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Transannular Diels-Alder Reaction

- Diels-Alder Reaction: carbocycle formation, atom economy
=
~ MH/H H
O

- Intramolecular Diels-Alder (IMDA) Reaction:
higher reactivity
more regiocontrol e | COOMe Me H _COOMe Me 1 _COOMe

> Me” N N + 17,7 ot
/ [I“'

dr 72/28

- Transannular Diels-Alder (TADA) Reaction: Me Me
even more regiocontrol -
formation of polycyclic ring systems N

Reviews: Oppolzer, W. in Intermolecular Diels-Alder Reactions; Paquette, L. A. Ed.;
Comprehensive Organic Synthesis; Pergamon: New York, 1991; p.315.
Roush, W. R. in Intramolecular Diels-Alder Reactions; Paquette, L. A. Ed.;
Comprehensive Organic Synthesis; Pergamon: New York, 1991; p.513 2
Deslongchamps, P. Pure and Appl. Chem., 1992, 64, 1831.




Intramolecular vs. Transannular

(R=tBu)

-Enhanced tolerability for substituted subatrates | Dictlorbezens | 3-Q 18108 OH
- High levels of facial selectivity 2
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Transannular Diels-Aider Reaction

- Triene geometry determines the relative stereochemistry of the newly formed tricycles
- Prediction based on chair-boat-chair transition state

Table 1.
’A5\
I
A I2 Diels-Alder
LA Reaction
1
Entry Triene geometry® Diels—Alder geometry" Transannular
experimental® 1 (°C)
Prediction
Intermolecular Intramolecular Transannular ;:‘M
1 CTT CAC+TAT CAC CAC 7TV ooy S a0
2 TCT CAC+H+TAT CAC+HTAT CAC e, V23 350
3 CCT CAT+TAC CAT - Rearr. 300
4 TTT CAT+TAC CAT+TAC CAT+TAC SIS E <80
S CTC CSC+TSC CST CST )/ oonly, 300
6 TCC CSC+TSC CST+TSC TSC 19 oy 300
7 cce CSC+TST CSC csc +X Rearr.? 365
8 TTC CSC+TST CSC+TST CSC+TST L3 TST <80

* ¢is (C) or trans (T) refer to unsaturations 1--3 in the order depicted in the scheme.

b ¢is (C), trans (T), anti (A) and syn (S) in the order depicted in the scheme.

¢ Corresponding to the full set of TADA reactions shown in Fig. 2.

¢ Rearrangement, primarily by 1,5 H-shifts, resulting in a mixture of TADA products.
® Ratio of CAT and TAC tricycles.

' TADA reaction under macrocyclization conditions.

Marsault, E.; Toro, A.; Nowak, P.; Deslongchamps, P. Tetrahedron, 2001, 57, 4243.



Stereochemical Course of the TADA Reaction

TS for [cis,trans],cis-1
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Stereochemical Course of the TADA Reaction
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Macrocyclization Methods

7(2/:\\;: Cs,CO3, THF/DMF ”4

Cl  80°C, 5 hrs at 4mM 88%

1) ClsCeH,COCI,
. Et;N, THF, 23°C
o 2) DMAP, toluene, 80°C

gllll
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TBDPSO Me Me

TBDPSO Me Me
38%
Me Me
AsPhs (1 eq.)
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Ring closing metathesis
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Application to Syntheses
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FR182877: Isolation and Biological Data

- OH o0 ~H Tsolation: from fermentation broth of Streptomyces sp. (238 mg from 100L)

HO by chemists at Fujisawa Pharmaceutical company
Anti-tumor activity against human tumor cell lines: ICy, 73 - 21 ng/mL
M H H Me also tested in vivo against Leukemia cell and colon tumor cell
© effective dose 1.6 ~ 6.3 mg/kg
(-)-FR182877 Acute toxicity: LDy, >60 mg /kg

Mechanism of action: antimitotic agent, similar to taxol, epothilone

-Fig. 6. Effects of FR182877.and other antimitotic drugs on morphological changes in BHK cells,

FR182877 Vincristine Taxol

Sato, B.; Muramatsu, H.; Miyauchi, M.; Hori, Y.; Takase, S.; Hino, M.; Hashimoti, S.; Terano, H.

J. Antibiot. 2000, 53, 123. 9
Sato, B.; Nakajima, H.; Hori, Y.; Hino, M.; Hashimoti, S.; Terano, H. J. Antibiot. 2000, 53, 204.



FR182877: Structure Determination

Complex hexacyclic ring system

Strained bridgehead double bond:
can be easily epoxidized by molecular oxygen

HRFAB-MS gave C,,H3,05

2D NMR (COSY, HMBC, HMQC) of diacetate elucidtaed
the planar structure

(-)-FR182877

| Relative configurations were determined by NOESY of diacetyl epoxide
" Fig. 5.- NOESY Experiment of 3 in CD

By MTPA derivatization, the absolute configuration at C(8) was found R

Fig. 7. Ad, between (S )-MTPA and (R)-MTPA esters of FR182877.

Yoshimura, S.; Sato, B.; Kinoshita: Tl; Takase, S.; Terano, H. J. Antibiot. 2000, 53, 615. 10
Correction. J. Antibiot. 2002, 55, C-1.



FR182877and related natural products

- A pattern of alternating acetate and propionate
units are seen in both 1 and 2

- 4 may be a common precursor for both 1 and 2

- Transannular hetero Diels-Alder reaction could
transform 3 to the hexacyclic core of 1

- Transformation from 4 to 3 may be achieved by
intramolecular Diels-Alder, or intramolecular
Knoevennagel condensation

PQ
MB\\/.\;\ o] ;
20 intramolecular
poviy O DleisAider
8 { 0
Me Me Mes
2 3
P = H or unspecified .
protecting group Knoevenagel | (-H,0)

cyclization

5: macquarimicin A 6. cochlsamycin A

1. P = H, W59885B 4

Vanderwal, C. D.; Vosburg, D. A.; Sorensen, E. J. Org. Lett., 2001, 3, 4307. 11
Vanderwal, C. D.; Vosburg, D. A.; Weiler, S; Sorensen, E. J. Org. Lett., 1999, 1, 645.



Published Partial/Total Syntheses

Total syntheses:
(+)-FR182877 by Sorensen: (J. Am. Chem. Soc. 2002, 124, 4552.)

two Pd-catalyzed m-allyl substitution reactions to make macrocyclic intermediate
sequencial transannular Diels-Alder reactions

(-)-FR182877 by Evans: (Angew. Chem. Int. Ed. 2002, 41, 1787.)
Suzuki coupling and malonate alkylation to obtain macrocyclic intermediate m-allyl
sequencial transannular Diels-Alder reactions substitution,

alkylation

Synthetic studies toward FR182877:
Sorensen: two IMDA strategies (failed)

Nakada: Construction of AB rings

by IMDA J
Clarke: Construction of AB rings / H H Me
n-allyl Me
by IMDA substitution
: . : " (+)-FR182877
Armstrong: Construction of DEF rings Suzuki

by tetrahydropyranopyranone synthesis Coupling

12



Simulation of the Proposed Biogenesis - Sorensen 1
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Simulation of the Proposed Biogenesis - Sorensen 1
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Vanderwal, C. D.; Vosburg, D. A.; Weiler, S.; Sorensen, E. J. Org. Lett., 1999, 1, 645.



Simulation of the Proposed Biogenesis - Sorensen 1

Me
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0. .0
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Although not mentioned in this report, the Knoevenagel reaction was unsuccessful.

15

Vanderwal, C. D.; Vosburg, D. A.; Weiler, S.; Sorensen, E. J. Org. Lett., 1999, 1, 645.



Simulation of the Proposed Biogenesis - Sorensen 2

0 0
(EtO)QP%O o) 1) Ba(OH,), THF/H,0
Br N/OMe 2) TESCI, EtaN, CH,Cl,
' Me Me 69%
Me

6.5/1

t-BuLi, THF
90 - 100%

Me

Me

Me

- Both vinyl bromide lead to the wrong geometric isomer

- Lithium allenoate intermediate was proposed

16
Vanderwal, C. D.; Vosburg, D. A.; Sorensen, E. J. Org. Lett., 2001, 3, 4307.



Simulation of the Proposed Biogenesis - Sorensen 2

_ 1) TMSCI, Im
0O O 1) BupBOTT, EtzN OH O 2) LiCH,P(O)(OMe),
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\\\_/ 75% Me f\lﬂe 79%
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AcO\/\/\/l\l)]\N,OMe
Me Me Me Me TES:O
MezSnSnMeg, TESO OTES TESOWt\:\\ oH ©
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Vanderwal, C. D.; Vosburg, D. A.; Sorensen, E. J. Org. Lett., 2001, 3, 4307.



Simulation of the Proposed Biogenesis - Sorensen 2

/,e;.z\(“

Me

1) (MeO),P(O)CHBrCOOH,
DCC, NaHCO3 HO
2) EtsN/3HF

CHoCly, 77%

/
1) Ba(OH),, THF/H,0  TESO
2) TESCI, Im, CH,Cl,

74%

N 1) t+BuLi,86%  HO
2) PPTS, 100%

Figure 2. Allenolate intermediate 22 and X-ray structure of
a-alkylidene 3-keto-O-lactone 21, an isomer of FR182877.

18
Vanderwal, C. D.; Vosburg, D. A.; Sorensen, E. J. Org. Lett., 2001, 3, 4307.



Intramolecular Diels-Alder Strategy for AB Rings-Clarke

O)l\'='\ BHT

. | COEt
(o]
4} /2 oTes PhCHa, 110°C

9, 7%

OTBS  TBSO O\(\/C%Et
¢ ANF ©

14, 1%

+ unisolated diastereomer

13 combined yield 6%

- Diels-Alder proceeds with exo TS

- Competitive [3,3] sigmatropic rearrangement

Figure 4. 1 9

Clarke, P. A,; Davie, R. L.; Peace, S. Tetrahedron Lett. 2002, 43, 2753.



Intramolecular Diels-Alder Strategy for AB Rings-Nakada

Intramolecular
FRIZ2877 ——»
2 OR3 Diels-Alder
reaction

WOR!

R4Om Klshl-Nozakl
/ N
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"
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Me Me, OH
Me Me N
BHT tn INRN]
TBSOMK/\H\(\VCOOMG; _, TIPSO TIPSO COOMe
3 toluene, 80°C
TIPSO H OH ’
24 hr, 82% OTBS
Me
42%
Me
1) Dess-Martin reagent,
Me Me NaHCO3, 90% TIPSO
A x. _.COOMe BHT - 2) DIBAL-H, 70%
TBSO 2 5 -~
TIPSO HO H toluene, 80°C
24 hr, 82% Me

dr>10:1

20
Suzuki, T.; Nakada, M. Tetrahedron Lett. 2002, 43, 3263.



Strategy for DF Rings - Armstrong

. (o]
| OFEt 1. LDA N
o 2. O
R‘l Rz R3
3a R1=H 2
3b R1=CH3
Scheme 2.
O O
FR182877 R
Q Ot Oy
o (@] Me 0 Ph

81%

@)

0 1) LDA Q
o 2)PhCHO o o
0 - 0 Ph 0 “Ph
Me

Me

Me
82%; cis/trans = 55/45

21
Armstrong, A.; Glodberg, F. W.; Sandham, D. A. Tetrahedron Lett. 2001, 42, 4585.



Sorensen Group Synthesis

TMSCI, Im Me Pdy(dba)s(0.1 eq.), LiCI, DIPEA, Me \

96%

OMe  \MP, 40°C, 80min., 85%

™SO O

1) LDA, +-BuOAc, 81%  TESO,,,
2) TBAF (2 eq.), 86%

3) MeOCOCI, Py, 93%
4) TMSCI, Im, 95%

Me OT%S Me
Pd,dbas(0.1 eq.) _ TESO - OTMS
Me™ X THF, 40°C, 12hr, 80% ‘

= ~t-Bu
Me 1
O

1) KHMDS, PhSeBr, 91%

0 o 1) PPTS
4 hr, 40% 3) EDC, DMAP
62%

(+)-FR182877

22
Vosburg, D. A.; Vanderwal, C. D.; Sorensen, E. J. J. Am. Chem. Soc. 2002, 124, 4552.



Evans Group Synthesis

1) MeNHOMe/HCI, AlMe3, 96%

O o OH 2) TBSCI, Im, 96%
Me BBUOTH EtsN ]| Me 3) TSOH:n-Bu,NHSO, (1:4), MeOH, 89%
g88% O N |
l \—[ Me
OTBS “Bn OTBS
1) DMP, 94% o OTBS
2) CBry, PPhg, 74% _ MeO. v
) |
OH Me Me - Br
Br

1) MeNHOMe/HCI, AlMes, 97%
2) HCCMgBr, 77%

89%

o 0 0

BBU,OTf, EtsN 3) DIBALH, 98%, dr >20:1
O)KNJ\/Me " H/U\/\/OTBDPS /lk /LH/'\/\/OTBDPS .
A

Bn

OH OH

1) TBSCI, Im, 94%
2) cat. Cy,BH, catecholborane, TBSO OTBS

then 1N NaOH, 97% (crude)

OTBDPS OTBDPS

" (HO)B XN
Me

23
Evans, D. A.; Starr, J. T. Angew. Chem. Int. Ed. 2002, 41, 1787.



Evans Group Synthesis

o OTBS TBSO OTBS

P OTBDPS Pd(PPhg)s, TI,CO3
MeO_ Me
T (HORBT 84%

|
Me Me XN Br Me

Br

1) DIBALH
2) Ethyl diazoacetate, SnCl, (cat.), 70%
3) TBAF, AcOH, 92%

H
TBSO COOEt
1) I, PPhy
2) Cs,C03, 77%, dr = 1:1 TBSO ~Me
OTBS
SN
Br Me

24
Evans, D. A,; Starr, J. T. Angew. Chem. Int. Ed. 2002, 41, 1787.



Evans Group Synthesis

TBSO COOEt

Ph2S€203, SO3/Py
EtsN, THF, rt (2hr) then 50°C (6hr)

OTBS 63%

1) HF/ MeCN (5/95), 89%
2) trimethylboroxine, Cs,CO4
v [Pd(dppf)Cl,], DMF, 80°C, 71%

1) TMSOK
2) Mukaiyama's reagent,
NaHCO3, 62%

(-) - FR182877

Evans, D. A,; Starr, J. T. Angew. Chem. Int. Ed. 2002, 41, 1787.
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Evans Group Synthesis

TBSO
H «Me

Br

\ £ oTBS

GOOC, CDC|3 N CHO

Me Me

Me “OMe
OTBL oTB

dr1/1.7

26
Evans, D. A; Starr, J. T. Angew. Chem. Int. Ed. 2002, 41, 1787.



Conclusion

-TADA reaction:
Useful transformation to obtain polycyclic system in one step
Deslongchamps’ systematic study showed there are good correlation between
the triene geometry and the configuration of the DA product
Synthesis of macrocycles with defined double bond geometries is still a big challenge
Prediction using TS model is not easy when chiral substrate 1s used

TADA

135

-FR182877 synthesis: 137
The power of TADA reaction was highlighted in both total syntheses

Use of Pd coupling to assemble macrocyclic intermediate was successful
IMDA reaction showed inferior selectivity
Sorensen’s proposed biogenesis was supported

The same strategy may provide hexacyclinic acid ??

endo-3*




