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- mostly used for macrocycles
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- Favorski rearrangement

- oxidative contractions

- Wolff rearrangement

- mostly used for cyclopentyl units

- Review: L. F. Silva, Jr. Tetrahedron
2002, 58, 9137-9161
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Exclusion of one heteroatom

w
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Eschenmoser sulfide contraction fuben Eckermann

Synthesis of 1,3-dicarbonyls via S-alkylation:

o
SH o
base s OH
h PR3 . OH -S=PR, =
X n n
0
X=1,Br, Cl, OTs, OMs S

base S~
AN Wl\ ' >
N

X=1, Br, Cl, OTs, OMs

via enamine prefunctionalization:

an
I
S -
Y HN N|3 base S_ o AN
HNM HNW\ —> —_— —_—
n Rs N -S=PR3
HN
n
/
n

via oxidation of sulfur:
QR /

s
ST 8RO L NS e \(S ~
HN (\M thenPR; N M N

n n
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Vitamin B,, synthesis

a)KOBu
a) :3(;40 'C*I*():' (THF/BUOH)
CO,Me CO,Me 2Cl b) P(CH,CH,CN),
: then P(OEt)s TFA, (sulfolane)
Me s Me § (xylene), 125°C 60°C
: . e
oms o 43% ) HNEt,
S7:i°N N (MeOH)
MeH H
1 2
MeO,C
a)NIS, (CH,Cl), 0°C
then
~—
CO,Me
Me0:C W MeO,C
NC =] S
Me H
¢ NaHMDS, (PhH/fBUOH)
CN COMe then Cd(CIO,),, (MeOH)
6 5

A. Eschenmoser, C. E. Winter, Science 1977, 196, 1410 - 1420
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Vitamin B,, synthesis

a) DBU, (sulfolane)
60°C

then PPhy TFA
(PhH), 80°C

46%

then HOAG, Cd(CIOy)
(MeOH)

b) hv, visible
(MeOH), 60°
c) CoCly, 58°C then
KCN, O, H,0
(CH,Cly), 0°C
46%

CONH,

Coy, CONH,
Cobyric acid (9)

A. Eschenmoser, C. E. Winter, Science 1977, 196, 1410 - 1420
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Ruben Eckerms
1B8-Methylcarbapenem uben Eckermann
CO,Et TBSQ CO.Et TBSO
TBSQ 2)CoLHs Y filos SOCl,, pyr § 9l o
HH CO,Et CO2Et then ProNH
COH ——— > N O —_— N 6 s
NH b)HO  0— o IOH 75% o I
© = o ANF
HO O 0\ 0”0
10 80% 1 12
TBSO
a)NaH, PPhy HH AN HO Ly
then (PhO),POCI
N2PTS — > P
byPRNH H o “— o el \
HS/\/N‘n’ ~ X o) HN—< oH  NH;
o ° 0 o
66% \ 1p-Methylcarbapenem

13

O. Sakurai, T. Ogiku, M. Takahashi, M. Hayashi, T. Yamanaka, H. Horikawa, J. Org. Chem. 1996, 61, 7889 - 7894

Gaich-Group Seminar
Ruben Eckermann

Ramberg-Béacklund rearrangement

via S-alkylation/oxidation:

SH (
( @\/ base_ ( @ oxidation  ( @ base @
n 3:0 -
S n X
X

(]
o

o X

X=1, Br, Cl, OTs, OMs

base (@ heat (@
— > "0 T >
%

via cycloaddition:

0.2 ho [6m+dn]
S A (/ then CO base base @
RN N ? X* O -80;
X

== Crco),
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(+)-Fawcettidine
. a) BrMgCH,CH,CCTMS
o a) H0,, LiOH o  DBU (DMF)-40°C ¢ CuBr'SMe,, (THF) Q
P b) NaH, HSPh 8 . then Z2>co,Me COMe _-781t0-40°C COMe
R
¢)NaBO3 AcOH then 40°C b) TBAF, (THF)
84% 63% 80% N
(+)-pulegone (14) 15 16 17
a) AcOH, (PhMe), 110°C
EtHN S _~ ¢ I a)1 M NaOH 0, Q  a)CBryF, KOH
NH3 EtHN . S~ b) ethylene glycol INE (CH.Cl,/tBUOH)
0 CFsCOy g N PPTS, (PhH) N8 b) Ha, PdC, (EIOHTHR) NI=7
o H
b) PtCI, (10mol%) i  then mCPBA O thenLiAH,
(PhMe), 90°C (CH,Clp) H then 1 M HCI H o
c) Se0,, (1,4-dioxane) H 85% OJ 1%
85°C 18 19 (+)-fawcettidine (20)

33%

J. A. Kozak, G. R. Dake, Angew. Chem. Int. Ed. 2008, 47, 4221 - 4223
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(+)-Estradiol
Me 9 Me OTBS o a) (TMSCCH)Co,(CO)s
1) hv O.g' (PhMe), reflux

— 2)CO I A b) Bry, NEt3 O“s"o

o E— : ~N e S
H 70% = Cr(CO), ©) (MeCN)sCr(CO)s ﬁ ﬂ

™S (THF) 2
COH 2 2 18%
21

Me OTBS ;) koru, -105°C
then NCS
b) KOfBu, -105°C

65%

a) KNH(CHy)3sNH,

(THF), rt
b) HF, (MeCN) Pb(OTFA), TFA
c) Et3SiH, TFA 80%
27%

(+)-estradiol (28)

J. H. Rigby, N. C. Warshakoon, A. J. Payen, J. Am. Chem. Soc.. 1999, 121, 8237 - 8245
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Photo-Fries rearrangement fuben Eckermann

n .
COH coupling
HO 0”0
11
Gaich-Group Seminar
; Ruben Eckermann
Kendomycin
HO,C,
iMe a) LiAH,
_ . Me.. ~Noy  a)EDCI, DAMP b) MsCl
o b) LDA, TBSCI ¢) LiAIH,
71% 94%
MOMO Me OTBDPS
OMe
29 30 32

a) TBAF a)HCI
b) IBX b) Me,C(OMe),,
¢) Sn(OTf),, 33 CSA
d) NMeBH(OAc)3 c) LiOH
e) LiOH, H,0, 1%
52%
34 35
H. J. Martin, T. Magauer, J. Mulzer, Angew. Chem. Int. Ed. 2010, 49, 5614 - 5626 12
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Kendomycin

Me.,,
EDCI, DMAP hv, 254 nm a)NaBH,_HCI
DMAP*HCI (cyclohexane) b) TSOH
41% 71% Me
HO
38
Me.,,
a) TESOTf
b) IBX aq. HF
61% 50% Me
HO
kendomycin (40)
H. J. Martin, T. Magauer, J. Mulzer, Angew. Chem. Int. Ed. 2010, 49, 5614 - 5626 13
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Wittig rearrangement

[1,2] - rearrangement:

X
EWG EWG EWG

( lh EWG  pase base - [1.2]
)OH — > "o T oy > OH

X=1, Br, Cl, OTs, OMs

[2,3] - rearrangement:

X
EW
(~ews EWG EWe | g GAOH
n base base -
— Ty — n —> ( .
oH D)
= = =

X=1, Br, Cl, OTs, OMs
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Kallolide A ring system
a) Swern Me
wo. D CO,Me —~ RO Mo a)MescuLiLiam, H, . Me
Ph.P a) BuLi, CH,0 = (THF), -78°C =
3 =§ e b) mCPBA b) TBSCI 880/
—_—
) DIBAL-H 62% 52% HO
d) Swern
TBDPSO
e) CBry, PPh3 TBDPSO TBDPSO TBDPSO
4 63% 42 43 44
a) Swern
a) AgNO, (ac) e 5 CcoMe we M amc we _Me
b) PPTS HO Ph3P=< THPO I [~ b) LICCH, (DMSO) Ve
ethanol ¢) BuLi, CH,O
( ) o o ) B o
79% c) DIBAL-H d) MsCl, lutidine
d) DHP then LiCl \\
e) TBAF ) PPTS, (EtOH)
TBDPSO ) 729 HO ) EtMgBr, (THF/HMPA)
45 46 52% 47
J. A Marshall, B. Yu, J. Org. Chem. 1994, 59, 324 - 331 15
Gaich-Group Seminar
: 2 Ruben Eckermann
Kallolide A ring system
Me i Me Me
= BuLi, -78°C a) Ac,0
\S o (THF/pentane) b) MnO,
+
Y
o QS 68% Ho 8%, ov
N N N
47 48 73 49 50
— 5.3 | MnOy
EiZ=23 | jr
Me Me Me
N /Y Buli, -78°C
5 o (THF/pentane)
15
53% HO™
kallolide A (53)
51 52
J. A Marshall, B. Yu, J. Org. Chem. 1994, 59, 324 - 331 16
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Stevens rearrangement

[1,2] - rearrangement:

EWG EWG EWG

( EWG  pase fj base - [1.2]
n - > 7/
NT n; NZ @: 3 N
-~ AN

X=1, Br, Cl, OTs, OMs

[2,3] - rearrangement:

X
EWG EWG ewe |

2,3 R
( h /EWG base v base - .,\I:j [2,3] ( ;
NZ @ \>
> = =

X=1, Br, Cl, OTs, OMs

via diazo-compound:

EWG

(¥)-Desoxycodein-D
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OAc

=N

a) TBAF, (THF)

b)NCS, PPhs (THF)

a) DEAD, PBuj (THF)
MeO

a) Mel, (CH,Cl,)

b) NaBH, (MeOH) OoH HoO CcHO Q
o°c Br 56 9N oBS

¢) EtO,CCl, KHCO, N b) NaBHj, (MeOH) 5
(CICH,Ch,Cl), reflux ‘COEt 0°C (
d) NaOH, (MeOH), 0°C c) TBSCI, imidazole N ‘COLEt
73% d) Pd(OAc),, PPhs, NEt; 2!
55 (MeCN), 130°C 57
45%
MeO MeO

PhLi, (Et,0), 0°C

Mel, (CH,Cl,)
PR i
83%

¢) Pd(PPhs); NEt; 24
(MeCN), 130°C @
54% N

58

Desoxycodeine-D (60)

J.-P. Liou, C.-Y. Cheng, Tet. Lett. 2000, 41, 915 - 918
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Co - mediated O 2 C contraction

a) nBuLi, -78°C R 3 eq. Et,AICI

(THF) o= (CHCI5)
R, 6 I -78't0 30°C |
0 pPhBE, ———————> P Ry ———>| "o Rs
3 BFa b) Coy(CO)s, (CH,Cly) 24 Z
2

R R R4 LA R
1 ¢) PPTS, (CH,Cly) 1 Cox(COJs Rz ConCOY
o
R3 \\\( Rs
CAN, MeOH, 0°C
> . R2 — Ry
P\ N\
(CO)GCO Ry
S. J. Meek, F. Pradaux, E. H. Demont, J. P. A. Harrity, Org. Lett. 2006, 8, 5597 - 5600 19
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Co - mediated O 2 C contraction

Substrate scope:
WK LK ‘L)\ S~

\
E\ K E\ \ Ek\\
8% “en #4% Nt 78%\_ 0TBOPS e% 73%

-

™S
65
c\) C\) Ph Ph
KO \ K/ \k/
% EGB%\OTBDPS 78 % %OTBDPS I:m\
" ™S

0]

3\\/\/\
\

o

L L
E\ S II\ V-
49 % OTBDPS 00/ Ph 49% “TMmS 68% OTBDPS

73 75

S. J. Meek, F. Pradaux, E. H. Demont, J. P. A. Harrity, Org. Lett. 2006, 8, 5597 - 5600 20

01.10.14

10



Gaich-Group Seminar
Ruben Eckermann

Zr - mediated O 2 C contraction

CpoZrCly, nBuLi
BF3"OEt, (PhMe) [~ (oY oMe
avi

(0] ~ o,

carbo- ——— OMe _-78°Ctort

hydrate > 7 5 S
ey,

O
o _/“‘\\ Ly OH
ZrCpy
21
Gaich-Group Seminar
Zr - mediated O 2 C contraction Ruben Eckermann
OH

HO 0
HO OH
o

H
D-glucose (76) OTBDPS
O__OMe TBDPSO
= o m o CpoZr, \\. JOH
CpoZr R - OMe ———»—
B ~— S otes / Vs 60%

S "OTRS  86% > “
) PMBO OPB e
PMBO
78 77 0__oMe 83
MS S
Me
79 BnO  Me g4
M Cpazr
74%
Me
Me »,) OH
(+)-Fomannosin (88)
Providencin (85) BnO =

MeM:' OH e

82

“oH
Pestalotiopsin A (87)

(+)-Epiafricanol (86)

a) L.A.Paquette, X. Peng, J. Yang, Angew. Chem. Int. Ed. 2007, 46, 7817 — 7819 b) L. A. Paquette, G. D. Parker, T. Tei, S. Dong, J.
Org. Chem. 2007, 72, 7125 — 7134 c) L. A. Paquette, R. M. Arbit, J.-A. Funel, S. Bolshakov, Synthesis 2002, 14, 2105 — 2109 d) J. D. 22
White, S. Jana, J. Org. Chem. 2014, 79,700 - 710

01.10.14
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One-carbon contraction

- 0

23
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Wagner — Meerwein / Pinacol rearrangement

- rearrangement of cationic intermediates
- mostly ring contraction / expansion sequence

Wagner — Meerwein rearrangement:

XMe + Me .
X -
n n n n

Pincaol rearrangement:

OTs

OH o
HO HO
—_—
-OTs -H*
n n n n

24

01.10.14
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(i) - Bulnesol Ruben Eckermann

a)H*
a)H* b) BF5*OEt,, (Et,0) a)OH-
HO_ OH  opp | COAEt COE! by LiAH, Me

/
EtO,C Q b) LiAIH,4 Ny ' (DME), reflux
—_— —_— —_—
o ©MsCl 0 PhO ©) TsCl, pyr PhO '

d) NaOPh OJ C)NaOEj)v

o 3 d) LiAIH4 3
(THF), reflux (DME), reflux
90 @) HzS04 91 92
a) Li, NHy
b) Hz0* HOACc a) CrOg
c) Ac0, py NaOAc f, b) CHN,
—_— Me
d) MsCl, py H c) NaOMe Y
e)Hy Pt d) MeLi Me
OH Me
93 94 (%) - Bulnesol (95)
J.A. Marshall, J. J. Partridge, Tetrahedron. 1969, 25, 2159 - 2192 25
Gaich-Group Seminar
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2-norCedrene

a) Pd/C, limonene

cl a) KOH, 55°C b) NaH, Mel, 60°C
NG j@:> (DMSO/H,0)  MeO ﬁ:> (DME) MeO
— —
MeO b) BF 5, MeOH ° ) NaBH, 0°C Ho

(CHxClp) (MeOH) "
9 78% 97 90% Me Me

98
BFs*OEt, O a) MeLi, (Et,0)
(PhH), reflux 0°C to reflux

87% ; b) POCI; py, 0°C -
Me "5 H thenHi, (PhH)  Me“¢ H
80%
99 2-norCedrene (100)
H. K. Hariprakasha, G. S. R. SubbaRao, Tet. Lett. 1997, 38, 5343 - 5346 26

01.10.14
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Epoxide rearrangement
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LA

epoxidation LA o
o — CHO
n n + n
n

27
Gaich-Group Seminar
z : z z Ruben Eckermann
B — Microbiotene & Microbiotol
a) NaOH, Br,
(dioxane), 0°C Me
then H,SO,, (MeOH) N BF3*OEt,
P reflux (CH,Cly), -78°C o
£ b) mCPBA, NaHCO3 " OMe 90% MeE
Me Me o) (CHsCly), 0°C Me z € MeQ OMe
f - ionone (101) 93% 102 102
a) NaOH, (THF/H,0)
Me reflux Me
a) Hp, Pd/C, (EtOH) N o b) (COCI),, (PhH) %
b) TiCly, CHBr Me '}, ) CHoN,, (Et;0), 0°C Me
Zn, (CH,Cly), 0°C e OMe d) Cu-CuS0,, (cCeH1z)
60% 104 W-lamp, reflux 105
74%
PhyP*Mel-, NaOAm
(PhH) H MeMgl, (Et;0) y
106 : Me %
75% : 75% Me .\Me
H OH
B - Microbiotene (107) Microbiotol (108)
a) A. Srikrishna, S. A. Nagamani, J. Chem. Soc., Perkin Trans. 1. 1999, 3393 — 3394 b) A. Srikrishna, D. B. Ramachary, Tet. Lett. 1999, 28

40, 6669 - 6670

01.10.14
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Favorski rearrangement

Favorski rearrangement:

X=Cl,Br,1, OTs

Homo-Favorski rearrangement:

X=Cl,Br,1, OTs

29
Gaich-Group Seminar
ex (+) - Pulegone Ruben Eckermann
Me 4
o
o a0
(-) - Mitsugashiwalactone (111) A o
Me
TT (-) - Iridomyrmecin (112)
H
Me
a) Bry, (Et0)
O b)NaMeO, (MeOH)
| 67%
(+) - Pulegone (109)
o
(-) - Acorone (115)
L. F. Silva, Jr., Tetrahedron 2002, 58, 9137 - 9161 30

01.10.14
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Cubane Ruben Eckermann
a) NBS, (CCly) [} a) (CH,OH),, pTSA
b) Bry, 0°C Y B (PhH), reflux o ’B o ’B
(CH,Cly/pentane) b) HCI conc. 10% KOH
Q Ll / ) - o M R
¢) Et,NH, (Et,0) Br ©) hv, (PhH) Br 95% HO,C Br
o -20°C 85% Br
40% [e]
116 17 118 19
a) SOCl,
b) tBBUOOH, py a) SOCl,

(Et0) O 25%KOH cop D) BUOOH, py, (E,0)
—_— e H
c) 152°C, (cumene) Br 55% c) 150°C
d) 75% H,S04

47% 120 121

(diisopropylbenzene)

29% Cubane (122)
P. E. Eaton, T. W. Cole, Jr., J. Am. Chem. Soc. 1964, 86, 962 & 3157 31
Gaich-Group Seminar
Oxidative contractions Ruben Eckermann
Thallium (lll) — promoted:
o OH lo) OR
- TINOg) -TNOs)2  rom ¥ TINO3), , [
~ ~ -TI) Q}
n n n n n

Lead (IV) — promoted:

9 OH HO
- Pb(OAc), -Pb(OAC)s oy
= M —_—
n n

lodine (Ill) — promoted:
o OH
el
OH

7
- [N
HTIB ©/ oTs

HO. _iPh)oH
b

—_—

Hi

H
ROH

O\yORP 0ho) COR
C)3 >
q\:'jj ~Pb(Il) Q}
hn n

0) OR COR
ANPR)OH 3
-Phl
n n

L. F. Silva, Jr., Tetrahedron 2002, 58, 9137 - 9161

32

01.10.14
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Thallium (lll) - promoted

Me
Me  TI(NOs)s, (MeCN)

96% b) NaSEt, (DMF)

56%

Me

a)
HO
MeO MSIACC 3A, 0°C >'=pph3 m
O Me \(

123 124 (-) - Mutisianthol (125)

TI(NO3)3 (MeCN) a) TsCl, py
then NaBH4 NEI3 (CH,Cl,) A
N b)NaBH,, (DMSO N
BOC 50% o’ Boc D)Na 4( ) Me Noe
70%

(+) - trans - Trlkenmn A(128)

HMDS, TMSI "
Me  TI(NOs); (MeOH) Me a)Hy, Pd/C Me then MeLi e
Yol twmorrt Me] " b)KOH,MeOH o VeI thenCNCOMe |
—_— —— 2"
e‘ 59% MeOC - ©) MeLi >\- o S
o 86% —\
o
129 130 131 (+) - Bakkenolide A (132)

a) V. M. T. Carneiro, H. M. C. Ferraz, T. O. Vieira, E. E. Ishikawa, L. F. Silva, Jr., J. Org. Chem. 2010, 75, 2877 — 2882 b) G. G. Bianco, H. M. C.

Ferraz, A. M. Costa, L. V. Costa-Lotufo, C. Pessoa, M. O. de Moraes, M. G. Schrems, A. Pfaltz, L. F. Silva, Jr. J. Org. Chem. 2009, 74, 2561 — 33
2566 c) I. R. M. Tébéka, G. B. Longato, M. V. Craveiro, J. E. de Carvalho, A. L. T. G. Ruiz, L. F. Silva, Jr., Chem. Eur. J. 2012, 18, 16890 - 16901
Gaich-Group Seminar
Ruben Eckermann
Lead (V) - promoted
Pb(OAC),s o) Pb(OAC),
2 CH(OED)s e CH(OED); COzEt
—_— e
HClO, HClO, Me
13% 65%
129 130 131 132
O e PPOAN o Et o) Pb(OAC), CO.Et
CH(OEt)3 2 CH(OEt); 2
—_—
HCIO,, HCIO,
54% 55%
133 134 135 136
. H
1 e SE{éé“c”fciﬂ’hMe) °°2Me ; o
A ——> Bn Ph
43%
137 139
Pb(OAc),, BF 5
(PhH/EtOH) EtO,Cr
80% .«Me
34

L. F. Silva, Jr., Tetrahedron 2002, 58, 9137 - 9161

01.10.14

17



Gaich-Group Seminar
Ruben Eckermann

lodine (lll) - promoted
o
Phl(OAc),, CH(OEt)3 COLEt v O~ «Ph Phi(OAc), TMOF o
Z s
A" HCIO, B [H,50,] o Seiph
# 39%
749 = A
n=n1_3 o2 ( Ar 0 CO,Me
142 143 144 145
PhIO*BF;
CH,Cly), -15°C
Me OH Me OH @ —>( Cl) @—CHO
PhI)OAc),, KOH 60%
M
Me (MeOH) then HCI e 148 149
6 65% MeO,C
o A : PhIO*BF3
A A O (CH4Clp), -15°C D—
146 147 g e 36% cHo
150 151
2 PhI(OAC),
OH (CHLl). 0C _MeCN__
0 0%
91% IPh reﬂux
o)
152 153 154 155
L. F. Silva, Jr., Tetrahedron 2002, 58, 9137 - 9161 35
Gaich-Group Seminar
(+) - Indatraline Ruben Eckermann
o MeO
© \,OMe
! l a)NaBH,4 HTIB a) Jones ox.
b) pTsOH MeOH b) SOCI;, then NH3
O T T e
cl cl cl
cl cl
156 157 158
N\,
NH*HCI
a) Boc,0O
PIFA b) NaH, Mel
90% c) MeOH, AcClI
83%
160 (%) - Indatraline (161)

L. F. Silva, Jr., F. A. Siqueira, E. C. Pedrozo, F. Y. M. Vieira, A. C. Doriguetto, Org. Lett. 2007, 9, 1433 - 1436

36

01.10.14
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Wolff rearrangement fuben Eckermann
o
diazo aQ & 0, Nu
transfer N2 1M] or hu . NuH
- N2
n n n n n
37
Gaich-Group Seminar
(+) _ A9(12)_ Capnellene Ruben Eckermann
a) CH,=CHMgBr, Cul a) CSA, (PhH)
(TMEDA) reflux Me
Me then CNCO,Me, HMPA Me Me b) LDA, Mel Me
Me  b) HSCH,CH,SH, BF;*OEt, \ /—OH c) DIBAL-H
_ o —_—
c) cHex,BH then H,0, d) Swern
o NaOH oM ) CH,=CHMgBr  Me
162 d) Ra/Ni 2Me f)DMP 4
o
3% 163 52% 164
a)KOMBu, TBSCI  Me
(THF), -78°C ﬁ OTBS ) NaBH,
b) DBU b) TBAF , hv, (MeOH)
—_—
30% Me c) NaOMe, HCO5Et 48%
T d) TsN3 NEts
92%
165
a) TBSOTf, DMAP a) TBAF
2,6-lutidine b) NaH, CS; imidazole
b) DIBAL-H then Mel
¢) MsCl, NEty ¢) BuzSnH, AIBN (PhMe)
d) 0-NO,PhSeCN 24%
NaBH, then H,0,
69% () - A%12) _ Capnellene (169)
M. Ihara, T. Suzuki, M. Katogi, N. Taniguchi, K. Fukumoto, J. Chem. Soc., Chem. Commun. 1991, 646 - 647 38

01.10.14
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Salvilenone

Io) TrN3 KOH
a) Brp AICly Br [BusNBr], 18-c-6
b) PhgP=CH, (THF) (H,0/PhH)
¢) TINO3)3 MeOH 88%
9
Me 35%
170
o
i
OSi(Pr)s i 0Si(Pr)
—_—— Br — —> | Br
hv (vycor)
(CICH,Ch,Cl)
rt then 80°C
71% Me
173 174
a) MeLi, (THF)
then nBuLi
then acetone
. -78°Ctort
Ho OSiPr)s  thenHC,MeOH o o
reflux ‘
—
b) TBAF, (THF)
c)DDQ, (PhH)
43%
Me
Salvilenone (177)
R. L. Danheiser, A. L. Helgason, J. Am. Chem. Soc. 1994, 116, 9471 - 9479 39

01.10.14
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