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An Brief History of Cyclopropanes-

Walsh Oribital Energies

1884 First synthesis of a cyclopropane derivative by William Henry Perkin with Adolf von Baeyer's.

1896 Vinylcyclopropane synthesized by Gustavson.

1922 Existence of vinylcyclopropane secured, yet faces despite residual disbelief.

1931 Pauling describes the banana bonding model of cyclopropane

1942 Cyclopropanol synthesize by Cottle.

1947 Walsh describes cyclopropane as a coordinate bond between ethylene and :CH,

1952 Hexafluorocyclopropane generated by TFE photolysis.

1954 Doering et al. find dichlorocarbene adds into alkenes to generate gem-
dichlorocyclopropane.

1957 Triphenyl cyclopropenylium perchlorate synthesized byr Breslow, constituting the smallest
aromatic species possible.

1958 Simmons and Smith determine that iodoalkylzinc species are capable of cyclopropanation.

1964 Wittig elaborates diazoalkanes as an alternative to iodoalkane precursors oforganozinc
species.

Physical Descriptions of Cyclopropane-

-Pauling's sp?, "banana" bonded cyclopropane: This model suggests that sp® hybridized carbons
give rise to a stable, trigonal planar arrangement. Further instability is inferred as all hydrogens are
eclipsed.

Used with permission from Daniel J.
Berger
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H H Outline of Cyclopropanes in Synthesis:
- Stereocontrol via cyclopropanation:

» Corey's syntheses of (+)-Atractyligenin and (+)-Cafestol
-Walsh cyclopropane description: In an analogy to epoxides, A.D. Walsh proposed that » Smith's synthesis of (+)-MycorrhizinA and (z)-Dechloromychorrhizin A
cyclopropanes be considered as an insertion of methylene into ethylene, ultimately giving rise to the
Dsp, symmetric product. - Cyclopropanes as equivalents or masked groups:

+ Danishefsky's synthesis of Epothilone A

« Carreira's synthesis of (—)-Spirotryptostatin and (+)-Horsfilin

Hp
- Synthesis of unusual cyclopropanated natural products:
« Barrett's synthesis of FR-900848
H H - Falck's synthesis of FR-900848
H H

Thus, Walsh cyclopropane has significant sp? character and should react in analogy to olefins;
further, as reactivity is generally governed by HOMO-LUMO chemistry, one can also see why Walsh
cyclopropane has a propensity to open, yet while it is also a stable compound. The dative bond
suggestion was immediately hated by the British chemical community, with Sir. R. Robinson leading
the criticism. Walsh's suggestions had been picked apart due to his suggestion of subtle similiarities
between ethylene oxide/cyclopropane and N-oxide species, ethylene, and the relationship between
chemical character and depiction. Experimental support, however, was presented a year later for
cyclopropane's olefinic character, strengthening Walsh's hypothesis.
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Cyclopropanes in Selected Total Syntheses:

MeO

Epothilone A: Danishefsky et al., JACS, 1997, 10073
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rt, 73% MOMCI, iProNEt,
(CICHy),, 55°C, 85%
3) PPTS

MeOH, 95%

BF;Et,O, THF  momo
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0 ,PPTS, _ 0 78C.76% _ Ho. N_Z
Ho <" GRCI, THPO. <] 5)

SiMe;

1) (COCI),, DMSO,
CH,Cly, —78°C; EtN,
—78°C-r.t.

2) MeMgBr, Et,0, 0°C-r.t.

S S 85% for 2 steps
— — | o 3) TPAP, NMO, 4 A M.S.
(+)-Horsfiline N N ,  /BuLi THF, -78°C CH,Cly, 0°C-rt.
:+OR1) NIS, AgNO3 ;»OMOM MOMO, H SiMe3
Q _Acetone, 64% _ Ep— L F
2) (Chx),BH, Et,O, ,—78°C-rt.
ACOH, 5% ye.si”~ 97% 0
o |
. H = 5 ©oH A:R=MOM 11) PhSH, BF3-Et,0, CH,Cly, 1.
S H Me =Ac 2) Ac,0, pyr., 4-DMAP, CH,Cly, r.t.
Me0C 86%; 99%
(+)-Cafestol (=)-Atractyligenin (-)-Dechloromycorrhizin ’
o
Cl 9 OMe
NH «_ 1) TiCly, CH,Cl,, ~78°C
H N)%O CHO , 2) CSA, PhH
o NN o B"O/\r 87%
— OH = _|Q/ “~ “oTms
me ¢ O o]

OH OH Et,Zn, CHyl,
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(-)-Mycorrhizin FR-900848

BusSnH, AIBN gz,
PhH, A OBn
“/OH 80% for 2 steps

TPSCI, imid.
DMF, r.t., 97%

OMe

1) 1,3, propane dithiol, TiCl,
CH,Cl,, —78°C—40°C
78%

TBSO  OTPS

. — BnO Y
‘OTPS 2) TBSOTH, 2,6-Lutidine , :
CH,Cl,, 98%
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OBn OTBSOTPS ) DDQ, CH,Cly/ HyO, 89% TBSO  OTPS (-)-Spirotryptostatin B, Carriera et al., ACIEE, 2003, 42, 694 »
2) (COCl)p, DMSO, CH:Cl, _ ome. - e
S\~ 78°C; EGN, -78-0°C, 90% : S M =
: : Rho(OAC)s, (1MOI%) 2 Mgly, TIPS Nj
MeOCH,PPhCI =N
1) pTsOH fBUOK, THF, 0°C-r.t. xwe —/\ N — qps
TBSQ  OTPS Diox./H,0, 50°C, 99% TBSQ  QTPS  86% PhH. A 71% o THF, 75°C o
5/12) CH3PPh3Br, NaHMDS, v N (sealed tube), 68% H
: °C-| )
: PhCHg, 0°C-r4, 76% PA(PPha)s, 6 mol%
PIFA, MeOH, THF, r.t. T ég;%te;%Xgarb'tur'c acid
92% )
° Separate isomers Me
TBSQ  OTPS 1) 9-BBN, THF, r1. NT/\yMe TIPS~ N\(\»Me TIPS~
' OMe 2) "B", PdCly(dppf)s, " Resolution of o EtzN, NBOC-P! ’
: o aN, -Pro-Cl
: OMe Cs,C0;,, PhaAs, ~diastereomers

10,
H,O/DMF, rt., 75% CH,Cl,, rt., 90%

N N
H H

H
1) NMO-H,0, OsOy (cat)
THFABUOH/HO, r.t.
2) Pb(OAC),,
EtOAc, r.t., 97%

Diox./H,0, 50°C
85%

1) NaClO,, 2-methyl-2-butene,

KHMDS, TBAF, |
THF, -78°C, 0.001M )tg;ONH ’ET ger - tago/ﬂps N _,CO.Me THF, 1L
51%, 6:1 d.e. D 2Nz El2 o=, \r 99% =

1) Dess Martin Periodinane (DMP),
CH20|2, r.t.

2) NaBHy,

MeOH, THF, -78°C, 80%overall

EtOH, r.t., 90%

NBOC
1) NMO-H,0, OsOy (gay H' "
THFABUOH/H,0., P

3) Pb(OAC), N\rcc’zme
EtOAc, rt, 77% 2 \

N
H
H,, Pd/ BaSO,, quinolineJ

1) HF-Pyr.,
THF, Pyr., r.t. 99%
2) TBSOTH, 2,6-lutidine
CH,Cl,, -30°C, 93%

N
H
1) DMP, H,
oH CHCly, r.t., 84% o N
2) HF-Pyr, 1) TFA, CH,Cl,, M=
THE. r.t.. 99% 2) EtgN, CH,Clp, 1% >J o
3) 3,3 DMDO, 74%
CH;Cly,-35°C, 49%
16:1 d.e.

N

Epothilone A
(-)—Soirot'r"vptostatin B
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Horsfiline, Carriera et al., HCA 2000, 1175 HOCH
0 o) Meo uozC 2‘
MeO MeO . ) NaH, BnBr Me
NaH BnI°3r N2H4 H2O! A, o DMF 0 C-23°C TEAA 2,6-Iutidine,
0 DMF, 23°C o 91% N "ty CH,Cly, -78°C
N 74% N Bn DIBA| H, ‘H 2Vl O
" Bn CH2CI2, -10°c,0” no 68% o _
1,2-Dibromoethane, NaH 86% — L,
DMF, 23°C, 81% NHg/THF/EtOH
-78°C, 100%
NN"Mgl
5 Mgl caty  MeO 1) MsCl, EtzN
MeO Na/NH, MeO N ThHE, $25°c Me THF, -50°C Na
78°C, 91% 83% W 2y Znly, NHg/THF/H,0
Nn CH,Cly, 23°C OH  -78C,90%
. H 72% ! 95:5 d
(x)-Horsfiline o >95:5d.s.
N,H,, DME/fBUOH, 23°C; on
Cafestol, Corey et al., JACS, 1987, 4717 1) TMS —=—Li 02.CH.Cl,, 70% 1) 0sO,, THF _
-35°C-0°C . , 2) Hy, Rh-Al,Og "'OH
o) BuLi, THF, -40°C; THE, 23°C
a \) 2) PPTS, MgSO,, TiPSOTY, 90% SHE THET
o LDA, Mel o PhH. A — - Q 3) o
-50°C-0°C, 3) KF*H,0, CHCN, S _
° ° 0°C-5°C, 70% DMSO, 15°C, 83% ¢ TIPS 23°C, 55%
o (O NP7 Y2 (z)-Cafestol

2) 3% Hy0,, K,CO3, 63%

Me
CO,Me COzMe 1) NaBH,, MeOH, 0°C
o LDA, THF, 60°C; 2) PPhg, |rr;|d l,, 23°C
= -60°C-0°C, 67% 4 84%

Atractyligenin, Corey et al., JACS, 1987, 6187 L
|

Me oH  LAH, Et,0, Ve THF/NH/SiaOH Me
97% 45°C, 89%
o OH OH

1) DIBAIH, PPhy, imid., I,

1) SiayBH, 0°C, THF J

CH,Cly, -78°C, 90% Etp0/ CHsCN
2) (COCl),, DMSO MeOZCO 25°C
”?—L/"F?'ﬁogm OH, 23°C Etg, Ch,Clp 95% "
2 20 eOH, 3) LDA N2 ‘ CO,Me LDA, HMPA
1) ToN co -78C; -78°C- -20°C !
4~ A 3 HEt CO Et 82%
N \/JN T\\/ N Et;N/EtOH, THF, -78°C, 86%
= = 25°C, 96% 4)Rh,(OAc),
28C 2) CuiiL, DME, 25°C, 72%
% (%:2':0(_%:)&053;) PhCHs, CO,Et CH,0H CH,0TBS
, , © u02C A, 67%
M _LAH, TBSCL imid.. , M
e TsNa, DBU Cu (1 Et,0, -20°C DMF, 20°C, 91%
_1SNg, UBU Y
O  CHJCl, 23°C PhCH3, 45 50% o 86% pEt
98% o TFAA, Et;N
X » =13
0 CO,Bu CO,Bu 1) Na/Hg, THF/H,0 2,6-ditBu-4Me-pyr.
_ 20°C 0 oTBS
69%
NaBH,, 2) CrOg,pyridine
MeOH, 100% 20°C 0O,, Rose Bengal, hv Me
3) TFAA, 4-DMAP CH,Cly/ MeOH, 79% -
pyr./CH,Cl,, 0°C
4) Zn) THF/HOAC

20°C, 81%!
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' Mycorrhizin, Dechloromycorrhizin, Smith et al., JACS, 1982, 2659
oTBS OTBS ! OMe oMe o OH OMe g
" L-Selectrid M : 1) ool D eR Mel, K,CO
Me _L-oelectride, Ve ! Et,0, 34°C CHchZy 0°C _ Mel, RpLO3
[0} B THF, -78°C HO,, B 1) COCl, : —;’2) Isobutyryl-Cl 2) “Acetone, A o
EESNel:IrHF OMe  EtO,-78°C OH CHsCI 25°C 58% overall
pyr., PhH f 78% PPhs=CH,
OH OTBS 80% E THF, 25°C
, o]
1) TBAF Ve 2) BuSnH, AIBN, ' 1) MsCI, Et;N O
) : 9 : , Etg CH,OH OMe cp.0H
._THF, 20C : Pt 8, 78% | ! CH,Cly, 0°C L 257 BH,, THF;
2)CPROOH ; 40%  NHg, BuOH H,0,, NaOH
o1 VO(AcAc), o ; 0 "2)LioBu o )H20 (COH), or (+)IPC,BH o
\\\ 2,6-lutidine : 18 UOH/ THF, CH.Cl, 60% e.e.
0 | 1) 5% Pd-C/ H, PhH/PhCHjg o) | m-CPBA 25°C 75%
EtOAc, 20°C  96% ; CH4OH, 0°C
2) PPhg, CBry, !
CH4;CN | + o} o o
3) Zn/AcOH : Q TESCI, EtN, LDA,PhSeBr
THF, 65 /o E o DMAP, CH Cl, CHZCIZv 25°C
' Y 25°C, 60% Y : OMe
1) TBSOTY, 2,6-lutidine ; 0 on OMe OTE%Me OTES
CH,Cl,, -78°C o ! °
B ..0H 2) K,CO3, i LiCU% e> J
3 N MeOH, 20°C, 95% ' e/,
\:\ H S H '
o MeO,C | 1) PCC, 88% ! o]
2) Sml,,
THF/ H;0 ! 1) Swern TBAF
20°C, 90% ! o \2)SeO,pyr.,
: = Ome BuOH Me
: Me
' HBF4(aq)
HO TBAF ; Dioxane
""OH  THF, 20°C, 97% g ; 12.6%
v 2 H ' (o)
S H MeO,C . —4 OH
Me0,C T e o
LiSPr (x)-Dechloromycorrhizin o
HMPA 5 ) 0
0°C;20°C  HO ! 1) TBAF 1) (COCI),, DMSO, EtzN
84% | THF, 0°C Me 65% Me o
~ H ' fo) 2) Me 0 2) SeoZ, — OH
- H ' T . _ z
Me0,C oreare  Hou >_/ T™Ms OH BuOH, pyr., & ™s O
(x)-atracyligenin ! TMS 1) Cly
75% 2 75°C +
: 2) KF,
5 o] DMSO, o)
Cl 25°C, 60%
1). 2)
0 3) 50% HBF,, Dioxane ~ M& __ 0
- o) OH 36% OMe
Me Cl ™s ©O

(z)-Mycorrhizin
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FR-900848, Falck et al. JACS 1996, 6096

FR-900848, Barrett et al., CC, 1997, 1693

Borolane 1, ZnEt,,
H CHyl,, CH,Cly,

0°C-257C, 89% HO/W\/OH 1) PCC, NaOAc, SiO,

1) (S,S)-Dioxaborolane, 1) s-BuLi
BusSn._~_ on_ ZNEt CHoly, Bu.Sn OH ' THF, -40°C .
TN OH—GR.Cl, 23°C. 8% O \<]\/ 2) [ICuPBug),, \1BSC 2 HO™ A0
-78°C

2) TPSCI, imid. 1) TBAF ; CH,Cly, 0-25°C
DMF, 23°C, 88% 3) O,, -78°C, 73%| THF,23°C,72% 1) DIBALH 2) PhyP=CHCO,Et
2) géc% NacI;O4, oi CH,Cl, CH,Cl,, 67%
- . 14/CH3CN/H,0,; OH _ -78°C, 94%
) 2 Mercaplopyridine N-oxide, | 23C,91% | HO ™ S 3 Borolane | FOLALP A o g1,
Bs0” B e TBSO/\4\<]\H/ : Et,Zn, CHal, 7
BrCClg, 23°C; . . CO,Et
i . DME, -15-25°C +
1) Buli, 2) hv, 77% (o] ' 9230/ EtO,C Pz
THF, -78°C ! NaH, TBOSC| ° =
2) [ICuPBug], ; THF, 44% PhSH, BuLi, Ti(OPr),
-78°C : THF, 0-25°C, 50%
3) 0,, -78°C ; 1) PCC, NaOAc, SiO, (op. cit.)
75% 1) TPAP, NMO, 4 A M.S. ' Ho/\q\W\/OTBS CH.Cl,, 0-25°C — 63%
or _CHoClp, 23°C, 91% oTBS | 2) P(0)(OMe), %
ROW 2) "A", n-BulLi, = : /:/7 Me0,C 4—OTBS
-78° o i MeO,C (1:5.0) +
HRTBS THF, -78°C, 65% SO,Ph 1) LiCygHg, THE | 95, weos0 oTBS
Rt ] .| Seestep3 78°C,70% THF, 0-25°C, 71% )
R'TBS 2) TBAF, THF, 95%! 1) DIBALH
_~__OFEt 3) TPAP,NMO ! SPh o one
1) (Et0),P ’ | | CH,Cl,, -78°C, 91%
26/\/1( ’ P NN 2) Borolane1, op. cit. ,
, -40°C, 90%
% — - | s
= PN OPHNOT SA]IIPPTY | oTBS PBUg, PhH, 89% oTBS
NH 2) LiOH, !
HoN Y MeOH/H,0, 23°C, 90+% 5 .
N (o) 3) DCC, DMAP, Nitrophenol ' 1) Raney Ni,
0 CH,Cl,, 23°C, 73% ¢ ! EtOH, -40°C
"B : 2) NH,F, EtOH, 65°C
OH OH EkNH ; 49% (0aMe
DMF, 23°C : 1) PCC, NaOAc, SiO, .
76% H NS0 : (op. cit.), 51%
i | OH_CH,Cl,.0-25C_ op. oit), 51%
\q\/\q\q\q\q\/\/\g w Wm/ 2) Z-phosphonate A
OH OH op. cit., 63%
FR-900848 ; KOSiMes, +
! CH,Cl,,85%
| I~ 4
NH B E W\WCOzH
I nw N | ¢ 2
HO o N" "0 acetone MeN o] 1) H* g ; NH
2) HNg, 2) Rh/C, Hy ! _k. BOP-CI, Et;N, DMA o
OH  OH ADDP/PMej 0.__0 85% ! HoN o. N0 69%
' NH
85% :
! OH OH o/ H N0
o 1) PhSH. PMey/ADDP s0,ph _Buli S0,Ph \4\/\4\4\4\4\/\/\( W
2) AcOOH, 87% 2 2Ph npr o
—~%My A -~ TMSCI \Q\/ ram

83% ™S FR-900848



