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Challenges of Making Seven-membered Rings

Thermodynamic

Ring Strain:
*Baeyer (bond angles distorted from ideal) = small rings
*Pitzer (torsional strain) = medium rings (7-13 carbons)
*Transannular strain = medium rings

Kinetic

Intramolecular cyclization becomes competitive with intermolecular

Strain Energy vs. Ring Size Rates of Intramolecular Cyclization vs. Ring Size
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Mandolini, L. Acc. Chem. Res. 1981, 14, 95.
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Aldol-type Chemistry

Danishefsky’s Synthesis of Guanacastepene A

OHC
OTMS "o o OH
MeLi, 0 °C; n-BuLl _>_> AcO
then HMPA 20 steps
4% vyield
65% yield

75% yield

Guanacastepene A

Danishefsky, S. J. JOC 2005, 70, 10619.

Nicolaou’s Total Synthesis of Cortistatin A

(o] OTBS O K,CO,, dioxane

125 °C
52% vyield

H\. 1,4-oxa-Michael/
aldol condensation

Cortistatin A

Nicolaou, K. C. ACIE 2008, 47, 7310.



Aldol-type Chemistry

Shair’s Synthesis of (+)-Fastigiatine

TMSEO._ O
° — —
L NB o
(o) (o) oc 7 st
\_/ steps 0 0
\__/ .
— axial attack
favored
002t'Bu
> — —N -
7-endo-trig OH
NHNs
Ac
1. Mel, chO3; 1
then PhSH <—N
2. CF3CH,0H, heat Me—N
3 p-TsOH
4. ACZO, Et3N
(+)-Fastigiatine

Shair, M. D. JACS 2014, 136, 13442.



Aldol-type Chemistry

Shindo’s Synthesis of the Xanthanolides

OH
Vi t-BuLi
— -
ﬁ
o 9 steps THF, -78 °C .
82% yield TBSO
0 0 HO
TBDPSCI
DMAP —
— —
imidazole
) CH,Cl, N 13 steps 0
S OH = OTBDPS
TBSO 92%yield  TBSO

(0]
Sundiversifolide

Shindo, M. Tetrahedron Lett. 2010, 66, 8407.



Friedel-Crafts Chemistry

Danishefsky’s Synthesis of racemic Frondosin B

OH
0 0
MeO CHO (COCI),, CH,Cl,;
MeO :
—_— MeO
\©i —_— N then SnCl, € N\
-78°Cto-10°C
4 steps 0 o)

67% yield
antg SN ) ()
CeCly, THF
~78°C — - HO
2. CDCl, A\
o 4 steps o

93% yield

over 2 steps
P Frondosin B

Danishefsky, S. J. JACS 2001, 123, 1878.



Friedel-Crafts Chemistry

MacMillan’s Synthesis of (+)-Frondosin B

(o)
/
N
”)\‘<
A\
N (20 mol %) H

(0] \
Bn MeO

MeO ﬂ A
N—BoH), * / H >
0 CI,CHCO,H, HF, EtOAc

84% vyield, 93% ee

%t .

|
NHTris Q OH MeO
t-BuLi BBr3
> MeO >
_78 °C O \ CH2C|2
o)

o

-78°Cto0°C (0]
86% vyield

88% yield (+)-Frondosin B

MacMillan, D. W. C. Chem. Sci. 2010, 1, 37.



Friedel-Crafts Chemistry

Green’s Racemic Synthesis of Microstegiol

P CcO,Me ,\/
MeO ¢
OAc \/\002(00)6

BnO OO BnO OAc —_—
' A
BF; OEt, OO

5 steps
CH,Cl,, 0°C
OH
H,SO, NaH, O, @
BnO OAc —_— —_—

SO

o

81% yield 64% vyield

Microstegiol

Green, J. R. JOC 2010, 75, 8258.



Oxidative Cyclization

Majetich’s racemic Synthesis of Barbatusol

OMe T|C|4
e .QO

7 steps
96% vyield

HO
OH
TSNHNH2 NaSEt ‘ O
—_—
“NaBHON ‘.O DMF .
75% yield 65% yield
Barbatusol

Majetich, G. JOC 1996, 51, 8169.



Pinacol Coupling

Nicolaou’s Syntheses of Echinopines A and B

0 Meozc—/g/_
—» -,
I oTes

10 steps

Sm|2
> HMPA .
- THF
—-78 °C to 25°C
9 steps
50% yield

Nicolaou, K. C. JACS 2010, 7132, 3815.

Rhy(OAc), H .OTBS
PhH, 70 °C
70% yield CO,Me
—_—
—_—
9 steps

Echinopine A,R=H
Echinopine B, R = Me



Prins Cyclization

Iwabuchi’s Synthesis of Scabronine G

o o
LDA, LiCl TMSI, HMDS 0
. THF, -78 °C CH,Cl, 0 C,> .
TBSO" o i .
v th . HCI K —_—
54% yield TBSO en aq TBSO |
CO,Et CO,Et 75% yield Et0,C 17 steps
COzMe COZH
. Me,AICI _ H
0 _— /
CH2C|2 y
80% yield OHC
OTBDPS

Scabronine G

Iwabuchi, Y. Org. Lett. 2011, 13, 2864.



Pinacol Rearrangement

Overman’s Enantioselective Synthesis of Shahamin K

. SMe f-\ ®
0 \Phs ( SPh s® OBF, A _SPh
o — TMSO <7 - TMSO
> CH,CI, -45°C
S steps 80% yield
®_~~_-SPh
> THSO ,
Prins Pinacol
rearrangement rearrangement
OAc OAc
LDA, HMPA, THF;
ﬁ
o >
Ve 7 steps
AcO
SO,Ph
72% yield Shahamin K

Overman, L. E. JACS 2001, 123, 4851.
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Heck Coupling
Carreira’s Synthesis of (+)-Daphmanidin E

(0
(o)

o
Et0,C

BocHN
Co cat (25 mol %),
i-ProNEt (1.5 equiv)

o

blue LED, 23 °C,
MeCN

I~ OBz

93% vyield

==

wer

_>

—

HO "l,,/
6 steps

OAc
Daphmanidin E
Carreira, E. M. ACIE 2011, 50, 11501.

Co catalyst




Heck Coupling

Fagnou’s Formal Synthesis of Allocolchicine

o)
Br
= o

MeO z Br MeO Z O —

Cl — 3

+ Cl
MeO Cl MeO 4 steps
OMe

OMe

MeO oMOM Pd(OAc), (10 mol %)
ligand (10 mol %) €O . OMOM
MeO cl Q CO,Me '
K2COs o MeO
MG DMA, 145 °C Olle
73% yield CO-Me

-«iNHAc

4 steps Me,N

L.,
U

Allocolchicine

ligand

Fagnou, K. Org. Lett. 2005, 7, 2849.




Heck Coupling

Overman’s Synthesis of Guanacastepene N

TMSO

0]
t-Buli;
+ —> o )
| ; then CuCN;

then TMSBr

sz(dba)3‘CHC|3
(12 mol %)
dppb (24 mol %)

o
KOAc, DMA, 80 °C

12 h

80% yield

(+)-Guanacastepene N

Overman, L. E. JACS 2006, 128, 13095.



Pauson—Khand Cyclization

Brummond’s Progress Toward Guanacastepene A

0

\&\O LDA, HMPA o \\ .
|

0) >—:——/— )

35% yield

[Rh(CO),Cl,
(10 mol %)

-------- >
coqlatmy | | Y=  mmm==- >
PhMe, 80 °C

65% yield

Guanacastepene A

Brummond, K. Org. Lett. 2003, 5, 3491.
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[2+2+2] Cycloaddition

Echavarren’s Synthesis of (+)-Orientalol F

|/\N—Ar
N

Ar
Au
OH TESO.\_ — \ =
e NCPh
y/ Ar = 2,6'(i‘Pr)206H3
A\ (3 mol %)
N - CH,Cl,, 23 °C
o
o 6 steps 65% yield

(+)-Orientalol F

Echaverren, A. M. Chem. Commun. 2009, 7327.



[4+3] Cycloaddition

Cha’s Formal Synthesis of (+)-Phorbol

oTBS oTBS
Cl Cl 3
~ * ﬁ)j\/ then Zn, MeOH
Cl 85% yield many steps
OTBS
00 OTBS
Cl
via N
. @ ~e
Cl
Cha, J. K. JACS 2001, 7123, 5590.
Cha’s Total Synthesis of Imerubrine
(o) OMe

OMe ol . MeO

MeO —— Cl MeO —N
o - 0
Q Et;N, CF3CH,OH;

N 5 steps
MeO Zn, NH,CI, MeOH Q
N

73% yield o)

Imerubrine
Cha, J. K. JACS 2001, 123, 3243.



[4+3] Cycloaddition

Funk’s Racemic Synthesis of Cortistatin |

\ TfOH
I - N OTf — >
TIPSO (o) e ‘e, CH2C|2, -78 C;

then pyr, MeOH
oTf

8 steps \ N
o 0
TIPSO via OH

/@
N
MesSn Z

LiCl, CuCl, Pd(PPh3),

70% vyield

Cortistatin J

Funk, R. L. JACS 2011, 133, 12451.



[4+3] Cycloaddition

Molander’s Asymmetric Synthesis of Deacetoxyalcyonin Acetate

j\/ OTES OMe
OMe )\)\ - -
1. Cl , Zotes ;
Et;N
r ' —_—
TiCl;, -80 °C
2. AcOH, hv
60% yield
22% vyield - -
o-Phellandrene
H CO,Me O3;
—_— —_—
— then DMS
OH
H 12 steps 43% yield
OAc
o
4 steps

Deacetoxyalcyonin acetate

Molander, G. A. JACS 2004, 126, 1642.



[4+3] Cycloaddition

Watanabe’s Racemic Synthesis of Urechitol A

OH BnO
_ OBn TiCl,, EtNO,
o + -
~ OTES NaHCO;3;, -78 °C
46% yield

Watanabe, H. ACIE 2010, 49, 5527.

OH
OBn
(o]

HO,,. (0}
_>
MeO
> OH
11 steps
OMe

Urechitol A

Harmata’s Racemic Synthesis of Aphanamol |

EtO OH
CN //
—>
CHO »
4 steps \ /
0]
H,;O0*
%
42% yield 5 H OH
Aphanamol |

Harmata, M. Tetfrahedron Lett. 1997, 38, 7985.

OMOM

Tf,0

2,6-lutidine
CH,CI, -78 °C

32% yield

>




Diels—Alder

Chen’s Formal Synthesis of Echinopine A

Pd(OAc),
PhsP
—»
PhMe
80-160 °C

75% vyield

1. mont. K10
PhH, 80 °C;
then NaOH
Et,O

2. p-TsOH
3. Martin sulfurane

CO,R

36% yield
over 3 steps Echinopine A, R=H
Echinopine B, R = Me

Chen, D. Y.-K. ACIE 2011, 50, 3013.



Diels—Alder

Yang’s Total Synthesis of Caribenol A

| CO,Et
o :
LO,Et X, 1.#BuLi,Et,0 O — >
- + > i
Z 2. PCC
77% yield 6 steps
over 2 steps —
O CO,Et
TBSOI".
BHT, PhMe — >
—_— —>
92% yleld H 8 steps

Caribenol A

Yang, Z. JACS 2010, 132, 13608.



[3+2] Cycloaddition

Hashimoto’s Total Synthesis of Polygalolide A

)
;( OTBDPS Rh,(OAc),
O N 0o (5 mol %)
EtS oH —= PhCF,, 100°C N
OPMP _ o\
(o) (o) 73% vyield G OTBDPS
H

EtS 15 steps

PMPO
1. CAN
2. DMP
> >
H —\ 3. NaC|02
o OTBDPS 2-methyl-2-butene
o 4. CH5N,, Et,0
H
MeO
1. TBAF, AcOH 1. SiO,, CH,Cl,
> >
2. TMSOTf, EtzN opme AcO 2. NaHCOg3, aq. MeOH
MeO
OMe
AcO Polygalolide A

Hashimoto, S. ACIE 2006, 45, 6532.




[3+2] Cycloaddition

Overman’s Racemic Synthesis of Aplyviolene

PhNCO 80
% Lo —
Et3N 90 °C 0
7 steps

(+)-Fenchnone

H,, Pd/C
-Ni —>
Raney-Ni >
B(OH); 6 steps
67% yield
_ over 2 steps
o]
Meoﬁvd
0]
0 L TBSO Cl
~~ " ONPhth
: »
Hantzch ester
Blue LEDs, i-PrEt,;N 10 steps
[Ru(bpy);]1(BF ).
61% yield

Aplyviolene

Overman, L. E. ACIE 2012, 51, 9578.



meta-Photocycloaddition

Wender’s Racemic Synthesis of Rudmollin

hv
\\ S OMe Vycor filter
é >
HO TBSO\“‘ pentane
4 steps
63% vyield
Hg(OAc),
THF/H,O
71% yield

MsCI, pyr;
—»
LiAIH,

84% yield

Rudmollin

Wender, P. A. Tetrahedron Lett. 1986, 27, 1857.



Cyclopropane Rearrangements

Davies’ Synthesis of 5-epi-Vibsanin E

~
Rh,(R-PTAD),
A CO,Me (0.5 mol %)
+ N2 .
65% yield
OTBS 90% ee
NS
o
o
“* g
OHC
—— /,"'
10 steps -

Davies, H. M. L. JACS 2009, 131, 8329-8332.

NaHMDS

26% vyield

a
-
-
-
-

%
2
Cd

5-epi-Vibsanin E



Cyclopropane Rearrangements

Feldman’s Synthesis of Pareitropone

OTIPS B OTIPS
O _ IPhOTf LIHMDS O
i
NTs
64% yield O
MeO NHTs MeO
OTIPS

O KF/AlL,0,

—  weo L) g
O NTS THF, 02

Ve 57% yield

Feldman, K. S. JOC. 2002, 67, 8528—-8537.

MeO !
MeO Z

Pareitropone



Cyclopropane Rearrangements

Nevado’s Formal Synthesis of Frondosins A and B

OMe OPiv
—~ a\ [(S)-MeO-DTBM-BIPHEPAU,]CI, et
AgSbFg, DCE, 23 °C; o \
ﬁ 5
then NaOMe, MeOH, 3 days

68% vyield, >90% OMe /Q/OH
o yield, > o €€

MeO HO
m T (-)-Frondosin A

\I
| --I[Au]
/\
R? AN + Plvoj\ PIVO

[AU]

H

Nevado, C. ACIE 2011, 50, 911.



Group Transfer

Snider’s Syntheses of (+)-Erinacine A

Me,AICI
= >

\ 87% yield

~\ oxa-ene

.\‘\\ O o
{ on

HO
H

o™

CHO

(+)-Erinacine A

Snider, B. B. JACS 1996, 118, 7644.
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Radical Cyclization

Oltra’s Total Syntheses of Laukarlaol and Barekoxide

B OAc
OAc
Cp,TiCl,
é
- N X
N—_X  Mndust, TMSCI _ | -
I collidine, THF Cp,(CI)TiO . cyclization
cascade
0] 39% vyield B i

Laukarlaol Barekoxide
(5 steps) (4 steps)

Oltra, J. E. JACS 2005, 127, 14911.



Radical Cyclization

Trauner’s Total Synthesis of (—)-Guanacestepene E

“‘\\\/ I S\
X t-BuLi, =78 °C;
\** + . »
TBDPSO' N "“"OBN then (2-thienyl)Cu(CN)Li
\ g THF, —40 °C;

(o) then BF3-OEt,

RVC anode

2,6-lutidine, LiCIO,
MeOH/CH2C|2

81% yield _

+MeOH;

[0] TBDPSO'
MeO

Trauner, D. JACS 2006, 7128, 17057.

TBDPSO™"

“""OAc

(-)-Guanacastepene E
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Ring-closing Metathesis

Ene—Ene Metathesis: Selected Examples

HO

o o
(+)-Cyanthiwigin U (=)-Cyanthiwigin F Teucladiol
Phillips JACS 2005, 5334 Stoltz Nature 2008, 1228 Vanderwal JACS 2009, 15090

(+)-Chinensiolide B Coristatin A (+)-Omphadiol
Hall JACS 2010, 1486 Myers Nat. Chem. 2010, 886 Romo ACIE 2011, 7537



Ring-closing Metathesis

Ene—Yne Metathesis: Parker’s Formal Synthesis of (—)-Englerin A __

Stewart—-Grubbs

catalyst
PhMe, 80 °C
H 0
77% yield 0\‘( 0,CCH,OH
RRCM 0

(-=)-Englerin A

Geraniol

Parker, K. A. Org. Lett. 2012, 14, 2682.



Ring-closing Metathesis

Ph
Ene—Yne Metathesis: Parker’s Formal Synthesis of (—)-Englerin A f
Stewart-Grubbs
catalyst
PhMe, 80 °C
H (0
77% yield 0\‘( 0,CCH,OH
RRCM o

(-)-Englerin A

Geraniol
[Ru]

[Ru]
\

Parker, K. A. Org. Lett. 2012, 14, 2682.
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Dowd—Beckwith

Piers’ Synthesis of racemic Sarcodonin G

1. KH, NaH
(Et0),CO;
o then aq. HCI
—_— ‘ 0]
—> 2. TBAF;
then CH2|2
11 steps
2 steps
R
Sml,, THF; <"Co
—] » q
H,0 . +e~, +H*
i EtO,C EtO,C
71% yield PMBO 2 PMBO 2
(Dowd-Beckwith) -
o
—>
é
6 steps

CO,Et

PMBO

Sarcodonin G

Piers, E. Org. Lett. 2000, 2, 1407-1410.



Nozaki Ring Expansion

Fukuyama’s Total Synthesis of (+)-Lyconadin A

17} ',
.

CHBrg, BNEt;Cl 4,

i-PrOH, aq NaOH
0°Cto23°C

61% vyield

4 ",
0

1. TFA, CH,Cl, +BuLi,THF, =78 °C;
' o

2. Pyr, reflux then isoamyl nitrite

96% yield
over 2 steps

37% vyield

1. HCI, Me,CO
H,0, 50 °C

r

2. (I) o
S"\)l\
Ph” NH,
NaH, THF, 0 °C;
HCI, MeOH, 40 °C Lyconadin A

Fukuyama, T. JACS 2011, 133, 418. .
77% yield over 2 steps



Nozaki Ring Expansion

Paquette’s Racemic Total Synthesis of Africanol

0 \ oTms 0
1.Et;N, TMSCl - heat
' e >
2. n-BulLi PhMe »
CI,CHCH3
many steps

Paquette, L. A. JACS 1987, 109, 3025.

Gademann’s Total Synthesis of Cyrneine A

TBSO TBSQ
1. CH,Br,, LiTMP
o THF, -78 °C ~ 0TBS
OTBS '
2. n-BulLi, THF, 90 °C
17 steps

52% yield
(R)-Carvone over 2 steps (o)

—_— ~ OH
—
3 steps
Cyrneine A CHO

Gademann, K. ACIE 2012, 51, 4071.



Two-carbon Ring Expansion

Lange’s Synthesis of Alismol

MeO,C H CO,Me H ! Bu;SnH
hv : H AIBN, heat
. —_— — > —_—
0 : — 92% yield

"“10CS,Me

|\/o | 53% yield ?\/ 0|’-| H Yo 6 steps cl)\/ O,‘—_, )

acetone, H* MeMgBr
- —_—
CeCl;
74% yield “ A H
oy 68% yield OH
Alismol
Stoltz’s Total Synthesis of (+)-Liphagal OMe MeO
1.Br OMe MeO
1. TMS— Br
o - o MsElHEnY " 9 e
2. BF,-OEt, . aOt-Bu, THF, ) c : (+)-Liphagal
CH,Cl, \ 2. Br,, CHCI,
3. TBAF, THF 3. MW, dichlorobenzene
250 °C
68% yield 30% yield

over 3 steps over 3 steps

Stoltz, B. M. ACIE 2011, 50, 6814.



Two-carbon Ring Expansion

Winkler’s Racemic Synthesis of Ingenol

> hv, MeCN
—>
—»
Me,CO, 0 °C
11 steps
60% vyield
K,CO,4 >
_» >
MeOH
31 steps

Winkler, J. D. JACS 2002, 124, 9726.



Summary and Outlook

Most Common Approaches to Synthesize Seven-membered Carbocycles

* RCM
* Cycloadditions using discrete or latent |,3-dipole functionality
* Ring expansions

Prospective Strategies

* Nozaki—Hiyami—Kishi reaction
* McMurry Coupling
* Ring Contractions: Wittig rearrangement, Ramberg—Backlund olefination, etc.

0]
% 1. [4+2] OTBS n-Bull OTBS
>
o 2. [H] (1,2-Wittig)
\)I\/ 3. protection (o) HO
40% yield

Helpful Resources

* Enders, D. et al. Synthesis 2013, 45, 845.
» Kantorowski, E. J.; Kurth, M. J. Tetrahedron 2000, 56,4317.
* de Oliveira, K. T. et al. J. Stud. Nat. Prod. Chem. 2014, 42, 421.



