyllum longeracemosa
(himalensine)

Isolation yield: 1.6mg from 12.3g

Structure determined from NMR
Kinase inhibitor

(daphenylline)

Putatitve Biosynthesis
CO,Me

Y

Yuzurimine-type
skeleton

Me

|
0O-
calyciphylline A 16

Nat. Prod. Rep., 2009, 26, 936-962.; daphneylline isolation: Org. Lett. 2009, 11, 2357-2359.; himalensine isolation: Org. Lett. 2016, 18, 1202-1205.



Radical

Global Reduction ~\ Cyclization ~\

>
7 —\\ 7

Daphenylline

6n-electrocyclization/
aromatization

Amide formation Pd-catalyzed

coupling
y /
< OTBS <
N AN
Michael Addition
C02M6
O o)
Au-catalyzed- O-N
L 2
Conia-Ene N Mitsunobu et
> > + N
— HN—S
Me Me I

N H
\\/ N So-Ns OH

17
Nat. Chem. 2013, 5, 679-684.




Me

OH
Six steps

9. hv
(HG lamp 500 W)
PhH, 0 °C
71%

1. PPh3, DIAD

o

7. KHMDS, PhNTf,,
THF, -78 °C

-«
8. Pd(PPhs), (cat.)

B, K,CO,
DME, 60 °C
73% (two steps)

THF, 0 °C
86%

\\\/

Z e

2. TBDPSOTf, 2,6-lutidine

CH,Cl,, -78 °C
>
Me 3. Au(PPh3)CI (cat.)
AgOTf, MeOH, r.t. -
) N
70% N
0-Ns (29% rsm, two steps) o-Ns
o 4. K,CO34, p-thiocresol
DMF, r.t.
5. A, HOBt, EDC-HCI
TBSO, Et;N, CH,Cl,
6. K,CO4 72% (two steps)
MeCN, reflux <
86%, 9.5:1 d.r. N CO,Me
0]

10. DBU

CH,Cl,
67%

HO,C
A

CO,Me

Nat. Chem. 2013, 5, 679-684.

18



11. TMSOTY, EtzN
13. HF-pyr., THF, 0 °C

CH,Cl,, -78 C> OTBS -~
12. Pd(OAc), // 14. PPhs, Imid. I,

MeCN’ rt CH2C|2, r.t.

81% (two steps) CO,Me 93% (two steps)

° 0

0]

17. LiCI-H,0, DMSO
15. (TMS);SiH

160 °C
86% (two steps)

16. Crabtree's Cat.

AIBN, CH,Cl,

H2, CH2C|2, r.t.

19. LiAIH,

Et,0, 40 °C
66% (two steps)

H
18. Pd/C, H,

— o
AcOH/MeOH, r.t.

daphenylline )
ﬂ Decarboxylation;
aromatization
HO,C

HO,C

( )

~\
l '}'\
—

\C rabtree's Catalyst )

H,O

19

daphnenilongeranin C

Nat. Chem. 2013, 5, 679-684.



daphenylline himalenine D
Biomimetic
Aldol rearranagment Reduction

Key Divergent daphnipaxianine A
Intermediate
" 7 (0]
[3+2 cycloaddition] = /\f
O

O  Radical
Cycliation

—

Lu’s [3+2]

CO,Et

_~__0O EtO.C PPh (10 mol%)
é/\f + \—— - "llcozEt

PhH, r.t.
CO,E '
OEt HEt 57%
CO,Et
PR3 /\fo
OEt
Elimination Addition
CO,Et
w\W COZEt ~ O
+ \ PR; OEt
RsP CO,Et *
EtO,C
Isomerization Cyclization —
CO,Et
CO,Et
ww COzEt
>
A RsP CO,Et
Acylation
Michael :\\._ Me
Addition NH
20

Angew. Chem. Int. Ed. 2018, 57, 952-956.; Lu‘s [3+2]: J. Org. Chem. 1995, 60, 2906-2908.



2. K,COg, p-thiocresol

1. [Rh(cod)Cl],, PPhy DMF, rt. //OTBS
»
:\\’ Me AgBF,, Hy, CHyCl, —\\ Me 3.A,HOBt EDC-HCI o
’F\] 99% ’N Et3N, CH20|2 COZMe
NN NN 4. (CH,0),, DBU
o-Ns O-NS MeCN, 95 °C
72% (three steps) 5. CrO3, H,SO4
CO,Me, 0 °C
0 6. SOCl,, CH,Cl,, 0 °C;
9. B, dppf (cat.) grllnglr IE))t/r
2 2, . L
CHCly, r.t. 7. hv (Hg, 400W) 81% (two steps)
10. Lil, H,O PhMe, r.t.
MeCN/DMSO 46%

37% (two steps)

OTBS
11. TBD, THF 13. Lawesson's Reagent
reflux 1,2-DCB, r.t. N
> - PN
12. Et3SiH, TFA 14. Raney Ni N N
r.t. THF, r.t. HO,C CO,Me H

66% (two steps) 75% (two steps) TBD

A

daphenylline

.

Elimination;
> Key
Aldol Intermdiate

21
Angew. Chem. Int. Ed. 2018, 57, 947-951



1. [Rh(cod)Cl],, PPhs

2. K,COg3, p-thiocresol

DMF, r.t.

3. A, HOBt, EDC-HCI

'
7 Me AgBF4, Hy, CH,CI, 7 Me
. 99% 9 Et,N, CH,Cl,

N L 4. (CH,0),, DBU

11. IrCI(CO)(PPhs), (cat.)

(MezHSi)ZO, CHzclz,
NaBH(OAc),
81%

11. TBD, TH
reflux

12. Et;SiH,
r.t.
66% (twc

12. DBU, LiCl

himalenine D

MeCN, 120 °C
79%

<
-

o

daphnipaxianine A

13. NaBH4, CeCI3

MeOH/THF, -60 °C
72%
3:1d.r.

»SO,

0°C
CH,CI,, 0 °C;
pyr.

r.t.

o steps)

Angew. Chem. Int. Ed. 2018, 57, 952-956

daphenylline

Elimination;
> Key
Aldol Intermdiate

22




CO,tBu

OTBS oTBS 2. Crabtree's Cat., Hy
1. A, PBU3 CH2C|2, HCOzH, r.t.
K,CO3, MeOH, PhMe, r.t. 3. DCC, mCPBA
83% CH,Cl,, 0 °C
p— 4. PCC, SiO,, CH,Cl,, r.t.
0 ——— CO,tBu 72% (three steps)
five steps from Li's A
precursor 5. K,CO5, MeOH, r.t.;
DMP, NaHCO;,
CH,Cl,, 0 °C
8. PACl, (cat), CuCl, (cat) 6. PTSA, PhH, reflux
- 2 (cat.), LuLl; (cat. 71% (two steps
DMF/H,0, O, rt. | FiNOz DBU o Pe)
9. PTSA, PhH, reflux MeCN, reflux

74% (two steps) 81%, 10:1 d.r.

11. K,CO3, MeOH

14. NaOH, brine

10. PCC Tf,O, pyr. . MeOH, 80°C, uW _
SiO,, CH,Cl, 12. Pd(dppf)Cl; (cat.), B 15. Pd/C, AcOH/MeOH
quant. Et;N, MeOH, 55 °C

13. PdCl, (cat.), CuCl, (cat.)
DMF/H,0, O,, r.t.
80% (three steps)

r.t.
16. LiAlH,, Et,0, 40 °C
44% (three steps)

daphenylline

N

Angew. Chem. Int. Ed. 2018, 57, 952-956



[3+2] Imine formation .
)

4 I
HN O

daphenylline —R

Sonogashira Coupling Claisen Rearrangement
Mitsunobu
Fu's Enantioselootive Friedel-Crafts O
, egishi s X H
< X H <
X N N

Chilorination MeO,C

24
Angew. Chem. Int. Ed. 2016, 55, 6067 —6070




Retrosynthesis

D D

: .
I
Steric N o
Repulsion
daphenylline . y \ R
more access:ble
upling Claisen Rearrangement
Mitsunobu
chloroamine T .
SiO, H
>
EtOH, r.t.
Fu's En{ HON 96% \
/ N N—g “H ’
AN ‘ H \\
X Chlorination MeO, C

25
Angew. Chem. Int. Ed. 2016, 55, 6067 —6070




3. NiBr,-diglyme (cat.)
1. NaBH,4, CH,Cl, (S)-iPr-Pybox (cat.)
MeOH, r.t. .~ DMA, 0 °C . MeO Y
e0 2. PCl3, Pyr. MeO 4. ag. NaOH, EtOH, r.t.
0]

CH,Cl,, -10 °C Cl 45% (four steps)
97:3 e.r.; recrys: >99:1 HO,C
5. TFAA, TFA
CH.Cl,, r.t.;
O. 8. Tf,O, pyr. O. 6. BBr; Na,COs, MeOH, r.t.
CH,Cl,, 0 °C CH,Cl,, 0 °C 81%
- -
. H 9. PdCly(dppf) (cat) O ' H 7. MeMgBr, THF ~ MeO H
propargyl alcohol Me 0 °C; MgBr, 0]
pyrrolidine, TBAI TsOH-H,O
DMF, 60 °C THF, 50 °C
63% (two steps) 68% (two steps)

13. TBSCI, Imid.
DMF, r.t.
—_—
14 9-BBN, THF
0 °C; H,0,
aq. NaOH TBSO
0°Ctort.

96% (two steps)

10. H,, Lindlar cat.
quinoline, EtOAc
r.t

11. nBu-vinyl ether
Hg(OAc),, 60 °C
73% (two steps)

12. iBuAl

hexane, 10 °C
90%, 5.9:1 d.r.

17. LDA, Mel

HMPA
THF, -78 °C
67%

15. AZADOL, Phl(OAc),
phosphate buffer
MeCN, r.t.

16. TFA, CH,Cly, r.t

63% (two steps)

26
Angew. Chem. Int. Ed. 2016, 55, 6067 —6070



MeO,C

J I
NsN Y .
H

TIPSO

Me
H
18. LiAlH,, THF, 0 °C HO O. 20. Meozc/\ NHNs
o H >
19. TIPSCI, imid. DMF, r.t. DEAD, PhsP
63% (two steps) TIPSO PhMe, 70 °C
Me 85%
O o0 o0
\ 7y
JJ\ /S\ +
MeO N NEt,
H
MeO,C MeO,C
Burgess Reagent 2 W Me H O. ? W Me H O.
BocN BocN
H 23. DMP
-«
0~ CH,Cly, r.t. HO
24. NaOAc, BHT Me 93% Me
4A MS, PhMe _ _
uW, 200 °C
53%
25. NH3, MeOH, 70 °C
o — o

26. Burgess reagent
CH20|2, r.t.

27. NaBH,, MeOH, reflux
27% (three steps)

\\

daphenylline

21. PhSH, K,CO4
DMF, 50 °C

22. TBAF, THF, r.t.;
Boc,0, ag. NaHCO,
CH,Cl,, r.t.
76% (two steps)

Angew. Chem. Int. Ed. 2016, 55, 6067 —6070

27



J. Am. Chem. Soc. 2022, 144, 5750-5755.

daphenyllline

Remote, directed MMR
tandem amination/amidation
double cyclization

Oxidative
dearomatization
/
<
N
Asymmetric
Hydrogenation

28




B MeO ]
\ Me
1. CeCls, allylMgBr 5 EtOC
THF, 0 °C; then HCI O Grubbs Il (cat.)
CH2C|2, r.t.
~~TJ | =
i | 70%, (two steps) Et0,C
Prepared in 3. Rh(NBD)BF,
two steps (S)-Tol-BINAP

H,, TFE, 40 °C
4. BBI"3, CHQC'Q, -78 °C
77% (two steps)

6. NaOH 5. I, LICA 955 e.r.
- - D
MeOH/H,O THF, -78 °C
reflux 35%, 3:1 d.r.
87%

7. B(CoFs)s (|302'V|e
A o (0]
CHQC|2/THF then
-78 °C TBAF 8. MsCl, DIPEA H

—— favoring | — —_—

OMe si face CH,CI,, 0 °C
attack 67%, 13:1 d.r.

OTBS

A [ —

12. LiNCy,, Mel 10. Pd/C, Et3SiH
THF-HMPA, -60 °C | CH,Cl,, r.t.
- -
13. LiAlH,, Et,0 11. NaBH;CN CH,Cl,
40 °C NH3;0Ac, MeOH -78°Cto0°C
50% (two steps) r.t. to 80 °C 82%

70% (two steps)

daphenylline

29

J. Am. Chem. Soc. 2022, 144, 5750-5755.




Another potential intermediate:

R
H
) —
' '
i HN

secodaphniphylline-type

[O]

himalensine A

D.A
himalensine A core

daphenylline

W

Cyclopropanat/on\ ’ ""OH
7
0 NH
", OH j <;2: O
NH,
J

(S)-carvone
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BN

N3

two steps from
(S)-carvone

10. Crabtree's Cat.
H2, CH20|2, r.t.
85%

—\\F\l

himalensine A

T16. [Ir(CO)(PPH,),Cl] (cat.)
TMDS, CH,Cl,

17. NaBH(OAc);
ACOH, CH20|2
24% (two steps)

Angew. Chem. Int. Ed. 2021, 60, 9439-9443.

OH

4 8.NaBH,, AcOH
CH,Cl, 0 °C

9. Martin's sulfurane

81% (two steps)

1. s-BuLi, THF, -78 °C 3.A, THF,0°C
o o
2. PPhs, THF, r.t. 4. MgCIOy (cat.)
76% (two steps) MeCN, 95 °C
NH, 81% (two steps)
o]
O
A
7. tBusP
PhCI, 110 °C
B 82%
N O

11. O,, TPP (cat.), hv

= _ SO,Ph
NaHCOs, CDCly; 12.Ph0,s” X2

S

Z.\\

5. DBU, p-ABSA
CH4CN, 0 °C

6. Cu(tbs), (cat.)
PhMe, 120 °C
55% (two steps)

PMes, 0°C; HCI, r.t. PhMe, 150 °C;
81% DBU, 55 °C
7%
12. mCPBA (1.1 equiv.), CH,Cl,
13. K2003, MeOH, r.t.
72% (two steps)
HO
14. DMP
NaHCO3 H
CH,Cl,
15. NaOMe
MeOH, r.t.
7%

(two steps)

-
-

13. Lawesson's
Reagent
PhMe, 140 °C

14. Raney Ni,
THF, r.t.

74%
(two steps)
N\

daphenyllline

.




HO

MeO MeO 3. Oxone 0
1. CH(OMe)3, pTsOH 2. tBuOK, TosMIC NaHCO;,
> > >
THF, r.t. 82% THF, MeOH, 55 °C Dy THF/H,O
Me Me 61% (96% brsm) Me s 0°Ctort -
o O NC o e =
1 step from the 61% NC
diketone
TESO
TESQ TESQ 4. TESOTY,
8. NaH 7. TsNHNH,, EtOH 6. Cu(OAc), EtsN, CH,ClI,
2-bromoallylbromide reflux HONEt, 0 °C;
- o) -
THF, r.t. H then CatBH DCE, 50 °C; 5. Pd(OAc), (cat.)
82% HN H CH,Cl,, 0 °C; DBU, r.t. Me = BQ, MeCN, r.t.
NaOAc-3H50, reflux HN H 81% Né 73% (two steps)
O 91%
o}
TESO TESO
11. KHMDS,
10. [Rh(COD)CI], (cat.) PhTf,, THF
9. Pd(OAc); (cat.) PPh; (cat.) -78°C
B > >
r PPh; (cat.), Et3N AgBF 4, H 12. Pd(PPh3), (ca?.)
%\/ H Dioxane, uW, 120°C CHxCly, 1.t CO, nBu3Sn(vinyl)
N H 55% AZADOL, PIDA LiCl, THF, r.t.

r.t.
82%, d.r. >20:1

14. mCPBA, CH,Cl,

15. Ir(CO)(PPh3),Cl (cat.) 0°C
-
TMDS, CH,Cl, r.t; BF3-Et,0, PhMe
TFA, Et3SiH, r.t. 0°Ctor.t.
57% 54%

himalensine A

Angew. Chem. Int. Ed. 2019, 58, 7390-7394.

83% (two steps)

13.SnCl,

CHzclz, r.t.
75%
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daphnezomine
A-type skeleton

Distinguishing Features

e Aza-adamantane core. First natural

product to be identified with such
a feature

e Some members contain a hemiaminal

Representative Members
CO,H CO,Me

; g

OH OH
daphnezomine A daphnezomine B

o

== ", Hokkaido:

Nat. Prod. Rep., 2009, 26, 936—-962.; daphnezomine A and B isolation: J.

Daphnezomine A: 400 mg; not cytotoxic

Daphniphyllum humile

From 4 kg of leaves:

Daphnezomine B: 45 mg: cytotoxicity was observed

in lymphoma and epidermoid carcinoma KB cells (0.46 ug/mL, 8.5 ug/mL)

W\\\\

Putatitve Biosynthesis

CO,Me

OH

Isomerization

L
v

COZMe

Org. Chem. 1999, 64, 7208-7212.

CO,Me

33




intramolecular oxa-Michael N J,
>

\\\‘ OH
] S,2
N

Dapholdhamine B

OBn

Intramolecular aza-Michael

a-halogenation, SMC vinylogous
Mannich
OBn
0
0

34
J. Am. Chem. Soc. 2019, 141, 11713-11720



OBn

OBn OBn OBn

O 3. Pd(PPh3), (cat.) O
2. CH(OMe); PTSA 1,3-dimethylbarbituric acid
THF, r.t. CH,CI,/THF, r.t. 4. Ni(acac), (cat.)
o o >
HCHO aq., A, 7 days 0 . aq. NaHCOg, TsCl, r.t. 0 . ZnMe,, LiBr 0
88%, 3:1 d.r. H H Et,O/THF/PhMe
2 Ts 3 55%
AN N s ~ N e
PMB PMB
OBn 5. Mukaiyama
Reagent
LHMDS, THF
-78 °C
6. CAN, MeCN/H,0
0°Ctort.

All attempts with IMAM failed

59% (two steps)

XN
PMB

35
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OBn OBn OBn

OBn Q 3. Pd(PPhj), (cat.) Q
o) 2. CH(OMe); PTSA 1,3-dimethylbarbituric acid
THF, r.t. CH,Cl,/THF, r.t. 4. Ni(acac), (cat.)
'
HCHO aq., A, 7 days e) - aq. NaHCOg3, TsCl, r.t. e} v ZnMe,, LiBr
88%, 3:1 d.r. H H Et,O/THF/PhMe
0 AN N s Ts N s 55% |
PMB PMB PMB
OBn OBn OBn 5. Mukaiyama
Reagent
LHMDS, THF
9. Rh(PPhg),Cl 6. H,0,, NaOH 78 °C
CH,Cly, H, 8. XPhos Pd G2 (cat.) THF/MeOH/H,0O 75%
10. CAN B, K3PO, 7. LiBr, MeCN pW
MeCN/H,0 THF/H,0, 50 °C 120 °C
0°Ctor.t. 90% 49% (two steps)
w w w
v (two steps) PMB PMB PMB
OBn
All attempts with IMAM failed
N
H
Sl (K
PUB BPin
A B
36
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OBn OBn OBn
o] O
OBn 3. Pd(PPhj), (cat.)
o 2. CH(OMe); PTSA 1,3-dimethylbarbituric acid
THF, r.t. CH,CI/THF, r.t. 4. Ni(acac), (cat.)
>
HCHO aq., A, 7 days o - aq. NaHCO;, TsCl, r.t. o . ZnMe,, LiBr
88%, 3:1 d.r. H H Et,O/THF/PhMe
o AN N Ts{ N 55%
| |
PMB PMB
OBn OBn OBn 5. Mukaiyama
Reagent
10. KHMDS 8. XPhos Pd G2 (cat.) LHMDS, THF
TBSCI, THF B, K3PO, Br 6. H,O,, NaOH -78°C
-78 °Ctor.t,; THF/H,0, 50 °C THF/MeOH/H,O 75%
- -
KHMDS, PhNTf, 9. CAN, MeCN/H,0O 7. LiBr, MeCN uW
THF, 0 °C 0°Ctort. o 120 °C
65% 68% (two steps) 49% (two steps)
N
H | |
PMB PMB
OBn OBn
11. Crabtree's cat. 14. Pd,(dba);-CHCI3 (cat.) J,
H,, CH,Cly; AsPh; (cat.)
o
TBAF, HOAc K;PO,4, DMF Me
12. NaBH, 60 °C
MeOH/THF, r.t. 80%
13. SOCl,, Pyr.
CH20|2, r.t.
30% (three steps)
\/\ NH )L 0
PUB BPin 9-BBN \/\)]\ \
A B c H
37
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OBn

15. Tf,0, 2-F-Pyr. J
> ",

CH2C|2,
Me 2 N aq. HCI, THF, reflux
82%

16. Pd/C, H, (10 bar) J
> e,
EtOH, r.t.

65%

Ts/

No observation of oxa-Michael
With OH, or carboxy derivative

38
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OBn

15. Tf,O, 2-F-Pyr.

CH20|2,
Me 2 N aq. HCI, THF, reflux
82%

OH
19. Na-Naph, THF
. o _ -78°C;
W“ , "~ 20. PPh,, CBr,, DMAP
N Et;N, CH,Cl,

50% (two steps)

S S
g

21. Et0” Yo 2 NHCI

|

NaH, THF

\l\\\‘ OH
N

J. Am. Chem. Soc. 2019, 141, 11713-11720

16. Pd/C, H, (80 bar)

EtOH, r.t.
75%

\

Ts
18. BH5 THF, THF; )’h,,
B ——
MeOH, H,0,, ag. NaOH
55%
HS \/\\S ( o o )
(0]
NaOH aq.
—> .
reflux W OH
w\\\‘ ' OH 80% N
N
_ Dapholdhamine B
' 3
(0]

WY (@]

W‘ ' 22. HCI, CHCl,
N B quant

dapholdhamine B

L lactone )

17. TEMPO (Cat.)
PIDA, CH,Cl,;
NaClO,, NaH,PO,
2-methyl-2-
butene, THF/tBuOH;
2 N HCI
80%
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Retrosynthesis

CO,X CO-X

Tautomerization cyclization

KSY AN WY
/
OH o)

daphnezomine A

(0]
//  stereoselective
\‘ Pd-cycllzatlon ﬁ\\\\ _, B-alkyl SMC
% ' <
R a2y

(S)-carvone

J. Am. Chem. Soc. 2020, 142, 15240-15245.

CO,X
ﬁ\\\\
(0]
Olefination
ﬁ\\\\
OH

40



WY
then Pd(dppf)Cl, (cat) ﬁ TsN

o) 1. H,, Rh/Alumina, EtOH; OTIPS OTIPS o
Et;N, TIPSOTf TSHN k/ Z
CH,Cl,, 0 °C shlNy, 3. Allyl bromlde N, 4. Pd(OAc), (cat.) ﬁ\
'
w 2. Se, chloramine-T K NaH, DMF K DMSO, O,, 60 °C TsN
\” CH,Cl,, 0 °C ﬁ“ 0°C ‘ 91% ?s%nﬂ-el-?po
33% (two steps) 93% pTHF 5020
80%
vl
o)
10. Burgess Reagent 8. LaCl3-2LiCl, C 6. 9-BBN, THF; o
-«
THF, 0 °C
NB :
oc 9. Na-Napth, THF, -78 °C
then Boc,0, Et3N, 0 °C;

PhMe, 80 °C
0,
S0 AsPh, (cat.), B
OH ag. NaOH, 75 °C
then DMP, CH20|2 7. TFA, CH2C|2, 0 OC;
AcHN 63% (two steps) NaOH, THF
OBn Cgd.r.:2.5:1 58%, Cg d.r.: >20:1
Cyo d.r.: 1:1
M
¢OMe CO,Me
) | L Bobbitt's salt
\‘\ N 11. Bobbit's salt, MeCN o 13. Fe(acac)s (2.0 equiv.)
NBoc > 3 — > W
12. TMSCHN,, MeOH PhSi(O/Pr)H, :
r.t.; TFA- THF/EtOH, 60 °C HN
0 then TFA, CH,Cl,, r.t. 32%
61% (two steps) O 0
( CO,H) ( CO,H)
s flﬁ 15. TMSCHN, 14. TFA
S BrMg MeOH, r.t. MeCN/H,0, 80 °C
W 95% N, 53%
(o) O HO BnO +1 +1
Y TFAN TrAlN
OMe 5 OH OH
, ,
A N ——— daphnezomine B ) daphnezomine A

J. Am. Chem. Soc. 2020, 142, 15240-15245.
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Key Takeaways:

The biosynthesis of the daphniphyllum alkaloids has been somewhat established,
predominantly through Heathcock’s synthetic studies
The calyciphylline A family has received significant attention from the significant
community

- Strategies vary: cycloaddition, electrocyclization, oxidative dearomatization,

metal-catalyzed cyclizations.

More complicated scaffolds, such as the daphnezomines, are finally being explored,
despite being known for quite some time.

Future Directions:

Beyond Suzuki, Hirata, and Heathcock’s studies, very little on the biosynthesis,
particularly the purported “enzyme-catalyzed” steps, have been explored.

Given the biosynthetic proposal, a unified total synthesis of many daphniphyllum
alkaloids families would be interesting (see Li’'s chemrxiv: 10.26434/chemrxiv-2022-
j8fzb)

Synthesis of other families beyond the calyciphylline A series
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