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Natural Product Containing Cyclopropanes

" EKNH
WW/YN N’go
N Eed
S/%/ 2 HO OH
HV “H Curacin A (1)
Figure 1. Curacin A, an antimitotic metabolite of the blue- 0
green alga L. majuscula.

2-Anti-Fungal Agent FR-900848
3-Cholesteryl Ester Transfer Protein Inhibitor
U-1006305

Antiboitic Compound Indolizomcyin
Anticancer Compound Callipeltoside
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General Types of Cyclopropanation

: . i "MCHoX" : i
: . i RCHN,
catalyst : ? i

R

1. Cp2ZHCI, CH2Cl2 OH

2. MeZZn /\M
— ~ /
=—C4aHo 3T BrCH,,cHO  Ph 4Ho

(84%) 9
OH OH
Etzzn, CH2|2 /\/'\D\C :
Ph aHg * Ph/\/\D\C4H9
CH,Cl, ,
o = 86 syn-10 anti-10
(90%, dr=86:14) (major) (minor)
O O
EﬁNBoc CHaN, Pd(OAc), <fNBoc
/ ether / 92
91 ’\OTBDMS dr: 90:10, 100% ’\OTBDMS
0] 0]
| (0] CHsN,, PA(OAC)» o (0]
ether 94
93 . QA- o
NHBoc dr: 86:14, 46% NHBoc

* LiBr/Et3N :
o] COOEt
(o]
Br\/\/lLON — | | | 7(V)\

RCH-LG
(1) >=< \_ 3)
EWG EWG “~>)—LG EWG
Ne
R
RCH R
T R L
EWG LG EWG “— \I:G EWG R

6
G @U\ nPr.  .COPh
M CO,H v'

Me O z

| CHCl, 23°C CHO
Me"s Ph
+

- 78% conversion 94% ee, 271 dr

n NCPh,

H o
2 AN
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Shi Cyclopropanation

Stoichiometric Ligand

ZnEt2, CH2|2

COgMe
BocNH \)l\

R ‘\/> R
R2)1\\/ R3 R2)</ Ra

CH,Cly
entry substrate yield (%)* ee (%)
1 71 72"

X _Ph
20 P Y 83 758

2] o 43 89¢

OMe
4 71 758
@
5¢ ® 78 90
_ n-Pr

6 h 84 787 (98"
7 83 90 (99"
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Catalytic Ligand

Ph

Ph
N-Boc-L-Val-L-Pro-OMe (1) CHalp EMA eZn(CHal)z

(0.25eq.) (0.25 eq.) (1.0eq.) (1.0eq.) @iﬂ
ZnEty B ————
(0.25eq) n1h 0°C,05h -78°C 0°C, 48h
96% conv., 89% ee
Entry Substrate Yield® (%) ee® (%)
Ph
1 87 89
5 CHs 60 %9
Ph
3 85 77
OBz
OTMS
96 87

¢

“The cyclopropanation was carried out with olefin (1.0 equiv), ZnEt,
(1.25 equiv), CH»lI, (2.25equiv), ethyl methoxyacetate (1.0 equiv),
dipeptide 1 (0.25 equiv), and Znl, (0.25 equiv) in CH,Cl, at 0 °C for
48 h except for entry 5, where the reaction was carried out at —40 °C

for 72 h.

Shi, Y,; Long, J.; Yuan, Y., J. Am. Chem. Soc. 2003, 13632
Shj‘, Y.; Long, J.; Du, H.; Li, K., Tetrahedron Lefters 2005, 2736/6/2005



Stoichiometric Chiral Ligands

EtoZn (6 equiv)
R1 CH2|2 (3 equiv)

" J\/\OH CHJCl,

[ l CONEt,

OH .

1 equiv
H( quiv)
81

994
CONEt,

Entry Substrate Yield (%) % ee
N
T pMeOCeH;s " OH ’8 94
/\/\
3 P "0 65 89
4 T 64 88
(OGN OH
5 TBDPSO -~ qy 59 87
6 ro—" o 34 65

Bryan Wakefield @ Wipf Group

1. ZnEt, (1.1 equiv)
2. (+)-Diethyltartrate
HO\/\/Ph (1.1 equiv) HO\/i\/Ph
3. ZnEt, (2.0 equiv) ™
4. CHyly (4.0 equiv) 54%, 79% ee

1. ZnEt; (1.1 equiv)
2. (+)-Diethyltartrate

HO SiR'3 (1.1 equiv) Ho\/;\{sm'3
X R
\/\R{ 3. ZnEt, (2.0 equiv) R
4. CHal, (4.0 equiv) 78-88%
34 -92% ee

Katsuki, T.; Kitajima, H.; Aoki, Y.; Ito, K.; Chem. Lett. 1995,1113
Ukaiji, Y.; Nishimura, M.; Fujisawa, T., Chem. Lett. 1992, 2651
Ukaiji, Y.; Sada, K.; Inomata, K., Chem. Lett. 1993, 1227
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Catalytic Chiral Ligands

ZnEtg, CH2|2

RH/\/OH RHQ\/OH

h2 O,NHSOZR 12
"NHSO,R

(0.12 eq)
82R= p-NOgC6H4-
83 R =CHj
ee (%); yield (%)
entry R! R? catalyst 82 catalyst 83
1 Ph H 76; 82 89; 924
2 H Ph 75; 71 81; 81 |
3  PhCH,CH, H 82; 100 89; 88 |
4 BnOCH, H 36; 70 Zn g1
5  TrOCH; H 80; 86 . f
6 H BnOCH; 13; 36 YO/\ NR G, ¥
7 H TrOCH, 65; 77 H/T V4 /\
8 BusSn H 86; 94 _-S—_\/ _-Zn Zn |
9 MePhSi H 81; 83 Me™ N/ ./
10 H BusSn 66; 75 o '
11 H Me,PhSi 59; 67
12 H PhCH,CH,  72;93 72: 93

2 In situ generation of Znl,.

Kobayashi, S.; Imai, N.; Ohno, M.; Shibasaki, M., Tetrahedron 1995, 12013
Lebel, H.; Marcoux, J. F.; Molinaro, C.; Charette, A. B., Chem. Rev. 2003, 977
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Tandem Cyclopropanation Reactions

G . R®  OZnR!
R2 i) 2 ZnR1,, ii) 2 CFaCH,0ZnCH,l ~ R®, OH (B) H
H . ; i) HBEt iii) R'CHO H o OH
| RYS R R4 R? 4/\/ZnEt
piNpe CMB, e i) H0 . I — R » "
4 mol% R e ”)Z”'alevB iv) 5 EtZnCHjl !
) V) Ho0
entry ZnR, cyclopropyl alcohol ee (%) dr@ yield (%) entry cyclopropyl alcohol R* ee(%) dr? yield (%)
OH
1 NR . Ph 99 >20:11 75
1 99 >20:1 90 2 ?suu g; :ggil "
2 (CH2 4iPre 97  >20:1 66 3 178
3 -(CH2 SOTBDPSC 98 >20:1 75
4 o Ph 99 >2011 78
5 nBu 93 >20:1 84
4 Me° Jd/L 99 >20:1 76 :
5 Et 95 201 78 575 R*  tBu ) gi >§g.1 ;g
; 9% >20:1 64 (CH,)4ClI >20:
6 -(CHy)4iPre 8 CH,CH,OTr 93 >20:1 73
7 Me° OH 95  »2011 85 ) A
96 20:1 90
8 Et Ph/q/'\R - entry ZnR', cyclopropyl alcohol ee (%) dr@ vyield (%)
9 Et 89  >20:1 87
/4/'\/ 1 Et 99  >20:1 68
2 (CHy)sOTBDPS R 98 52011 70
10 Et 98  >20:1 80

TBDPSO OH
—w\/ 3 Me 99  >20:1 78
4 Etb 95  >20:1 62
96  >20:1 60

BnO OH 5 -(CH,).iP )4/'\
11 Et —Id/k/ 91 >20:1 91 (CHo)iPr
6 Et 89 >20:1 70
@ Determined by crude 'H NMR analysis. ? Stereochemistry assigned by X-ray /q/k/

analysis. See the Supporting Information. ¢ With 5 equiv of ZnEt,, 5 equiv of
CF;CH,O0H, and 5 equiv of CHl,.

96 >20:1 56
o
N \)

(=)-MIB (1)

TBDPSO’_M/'\/ 98  >20:1 74

Walsh, P. J.; Kim, H. Y.; Lurain, A. E.; Garcia-Garcia, P.; Carroll, P. J., J. Am. Chem. Soc. ASAP, 9-2-05
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Tandem Cyclopropanation Reactions con’d

C4Hg- Ph

NHP(O)Ph,
CH2C|2, T~L 58%

1. CpoZrHCI 3
2. Me,Zn

CiHo—=

1 3. PhCH=NP(O)Ph, (2) THF, 40 °C; 65%

C4Hg-~__Ph
4  NHP(O)Ph,

entry alkyne imine amino cyclopropane yield*
1 CyH—== NP(Q)Pha CaHg Ph 74%
1 Ph” NH 2 3 NHP(O)Ph,
2 C,oHg—==—C,Hs 2 CoHs 46%
8 CoHs Ph
o NHP(©O)Ph,
3 BDPSO(CHop——=— 2 BDPSO(CH, ), Ph 68%
L 11 NHPO)Ph,
4 TIPSO,C(CHy )3—= 2 TIPSO2C(CH2)3 _Ph 73%
12 13 NHP(O)Ph,
5 EtO2CN(Ts)(CHz ) ——= 2 EtO2CN(Ts)(CHz)2 . Ph 45%
14 15 NHP(O)Ph,
6 1 NP(O)Ph, COxMe 69%
(p-MeO,C)Ph™" “H 16 C,Hy
17 IE\IHP(O)PhQ
7 10 16 OBDPS COzMe 849%
18 lil HP(O)Ph,
3 1 NP(O)Phs Cl 65%

Bryan Wakefield @ Wipf Group

(p-Cl)Ph H 19

NP(O)Ph,
(MMeOPh~” “H o9

NP(O)Phz

= H =
Ph

WipfgP.; Kendall, C.; Stephenson, C. J. Am. Chem. Soc. 2001, §&22005

CyHg

4

20 NHP(O)Ph,

CaHg

e

OMe
22 NHP(O)Ph,

P Ph
C4H9\4\/

24 NHP(O)Ph,

51%
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Previous Charette Group Work

Me;NOG,  CONMe,
1. 0. _,O (1.1equiv) 1
1 N7 R
R 1 B CcH,cl, 0°C
RZ/K(\OH Bu RZVOH Q)
Lo 2. Zn(CH,l), 0 °C Ls
3.0°Ctont |
Yields: 280%
91-94% ee
yield,”
entry R R> R3 proc* % (cpd) ee, %
A >98(5) 93¢
I H Ph H B 95 (5) 94
2 H 3-MeOPh H B >98(6) 93¢
3 H Pr H A 80(T) 93¢
4 H PhCH.CH, H B 90 (8) 94
5 H BnOCH, H B 87 (9) 94
A 82(10) ca. 90¢
6 H BusSn  H B 88 (10) ca. 90¢
7 H I H C 83 (11) 90"
8 Bus3Sn H H B 73 (12) ca. 90¢
9 1 H H C 71013 83
A 90(14) 93
10 CHCH,  H H D  >98 (14) ca. 87¢
1 TBDPSOCH, H H A 80(15) 91’
A 93(16) 9V
2 BnOCH, H H o % 16) oV
13 CH; CH; H A 85(17) 94
A 96(18) 85¢
4 H Ph CH; o 20318) 5>
15 H CH,CH, CH.OTIPS B >98 (19) 89
16 CHs CH; CH,OTIPS B 85 (20) 88"
17 H CH,CH,CH,CH,- B 84 (21) 60"

“Procedure A (with <1.0 mmol): 2 equiv of Zn(CHl,) at 0 °C,
then rt for 2 h. Procedure B (with <I1.0 mmol): 2 equiv of
Zn(CH,l),°DME at —10 °C, then rt for 8 h. Procedure C (with <1.0
mmol): 5 x 2 equiv of Zn(CHzl),'DME at —10 °C. Procedure D:
dioxaborolane 22 was used instead of 1. ? Unless otherwise noted, these

1
R! R
“ OH 1 (1.2 equiv) Q/b/\/OH
RZ)\/\/ Zn(CH,))*DME (x equiv) . 1
CH,Cl,
entry R R, X equiv yield,” % (cpd) ee, %
I CH;CH, H 2.0 90 (43) 820
2 H Ph 3.0 90 (44) 82¢
3 Ph H 4.0 86 (45) 81¢

“Isolated yields. ” Determined by '*C NMR of the corresponding
Mosher ester. ¢ Determined by chiral HPLC.

1. Et,Zn/ CH,Cly

2. 1 (1 equiv) ,
R N-"NHCO,Et .~ R NHCO,E
3. Zn(CHyl), (2 equiv)
CH,Cly
entry R, yield,” % (cpd) ee,’ %
I Ph 21 (46) 53
2 PhCH,CH, 25 (47) ~55
“Jsolated yields. ® Determined by chiral HPLC.
_ . 1
Me>NOC CONMe,
O\ B/O /
Bu” \?/\/\ Ph
Zn
“CHol

Charette, A.B.; Jléteau, H.; Lebel, H.; Molinaro, C., J. Am. Chem. Soc. 1998,6/(15%6,“5



Previous Charette Group Work con’'d
Et><Et

9
Ph_ / Ph
P Ph

0.25 equiv C\ /O 2
i 1

1 T
i Pro” OiPr f
N
R OH 1 equiv Zn(CHal),, R s OH
R

R? 4 A MS, CHyClp,
0°C
Entry R’ R? R® Yield® er er
(%)
K-D h
1* H Ph H 8 9:4to -
2¢ H Ph H 83 4?7;6?’,’}; 5:95 i
e : oH (1 equiv) OZnCHol
3% Ph H H 62 86:14° 9:91 NN e AT
4% Me Ph H 80 94:6° 13:87 A
5 H Ph Me 80 75:25° 47:53
65 H 35Me,Ph H 8  96:4° ko\zm
7% H 2-napht H 81 9 : 4° --- D
8" H 1-napht H 8  92: 8¢ LA
9/ H pMeOPh H 90 96:4°
105 H p-Cl-Ph H 56 91:9°
11" H p-Cl-Ph H 81 91:9° LA- LA-
12" H Pr H 68 87:137 - o 5
13" Pr H H 87 74:26° - k+‘an ) L ZnCHy|
14" H PhCH,CH, H 63 80:20° 5:95 c B
15" H Cyclohexyl H 60 83:17¢ -
16" Me Me H 80 86:14°¢
17¢ H A\ H 73 94:6°
(v
18¢ H H 86 92:8°¢
7]
N7
Boc

Charette, A. B.; Molinaro, C.; Brochu, C., J. Am. Chem. Soc. 2001, 12168
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Previous Charette Group Work con’'d

Table 1. Diastereoselective Zinco-Cyclopropanation of cis-Allylic
Alcohols and Ethers

Table 2. Diastereoselective Zinco-Cyclopropanation of

Trisubstituted Allylic Alcohols?
PGQ PGOQ
R! R RV—R
Bno—\‘" R Bno—" Y R

1. EtZnl (1.2 equiv) B"
2. 2a (1.5 equiv),

i 1. EtZnl, CH,CI
PGO Z(_'r;1||-|22(c?|25 gclglv) RWPGO R 22aZnl, éHfm2
BnO R syn,cis (a) + anti,cis (d) — . 3.DC1, D,0 or I syn,cis ( syn,trans (b
3. DCl, Dzo or |2 PGO PGO BnO R o
BnO R BnO—, R 23-28 _/vz‘
HY\/ “H H H
syn,trans (b) anti trans (c) E anti,cis ( anti trans (d
dr yield (%) yield (%) dr dr
entry R (PG) (a:(b +c +d)) (E=D) E=) entry PG R R R? (syn:ant)  (cis:trans) yield (%)
1 Me (H) (5) >95:5 82 (6) 75 (7) 1 H Me H H (23) 60:40 85 (29)"
2 Et (H) (8) >05:5 85 (9) 84 (10) 2 H t-Bu H H (24) 94:6 28:72 73 (30)"
3 i-Pr (H) (11) >95:5 86 (12) 87 (13) 3 TIPS +Bu H H (25) >95:5 75:25 64 (31)
4 -Bu (H) (14) >05:5 91 (15) 91 (16) 4 H Me H TMS (26) <595 >95:5 68 (32¢)
5 Ph (H) (17) >05:5 62 (18) 58 (19) 5 H t-Bu H TMS (27) <595 >95:5 77 (33c)
6 Me (Bn) (20) >05:5 86 (21) 77 (22) 6 H t-Bu TMS H(28) >95:5 <5:95 84 (34b)
7 H t-Bu  TMS H (28) >95:5 <5:95 81 (35b)
Scheme 1 ¢ In entries 2—6, cyclopropylzinc was quenched with D,O (E = D). I,
_ _ was used in entries 2 and 7 (E = I). H,O was used in entry 1. » Combined
| Znl yield of the diastereomers.
OBn 2a I|3n
R3 + znl CH,Cl R @
| | + | ""an
2 1 I
) 1 ) 2b R 3
Znl
| =
EtZnl + CHIg OBn

3

R
59-85% yield j> g

Bryan Wakefield @ Wipf Group

R2

~

R' 4

Charette, A B.; Fournier, J. F.; Mathiieu, S., J. Am. Chem. Soc. ASAP, 9:2:05 -
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Achiral lodomethylzinc Phophates

Pho\‘o 1. EIQZn, CHzclz —10°C Pho\‘o (1)
PhO” ©OH 2. CHyl, Pho” OZnCHyl
1 >95% 2

'"H NMR: 1.3 ppm (bs)
13C NMR: -25.4 ppm

Table 1. Cyclopropanation Using Achiral Phosphoric Acid 2

1 3 (PhO),P(O)OH (n equiv)
R _ R Et,Zn (n equiv), CHyl, (N equiv) R! R
R2 R4 CH20|2, —10°Cto rt, 15h R2 R4
entry substrate product n yield (%)
OH
1 W\/ 3 1.2 >05(98%)ab
2 Ph" X" 0H 4 12 >095(98%)2
3 Ph”X-"0Bn 5 12 >095(98%)?
4 6 1.5 95¢
Ph

5 Ph X 7 15 62¢

@ Determined by 'H NMR using an internal standard. Isolated yield in
parentheses. ? Only the allylic alcohol double bond reacted. ¢ Determined
by GC analysis using an internal standard.

Figure 1. ORTEP drawing of 2-THF dimer.
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Chiral Stoichiometric lodomethylzinc Phosphates

Bryan Wakefield @ Wipf Group

Table 2. Cyclopropanation with Chiral Phosphoric Acid 8

O
N
O~ “OH (1.2 equiv)
99
xR Ar - R
Ph™ " TEtZn (1.2 equiv), CHylp (12 equiv) . Ph7 o>
CHQC'Q. 0 °C. 38 h ‘[0
entry R yield (%)? ee (%)°
1 CH,OMe (9a) >95 (73) 91
2 CH,OBn (9b) >95 (89) 90
3 CH,OPMB (9c) 95 (78) 85
4 CH,OMOM 9d) 75 (47) 90
5 CH,OTES (9e) >95 (79)° 87
64 CH,OTES (9e) >95 (84)° 92
7 CH,CH,OBn (9f) >95 (85) 93
8 CH,OZnEt 9g) >95 (80) 39¢

@ Determined by 'H NMR using an internal standard. Isolated yield in
parentheses. ” Determined by HPLC on chiral stationary phase. ¢ The
corresponding alcohol was obtained after deprotection with 1.0 M H3PO4
and NH4F at 40 °C. ¢ The reaction was performed at —20 °C for 48 h.

¢ The opposite (S,5)-enantiomer was obtained.

13
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Chiral Catalytic lodomethylzinc Phosphates

Scheme 1. Catalytic Cycle for the Cyclopropanation Reaction

Zn(CHyl 1ZnCH,l
(CHzl)2 2 Pathway A:
Background
R R process

4 4

HE‘J\rR R2 R

0.g
O OZnCHQI OZnI
Ar(10 mol%)

Ar (10 mol%
IZnCH2| Zn(CHsl), (90 mol%)

Pathway B:
Alkyl group exchange

1. 8 (10 mol%),
Et,Zn (10 mol%), OPG

OPG  GH,lL, (10 mol%) _
AN AR @
r 2. Zn(CHal), (0.9 equiv),
DME (0.54-1.2 equi
(084-12equ)  bi _ 1 (100)
Ar = Ph, PG = TES (9e) 83% (88% ee)
Ar = 4-MeOCgH,4, PG = Bn (13) (14) 68% (84% ee)

Bryan Wakefield @ Wipf Group 14 9/6/2005



Conclusion

« The Charette group has reported a novel phosphate bound Zn reagent
for the cyclopropanation of allylic alcohols. This reagent can be used
in either stoichiometric or catalytic amounts to give moderate to good
ee’s and yields.

« The scope of both the stoichiometric and catalytic reaction needs to be
expanded. The use of unfunctionalized olefins in this reaction would
be an important improvement.

 Work is ongoing to develop a ligand which gives higher ee’s in both
reactions.

Bryan Wakefield @ Wipf Group 15 9/6/2005



