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Scope:
-Syntheses of Taxol

-Studies towards synthesis of Taxol, emphasis on ABC ring and C-H
oxidations (if any)

-Syntheses of other taxanes, if not directly related to Taxol syntheses
-Brief summaries of biology, SAR relationships

Not Included:

-Side-chain syntheses

-A lot of the biology of Taxol

Structure of Taxol bound to tubilin Effects of Taxol on Cell Cycle
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History of Taxol (see Chem. Rev., 2011, 111, 7652)

-The Yew has been known to be poisonous since ancient times

-Native Americans used the Yew bark as a disinfectant and even as a treatment
for skin cancer

-Central Asians used the Himalayan Yew to treat headaches and snakebites

-1856: a white alkaloidal crystalline was isolated and thought to be the source of
toxicity

-1964: and extract from Yew bark was found to have activity against cancer

-1966: Taxol was isolated and named

-1971: Structure elucidated by NMR

Organizing Center

‘ - Nicolaou Taxol review:
TRENDS Pharm. Sci., 2003, 24, 361 ACIE 1994, 33, 15

Structure-Activity Relationships Curr. Med. Chem. 2009, 16, 3966

-1978: Mechanism Of action was reported -> huQe excitement N-Acyl group recquired but Reroval of the 10-acetate or Reduction of the C-9 carbonyl
-1980's and 90's many "studies towards" publications, more than 30 groups many diferent N-acyl groups Geacetouylation to form the 10. o to OF goup increases
. . may be used: some groups deacetoxy dertvative do not make major actnty shightly
working on total synthesis

-1984: Phase | clinical trials began

-1988: Potier showed Taxol can be made from 10-deacetylbaccatin Il (side-chain
addition)

-1989, 92: Holton licensed patents to BMS for his semisynthetic route,
allowing production from needles instead of bark

-1994: Holton and Nicolaou nearly simultaneously report total syntheses

-1995: Danishefsky total synthesis

-1997: Wender total synthesis

-1998: Kuwajima total synthesis

-1999: Mukaiyama total synthesis

-2006: Takahashi automated racemic formal synthesis

give improved activity changes in activity
Estenfication,
epimerization or removal
AcO dose not cause significant
Group may be changed . loss of actvity

to alkenyl or substituted 0

phenyl. Some groups
give improved activity - o Contraction of the C-ring to a 5-
T

membered ring reduces activity

Removal or modification of 9 > 3 /\
2"-OH group reduces activity < Opening of the oxetane ring gives

mactive products; substiution of §
for O reduces activity

A-ring contraction gives products
with reduced cyto-toxcity but
similar tubulin-polymenzation

Ring Names activity to paclitaxe] xmlg-;‘hilﬁzi“;"
H H other groups can increase
Side Chain A B c 145 -hydrozyl Acyloxy group essential, | | activity
group or 148 ,1- Hydroxyl group certain alkenyl and
T cathonate analogs ‘helpful but not substituted aromatic
retain activity essential groups give irmproved
actmvat
O Ph s
)J\ /‘\)J\ wra_activite ralatinnchineg af naclitaval
Ph N . o Ph o Me Ac_:cordlng to the SAR studies,
H (:)H iy this could be the most
Chinese Ph N/'\_/LLO.. minimally oxidized taxane that
Yew H oH would have similar bioactivity
(Wikipedia) to Taxol

Taxol




. . = T |
Nathan Wilde Studies Towards Taxol Synthesis Janu:r’fzm

B(OMe);, A — o ZnCl,
— + C7 epimer \ + -
70% P / W 63%

Winkler 1995 Tet Lett., 36, 687

Jenkins 1984 J. Chem. Soc. Perkin Trans. 1, 1303
w/ 16, 17, 18 Methyls: same journal, 1989, 413

o 0]
Me Me
=
Me A
Me X —_— >
35-40%
H H H

MOMO OMOM
Fallis 1993 Tet. Lett., 34, 3367

OTBS

Yadav 1993 Pure & Appl. Chem., 65, 1349
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Swindell 1990 JOC, 55, 3 11 steps

There is an
unpublished thesis
from the Kishi group
entitled "Total
Synthesis of Taxol"
from 2000 by Jongwan
Lim. Is this a lost
artifact of the Taxol
age?

KOH, MeOH
—_—

~81%

NiCl,/CrCl,
—

60%

HO
OMe

2 H
OMe
Kishi 1993 Tet. Lett., 34, 5999

Winkler 1992 Tet., 34, 7049

January 2012
0 E
Me, \ Bu,SnH :
AIBN I
Me — +C1epimer
M % 1
&N | 25% |
0 E
Pattenden 1992 Tet. Lett., 33, 4843 |
Me |
0 :
Me KOtBu !
2 E— !
Me R 85-90% ;
% |
Et OH E
o |
% Me .
(o) :
Me DBU, LiCl, Ac,0 '
: —_— 1

Me" —7f 70% i
b |
Et OH i
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Holton (1988) and Kuwajima (racemic 1996, enantioselective 1999)
both synthesized taxusin as well, but their syntheses are
strategically identical to their Taxol syntheses, so they are not

included.

Paquette's taxusin (1998) (see also Rodrigo's Paquette GM)
JACS 1998, 120, 5203

OH KHMDS; Mel
X

10TBS

Et,AlCI
—_—
HO =
MsO 0
Diol trans-olefin
Reduction  dihydroxylation
Many Steps
Rubottom
;e’, OAc
Wittig

(+)-taxusin

Kende's taxane triene (1986)

OTBS

JACS 1986, 108, 3515

‘Me

OTMS

Cr03,
dimethylpyrazole fo)
—_—

44%

"[this triene] is not only the first synthetic compound containing the
stereochemically correct taxane structure but offers attractive
potential for taxusin." Kende offers no further work other than to
mention mCPBA will epoxidize the C4-20 olefin first.

Williams' taxadiene (1995)

JOC 1995, 60, 7215

Carbonyl Carbonyl addition/
addition \ B-OH-Se olefination
— Me Me
— BF;-OEt,
—_—

Carbonyl—
addition

Barton Carbonyl addition/
deox. dehydration

taxadiene
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Note: Everything by Holton was actually done as the opposite enantiomer shown because the commercially available enantiomer of
"patchino" was incorrect for taxanes. | show the opposite enantiomer of everything on this page simply because it is easier to read that way.

” ie" i i t AB i
(see The Way of Synthesis ) ( nngsexzm:l:n 0 rmg) 7. HN(iPr),, MeMgBr;
" . . 1. tBuLi - ACO3H, TESO 4-pentenal; CI,CO;
X patchino 2. TBHP, Ti(OiPr), then Ti(OiPr), Me < EtOH (75%)
16 steps (93% 2 steps) (93%) >
> P : - > Me LDA, camphor-
Camphor —— { 3. BF53-OEt,, TfOH OTES 6-TBSCI(100%) TBSO!: sulfonyl oxaziridine | | C2 [O]

o (93%, 73% conv.) OH o (85%)
4. TESCI (100%) 9. Red-Al, then CI,CO

‘ The incorrect enantiomer is (97%)

commercially available

all to set C3

oxidation and C1[O]

16. LTMP, camphor-
sulfonyl oxaziridine

— stereochem.
TESO e TESO I
Me = 10. Swern (95% Me = 12. Sml, Me

Me =

Me > 11. LTMP (90%)

13. Si0, (88%)
e — _— >
TBSO! 14. KOtBu, AcOH quench 1599'" 17. Red-Al (88%)
Chan (rgcycles back to enol) 18. phosgene (100%)
7 Rearrangement 15. SiO, (91% 4 steps)
OH
C5 [0], Rubottom
— TESO
- OMOP .
e TESQ I 19, 04, [O] workup; Me 3 M 22. PhSK, acid (92%) Me
' Me = H,CN, (93%) 23. BOMCI (92%)
~ . 24.LDA, TMSCI| TBSO! -
TBSO! - o [ 20. LDA (93%, 90% conv.) | —»

CO,Me | 25. nCPBA
(86%, 86% conv.)
26. MeMgBr (95%)

21. pTsOH, OMe (100%)

%6 ° (Emecn)
o

H

37. LiIHMDS, beta-lactam

; AcO (o)
27. Burgess, acid workup (63%) 32. PhLi 10 me . OBOM 38. HF-pyr.

28. MsCI (100%) 33. &Z@P,ZNLVIO ) 39.9220,/?&
29. 0s0O, (80%, 91% conv.) o 2 steps (93% 3 steps)
- | 34. KOtBu, (PhSe0),0|HO .
30. DBU (80-85%) 5 KO Ao TESO, Ph o
31. Ac,0; then HF-pyr. - » AC2 « s (o) N
(70-75%) (100% 2 steps) HOBZO AcO o Bz Ph)J\H

}ro 36. TASF (94%) betatact
eta-lactam

oxetane formation




Nature 1994, 367, 630 . - Taxol
Nathan Wilde JACS 1995, 117, 624-659 N |CO|aOU TOtal SyntheSIS January 2012
[ Diels/Alder ] Interesting
bidentate LA directs regiochem. diene formation
1. TsOH, DHP 5 0 OH 1'. acetone, )
OH 2. O3 then PhyP Me CO.Et oOF Me 9. TPSCI (92%) 'an|2, Ac,0 (38%)
(98%, two steps) 2 OH HO 10. BnBr, KH (88%)  TPSO Me CO,Et 2-MeMgBr
> ’ PhB(OH), 11. LiAlH, (80%) 3'. TsOH (70%,
|| 3 Me_ _CO,Et (27.8%, 58%brsm) - > 4 two steps)
Y (00%) 4 6. TBSOTF (92%) ‘OTBS  12. Me,C(OMe), (82%) '
PPh, - TE (92%) 0 13. TPAP, NMO (97%) 4'. DIBAL (92%)
OH 4 TsOH (92%) 7. LiAIH, (97%) (0 5'. Ac,0, Et;N,
8. CSA (94%) "Aldehyde" DMAP (96%)
Me OAc 6". Me oTBS Me OTPSopgp 15. VO(acac), (cat.), TBHP, | p1 OBn
=( (80%) Ve 14. BuLi, then e 4A MS (87%)
\ CN "Aldehyde" 16. LiAIH, (76%)
Me Me o
M 7'. KOH (63.0%, (82%) 17. KH, COCl,
€ 90% brsm) N-NHSO,Ar - 10 M (49.9%, 86% brsm) . 10 M
“Known Diene" g, TBSCI (85%) OH NS¢ 18.TBAF (80%) o S
9'. ArSO,NHNH, (88%) O Me 19. TPAP, NMO (92%) >‘( o Me
(0]
( McMurry coupling ) Switch around PG's
for oxetane closure

20. TiCl3(DME), 5
Zn-Cu (25%)
["21-23. Resolution |
(39% 3 steps)

27. HCI, MeOH
(70.4%, 80% brsm)
28. Ac,0, DMAP (95%)

>

29. H,, Pd(OH),/C (97%)
30. TESCI (85%)

24. Ac,0, DMAP (95%)
25. TPAP, NMO (93%)

26. BH3, then H202
(34.9%, 42% brsm)

C13 [0]
36. PCC (75%)

37. NaBH,, (82.7%, 94% brsm)

38. NaHMDS, TESO, Ph

HBZ

o
(76.5%, 86% brsm)
39. HFepyr (80%)

32. K,CO3, MeOH
33. BuyNOACc (72%, 2 steps)
34. Ac,0, DMAP (94%)
35. PhLi (80%)




Nathan Wilde

JACS 1996, 118, 2843

Danishefsky Total Synthesis

Taxol
January 2012

Me o]
M
&Me
o

1" NH,NH,, 3.1, DBN Me
Et;N (72%) (89%)
Me ——
2.1, DBN 4'. TMSCN,
(52%) cat. KCN
(89%)
"Barton Reaction”
oxetane
OTBS 11. OsO, (66%) formation
12. TMSCI
13.TF,0 MeS B8
14. HOCH,CH,OH, A
(69% 3 steps)

o

15. BnBr, NaH (98%)
16. TSOH (84%)

(¢}

OMe
OTBS
Me

31. KHMDS, PhNTf, (98%)
32. PPTS (96%)
33. PhyP=CH, (77%)

[34. Pd(PPhy), (49%)|

intramolecular
Heck reaction

46. PCC (75%)

47. NaBH, (82.7%, 94% brsm)

Ph

S

48. NaHMDSTESO,

(0]
(76.5%, 86% brsm)
49. HF epyr (80%)

catalytlc
asymmetry

OTMS

17
18

. TMSOTf, Et;N
. DMDO, CSA (89% 2 steps)
19.

Pb(OAc), (97%)

20.

MeOH, CPTS (97%)

Py

21.
22.
23.
24.

LAH (100%)

0-NO,C¢H,SeCN, PBuj; (88%)

30% H,0, (90%)
0, then PPh; (79%)

e

1. NaBH, (97%)

2. Ac,0 (99%)

3. HOCH,CH,OH,
NaphSO,H (70%)

4. NaOMe (98%)
5. TBSOTf (97%)

o

Co

Rubottom [O] then
oxidative cleavage

oTBS

MeO

C11-12 olefin
protection

38. Hy, PdIC (8

35. TBAF (92%)
36. TESOTf (92%

37. mCPBA (45%)

2%)

40. PhLi (93%)

TAXOL

39. Ac,0, DMAP (66%)

6. BH3-THF; H202, NaOH

MeSTBS 7 pDC
8. NaOMe (62% 3 steps)
9. Me,S*I", KHMDS (99%)
10. AI(OiPr); (99%)
A-C ring coupling
25. tBuLi (93%)
CN 1 (25-TBAF (80%)
27.mCPBA (80%) | (c1To
Me | 28.H,, Pd/C (65%)
Me 9. co(im), NaH (81%)
I 30. L-Selectride (93%)
41.0s0, C10[0]

42. Pb(OAc), (61% 2 steps)
43. Sml,, Ac,0 (92%)

44, KOtBu, (PhSe0),0,
then KOtBu again (81%)
45. Ac,0, DMAP (76%)

C11-12 olefin
deprotection




JACS 1997, 119, 2757

Wender Total Synthesis

Taxol

Nathan Wilde January 2012
[tandem 1,4-additi0n] C2[0]
then aldol -
Me 1. KOt Bu 4. LDA, 7. KHM.D-S,. Davis'
s 12 " Br / HC=C-CO,Et o oxaziridine
0, 0,
Me  (32:4% 79% brsm) then TMSCI (55.3%, 97% brsm) 10. m-CPBA
e
b (89% 8. LiAIH, (74%) M
20 Me ©- LI 4 () e
Me - 2. 0, (85%) i
= 9. TBSCI, then
1R-(+)-verb 3. hv, MeOH 3. Mezc““ (97%) HO COEt ™\ c_cMejoMe
-(+)-verbenone (85%) 6. (Ph3P),RuCl,, 2 .

NMO (97%)

Me

rmg
expanswn

11. DABCO (cat.)
then TIPSOTf
(85%, 2 steps)

D —

12. KO'Bu, O,, P(OEt);, 11PS-O'"
then NH,CI, MeOH, 2
then NaBH, (91% =
o OH
1somerize
‘ C9 and 10 oxidation]

23. KNEQ

H
CH,ClI,, RT (50.4%,
80% brsm)

TIPS-Or -

24. O3, then
P(OEt); (86%)

25. Excess DMAP,
then TrocCl (62%)

30. Triphosgene (92%)
31. KCN, EtOH (67.6%,
76% brsm)

32. Hiinig's base,
PhMe, reflux (78.9%,
95% brsm)
33. Ac,0, DMAP (89%)
34. TASF, then PhLi

10-deacetylbaccatin Il (33%)

PPTS (91%)

13. H,, Crabtree's cat.,
then TMSCI, then
triphosgene (98%)

>

14. PCC (100%) TIPS-O1

15. PhsP=CHOMe (91%)
16. 1N HCI, Nal (84.6%,
94% brsm)

17. TESCI (92%)

homologation

97% brsm)

26. Nal, HCI (65.0%,

27. MsCl, DMAP (83%)

28. LiBr (74.3%,

OoBOM 79% brsm)

35. Protection (???%)
36. Base, beta-lactam (???%)
37. bis-Deprotection (???%)

baccatin 11l (46%)

29. 0s0Oy, then imid.
(71.4%, 76% brsm)

methylenation
18. DMP, then excess Et;N,
Eschenmoser's salt (97%)
19. H,C=CHCH,MgBr,
ZnCl, (89%)

o 20. BOMCI, Hiinig's base
21. NH4F, MeOH
(93%, two steps)
22. PhLi, then Ac,0,
DMAP (79%)

AcQ 0 OTroc
Me

Taxol




JACS 1998, 120, 12980
JACS 2000, 122, 3811

Nathan Wilde

Kuwajima Total Synthesis

Taxol
January 2012

(catalytic asymmetry)

ot OPi OPiv
v 11. (MeNHCH,)
. (o} >:< 2)2
P 1. BuLi, C,HsCHO g- KOtBoEIE . g- ZL';?n?nT:;“?CBU (71%) KOMe, TIPSCI (62% 2 steps)
2. H,, Lindlar . u, then Piv . h . 0
THPO\// 3 S\l;vern o] | s dihydroxylation (98%) then SiO, column _
—_— > 6. p-TsOH O HO
OTHP S 12. (MeNHCH,)
(52% 6 steps) O 10. 'E':'GN;'%Hz)zI OHC PhSCH(Li?TZMS (64%)
7.8 0] (92% en SiO, column h
[diastereoselective because] wern [O] (92%) (98%) 2 then SiO, column
of Mg alkoxide
OTIPS 13. tBuMgCl, then PhS PhS an 17. DIBAL M (o]
tBuLi 14. (MeBO); (90%) Me > : e
CH(OBn), 2o = 18. TBSOTf
CH(OBn), _ 4 (82% 2 steps)
Br ] > 0 »> TBSO!
HO= SPh TIPSO 16. pinacol, DMAP
K X (73%) (76% 2 steps) 19. BuSnH, AIBN
OHC = — (100%) HO -
HO = HO H (—‘) 20. H,, Pd/C (91%) TBSO
reduction HO 21. Swern [0] (100%)
to diene fo) ( open cyclopropane OH
22. KINH, tBu(iPr),COH OH 27. PhCH(OMe),, CSA 33. PhCH(OMe), (86%) > OH
3 2 IMoH 2 2 Me M
(45%, 40% alcohol --> Me > (79%) 34. K,CO2, MeOH (100%) e
recycled with Swern) [ 28. Et,Zn, CICH,l (66%)] Me 35. Sml, (100%)
23. TBAF (98%) N 29. Dess-Martin (77%) > HO!
TBSO 6 ‘ > 36. TBAF
24. BuLi, tBu,SiHCI 30. H,, Pd(OH), (84%) TBSO'" 37. NaOMe, MeOH
25. Luche [H] (79%) o : 31. triphosgene 38. NaOMe, MeOH
26. O,, hu, Rose Bengal -0 32. TBAF, AcOH (65% 3 steps)
then thiourea (50%) By ) (95% 2 steps) P
singlet O, [4+2] triflation/
then O-O reductio coupling o) a-[0] (C10)
39. PhB(OH) o] 44. KHMDS, PhNTf, OMOP Me
40. TBSOTf - OMOP| " (590 Me, M [48. LDA, MoOPH (80%)]
41. H,0,, NaHCO, 45. TMSCH,MgCl, 49. Ac,0, DMAP (92%)
(72% 3 steps) Pd(PPhj3), (91%) TBSO" > TBSO!

42. Dess-Martin (92%)
43. PPTS, OMe (97%)

close oxetane

Me

52. DBU (86%)

53. PPTS
54. TESCI (97%)

-

TBSO! -
55. Hy, Pd(OH), (97%)

56. triphosgene (94%)

57. Ac,0, DMAP (66%)

[ 46. NCS, MeOH (88%)|
47. PPTS, OMe (97%)

allylic CI for
allylic TMS

58. PhLi (83%)
59. HF-pyr (88%)
60. TrocCl (94%)

61. TASF (80%)

62. LHMDS, beta-lactam
(77%, 90% conv.)

63. Zn, AcOH (84%)

50. DBN (86%) (epim. C1)

“Cl 51, 050, (86%)

OR /OR

Me—Cu




Chem. Eur. J. 1999, 5, 121

Taxol

Nathan Wilde Mukaiyama Total Synthesis January 2012
See also Yoshi's Mukaiyama GM
1. Swern [O] (89%) o BnO~ X OMe
% 5. Me ) OBn n
Me Me 2. HC(OMe)30(93/ ) Me Me BnO XYy , Sn(OTH), Me Me OBn 6. PMB Prot.o(gsA,) Me/” Me | as
HO 3. LiAIH, (90%) MeO OTBS 2 . 7. LiAIH, (86%) OHC .
CO,Me 4 Swern [O] (85%) HO /} T COMe g 1psci(93%) H MgBr,
OMe &N , Bu,Sn(OAc), OMe OH 9. AcOH (87%) PMBOTBSO  (62.5%, 71% brsm,
N (68%, 4:1 dr) 14.1% (16% brsm) of
Me ( catalytic asymmetry) 0 alcohol epimer)
16. LHMDS, TMSCI
B0 Mo e OBn 1y ESCT BIO M Me OBn 1 nen BrENO Mo, Me OBN  [27 Smi;10%)] | Refommaisy
MeO A~ OTBS 13.Swern[0] (94%) Me . ~_ OTBS 18.LHMDS, Mel _ N~ 22.Ac,0 (87%) | Yelooctane
Z 14. MeMgBr (99%) H 19. 1N HCI (83%) : 23. DBU (91%)
O OH OPMB 15. Swern [O] (97%) O OTBSOPMB 20. Swern [O] (95%) OTBSOPMBO —
(st Fint carvons), Pt
S e
oy [ aldol C ring [ 32. H,C=CH(CH,),Li | ~~Me clization
TESO 25.0.5 N HCI (97%) Me>(Me 33. TBAF (96%) BnO O” "0 s
BnO O R BnO O OTES 26. TPAP-NMO (92% . 34. cHxMeSiCl o Mey 38, TiCl,, LiAlH,
r 27. NaOMe (98%, 23:2 dr) e 2 43-71%
TBSO Me TBSO | d lTBS (99%) ( )
28. AlH; (94%) = Mer : jiggk
—_ . - AlH; (94% i (96% - 40. TBAF (100%
Me: tBuLi, CuCN M:n' 29. Me,C(OMe), :2 r:k::(iﬁvf(; P N (100%)
Ir:nsé B  (O2RS%brm LS e 30.DDQ, H,0 (37%) 37. PdC DMFHOO{ S
n . 2; =2 |
31. PDC (90%, 94% brsm) (98%) S SiMe,cHx
desulfurization
then lose CO, AcO fo) AcO 0] OTES
41. (C1,C0),CO HOHO 46. (Imid),C=S Me OTES 51, CuBr Me
42. Ac,0 (84%) Mei: 47. P(OEt); (53%)  PhCO.Bu
43. 3N HCI 48. PCC (78%) _ OSET- 8 TESO!

44. TESCI (83%)
45. TPAP-NMO
(76%)

50. TESOTf (98%)

53. 0s0, (92%,
96% brsm)
—_—
54. DBU (42%,
81% brsm)
55. Ac,0 (91%)

TESO! 56. PhLi (94%)

57. HF-py (96%)

baccatin Il

49. K-Selectride (87%)

52. CuBr (58%)

allylic bromination

58. TESCI
(87%, 92% brsm)
59.

PMP

[(2-Py)O,CS,

DMAP (88%, 95% brsm)
60. TFA (94%)




Taxol

Nathan Wilde Chem. Asian. J. 2006, 1,370  Takahashi Total Synthesis January 2012
1'. Se0,, TBHP, salicylic acid 5", [Cp,TiCly] (10 mol%) (radica eyctizaion)
- Se0,, , salicylic aci . [Cp,TiCl, mol%), of olefins AcO
2'. NaBH,, MeOH (48% 2 steps) MPMO o Mn, Et,B (61%) MPMO  OBOM HO 1. Ac,0 ¢
% 3". VO(acac),, TBHP 6. BOMCI 2. NBS, H,0 2\
4'. MPM trichloroacetimidate 7'. NaOH, MeOH (72% 2 steps) 3. Et3N (90% 3 steps) N

(92% 2 steps)

OAc

5. Ethyl vinyl ether, CSA
6. NaOH, MeOH

7. Swern
8. DBU

9. NaBH,, MeOH
10. TBSCI
11. Swern

12. H,NNHTs (10% 8 steps)

OEEOTs
Me

o-f unsaturation

OBOM
M

OAc

8'. automated purification (82%)

9'. TPAP, NMO (85%)

[ made vinyl bromide because excess BuLi for]

Shapiro deprotonated aldehyde

TBSO

NNHT

13. tBulLi,
1,2-dibromoethane

-

14. tBuli, CeCl;,
aldehyde
(78%,

HO: a:f =12:1)

| 28. LIHMDS (49%)]

29. CSA

30. NaOH (82% 2 steps)

[ 31. SeO,, TBHP (92%) |

32. 0sO,4, NMO, NaBH,
(64%, 19% rsm)
33. AcCl, DMAP (79%)

TBSO

34. MsCl, DMAP (84%)

35. Hy, Pd/C

36. triphosgene (75% 2 steps)
37. TESCI

"aldehyde"

15. VO(acac),, TBHP (75%)
16. LAH

17. TBSCI (64%, 15% rsm)
18. aq. KOH, BnBr,
Bu,NHSO, (82%)

19. Me,SiHCI
20. DDQ (60%)

Py

38
39
40

. K,CO3, MeOH (80% 2 steps)
. DIPEA, A (77%, 20% rsm)
. Ac,0, DMAP (66%)

4. [Cp,TiCl,] (10 mol%),
Mn, Et;B (72%)

- — OH
radical cyclization

21. TsCl, DMAP

22. TBAF (53%)

23. TMSOTf

24. TBAF (66%, 12% rsm)

25. TPAP, NMO (100%)
26. TMSCN (93%)
27. ethyl vinyl ether, CSA (93%)

41. PhLi (70%)

[ 42. KOtBu, (PhSe0),0 |
43. KOtBu (90% 2 steps)
44. Ac,0, DMAP (50%)

€9 [0]

45. PCC, celite
46. NaBH, (80% 2 steps)
47. HF-pyr. (80%)

My step count may be quite
misleading because I found it
difficult to figure out which steps
were ""one-pot" procedures.

HO!

(x)-baccatin Il
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Nathan Wilde Comparlsons January 2012
) Approx. — Skeletal Disconnections
Synthesis Steps Overall Yield Highlights Me Me ' "Taxol Time"
First synthesis 1'71 i Spng”from Shuker/Natchus (Wender students), based on "Tulsa
Holton 33 (+16) 4 3% -Ring-expansicn to form AB rings 6 | /j ! Time" by Danny Flowers
[1934) ’ -Incorrect enantiomer ﬁﬁ ?11. : . . . e .
Linear \V ! Back in rainy Nottingham, S|tt_|ng in a traffic jam
| was just about to lose my mind
-Convergent Me g Me i | was about to try the flora up in northern California
-Short ):QM i Asthe people there are living so fine
Micolaou 19 0.041% -DA rens to set A & C rings e i Well Gerry think I'm crazy, my recollection hazy,
(1954] ' -Low-yielding McMurry coupling to "’WL""Z Mg s~ But I'm gonna' get it right this time
close B ring H ; H ' Because the weather was appalling and the molecule was calling,
-Late-stage resolution ' It was time to live on nickels and dimes
-Convergent X
-Catalytic asymmetry Me Y Me ' And I'd be living on taxol time, living on taxol time;
] “Wisland-Misscher ketone to set Me ' I'' set my watch back to it; and you know that I've been through it
Dal['lllsé‘l';;:lsw a3 0.63% up B & C rings {:\><Me | i hlvmg. on taxol time - ‘ .
_held oxetane for a majority of the ; A : ere in sunny Stanford, feelmg. that we're doing good
synthesis H . lwas talklng.on the telep_hone line . .
. . The synthesis was breezing but the B-ring wasn't pleasing
-Heck run to close B ring , . X . X
. Paul said we're all doing fine
Wender -Shortest ' Well our red eyes were weeping; and none of us were sleeping
(1997) 37 0.63% 'L'."'“r . . i We had to make progress in time
-Ring expansicn to form AB rings . Yes it was complicated, we all were dedicated
-Long . To living on taxol time
-Limear :
. ~Catalytic asymmetry | Living on taxol time, living on taxol time
Kuwajima ~50 0.014% -Efficient B ring closure with I set my watch back to it; and you know we've been through it
(1932) vinylogous zldo E Living on taxol time
-Cyclopropanation to introduce C19 X
methyl ! A recollection also from Shuker/Natchus:
Lowe ' "Upon reflection, it is not necessarily the science, the egos, or the
' endless cups of coffee that spring to mind when thinking about
. -Conwvergent ! . .
fMukaiyama - ; ' our efforts but a sense of pride, accomplishment, and shared
&0 0.17% -Catalytic asymmetry ' . M
(1993) ) ' experience that affected us all.
-B ring first, then C, then A '
-Pinacol coupling to close A ring i Found in "The Way of Synthesis"
-Automated: completed by one !
FhD student X
-Racemic, but could easily be X
Takahashi enantioselective :
(2006) a8 0-oa7o -Alkylation closure of B ring E
-Convergent !
-Radical cyclizations for both A & C '
rings '




