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BUCHNER METHOD OF RING EXPANSION
(References are on page 555)

Importance:
[Seminal Publications'; Reviews*®: Modifications & Improvements'®?
Etozc EtO,C, H
o o
Npe )L hv or A . )_I\ _ocyclization / \l
¢ OEt or Rh-catalyst (|3 OEt .

H H Cycloheptatriene

ethyl-diazoacetate carbenoid norcaradiene derivative

derivative

First Step:

a) oM xH\FozEt
—Rh—C —| —Rh—C_ H
78 @\ E j 5

| CO,Et v | {L)'

Et0,C.@_H E0,C N
H -_“. - +
b) ,"I\_/—\© R ,"?ij s Rh-catalyst
—Rhg —Rh—
M N

metallocyclobutane

Second Step:
H, CO;Et

electrocyclization
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1) DMP, NaHCO;,

Pd(dppf)Cl, DCM., 0°C \
Et;N, HCOOH then 6 N HCI Me
o > o - HO H
: DMF, 80 °C : 2) Cu(OTf),, i-PrOH 7 i
O OMe  then 1N Hel O ~$iOMe 70% (2 steps) o OPr
MeO Me 88% MeO Me d.r. = 11:1 at C-18
11 12 13
OHC
N M
TESCI, DMAP  __ € 1) 9-BBN, NaOH Me
imidazole, DCM H H,0,, THF, 25 °C TESO H
r , )
0 °C, 91% 2 “opr 2) DMP, NaHCO, A Noipr
" DCM, 0 °C s
76% (2 steps)
o o LiHMDS, THF 0O o 1) LiBH,, MeOH ™S
J\ J\/Me -78 °C to 25°C )I\ Me THF, 0 °C Me
0~ °N + TMS | > O °N >
/ 71% \__/ 2) DMP, NaHCO,
“ 2 o
Bn B DCM, 0 °C I
16 17 18 3) Bestmann 19

T™™S  ohira reagent
MeOH/DCM, 0 °C
54% (3 steps)



(R.R)-Co-salen (R.F)-Co-salen Q
@ FPINE, BzOH

7 - TBME, Oz, nt
(o] :-au—< f>: :<j >—f-Bu
6 (S.5)-5
1. Amberlyst A26 (OH) m-CPBA
MeOH-THF. 1.5 h % o NaHCO3

OH 2. Butanedione O._~0oMe °CHCL
BzO CH(OMe)3. BF3°E1,0 k" . 16 h
MeOH, rt. 16 h OMe
(S.5)-5 7 (95%)
OH o)
LDA MnO>
"o THF ' CH,Cl, '

3 0°C.1h o ., 12 h 0
e OMe rt,18h 07/l!.'OMe 0O ~OMe
OMe .OMo OMe

4 (88%) 8 (89%) (5.5)-1 (98%)

Scheme 3
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(B) second generation
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b)MeLi O ~Me TMSO (d) Sc(OT),
CICOLAllyl \Oi (c) Pd(PPhs), THF 37% formaldehyde
> Y (@) > >
HMPA, THF oa)so'\"e then TMSI THF, (60%)
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22
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N TE
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Angew. Chem. Int. Ed., 2020, 59, 20417.
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EVANS ALDOL REACTION
(References are on page 583)
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COREY-FUCHS ALKYNE SYNTHESIS

(References are on page 566)

H
o Gmmmesew o o oaw é
)J\ 212 2 ml ‘|3 (2 equiv) C hydrolysis Il
R H or I Il * C
C. 82-90% C 80-95% '
aldehyde CBr, (2 equiv) / PhsP (2 equiv) R™ H i R
R =aryl, alkyl Zn dust (2 equiv) dibromoolefin tham Terminal
CH.Cl, /0 °C, 1-2h; 80-90% acetylide alkyne
a | Br—gF’hg B Ephs Br
BrsC—Brm/™PPh; — + - | _— Ph3F’=/\ * PhsPBr,
'e CCBrz Br
:CBr3 ér/\\/iPPhg ylide
Reaction of the phosphorous ylide with the aldehyde:
R
e
Br ® o H>=D N "0 Ph,P=0 Rg"
Php=( = PhP— — | 5 - ]| ZPheP=0 I
B ) Br Phy Br PPhs _C.
ylide Br @ Br Br Br
dibromoolefin
Conversion of dibromoolefin to terminal alkyne:
IT R
: H R q |
Li® ~n O
o ¢ - n-BuBr Li® ‘“"-C"'R - n-Bu-H C H TH c
80 = 5 — |||/‘ i
Br{i > Br . _COY - LiBr (II (|3
Li Br .
Li H
dibromoolefin lithium acetylide Terminal alkyne
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SEYFERTH-GILBERT HOMOLOGATION
(References are on page 672)

Colvin & Hamill (1973): Gilbert & Weerasooriya (1979):
e n-BulLi Ph o 0 t-BuOK Fh
0 Me (1.1 equiv) (.'; MeO. | (1.1 equiv) C
— ).L + -P Ng — — "
Ph)I\P / \‘[é THF Ié' Ph CHs MeO Y THF C
-78°Ctorit. I H -78 °C,12h éH
20h; 80% Ph then r.t.; 60% 3
Seyferth-Gilbert homologation:
@]
0 IL , base (= 1 equiv) R'-c=c—-R? R0 (|3
JJ\ + \‘OR + N» + \Fl o
R! R2 OR3 solvent Internal or R3O” “*D
aldehyde or N, = room temperature terminal alkyne
ketone
Modification for the synthesis of terminal alkynes (Ohira & Bestmann):
0] i —
. H-—OR3 K5CO4 (= 2 equiv) RI-C=C—H 0 R0 (Ijlj
i e
aldehyde N, room temperature Terminal alkyne R0
R! = alkyl, aryl, heteroaryl; Rz'H aryl, heteroaryl, R3 = Me, Et; base: n-BuLi, KO-{Bu
O s0
ro’ N B —=R0OP — N RO~ P - MEOH RIOZP\
N, OMe R0 OMe R ﬁ Mo o R3O
N2 ) N
Reaction of the anion with carbonyl compounds: (S g
S 3 O R0 R%. __R!
© jo NN o - Ps C” R'-C=C-R?
R%0— P 6’\_4)=o —= RO- R R0~ )L R0 O (,('3' -Np
R0’ ﬁ 3 R2 J—‘—W < : Internal or
R0’ N@ terminal alkyne

N2 N R2 II"LII
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Me Me
TMS
OHC HO® Z (CO);Co
TMS n-BulLi, THF, -78 °C / OH
Me % g =1 atC. Coy(CO), (CO)CE
Me 76%, d.r. =1:1 at C-8 Me
TESO + -
H TESO$ y > HO Me
/ i H
o OPr i .
15 19
20 21
Mét;}ﬁ?f Me
H r 24a, R =
TMSOTf Co(CO)s CAN HO H
L @] \\: Me
Table S1 O R
Co(CO)3 2 g 24b, R =MM9
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Reaction of Co,(CO)g-stabilized propargylic cations with nucleophiles (Nicholas, 1977):
X —

Co(CO
Co
(CO)a

Cos(CO)g-alkyne
complex

Mechanism: %2203

0
|
c

FaRY
(OC)3Ca—Co(CO)s
C

[l
8]

18 &” complex

)3

+

protic acid
or Lewis acid

[ ———
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NICHOLAS REACTION
(References are on page 639)

propargylic cation

[ R? Nuc
R® z 3 .
R2 R oxidizing
Nuc-H t
Co(CO)3 — Co(CO)s agen
R1 {l-_; @ R1 | /
2 Co
{C'D'h {00}3
Co3(CO)g-stabilized Substituted product

Co(CO)y —2X o
Nuc, Nuc
R2 = RS R2 = R3
Co(CO)y =
o |r| Coy(CO)g
o
(CO)3
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SAKURAI ALLYLATION
(References are on page 668)

HO, R? R2 OH
. . : R4 - R4
o R _~_1_SiMe Lewﬁ-:fg’gﬂg% R1>‘\l/"“\‘~y R’ >\l/§x/
R’ R® _Rd HGIT‘IOEI“},I’lIC alcohol Homc:allyhc: alcohol
ketone or allylsilane when R%=H: when R%=H:
aldehyde syn-diastereomer anti-diastereomer

R' = alkyl, aryl; R? = H, alkyl, aryl; R* and R* = H, alkyl, aryl; Lewis acid = TiCl4, BF3-OEt,, SnCly, EtAICI

Cls 2 o-TiCh )
Rz O..—-'TIC|3

e ..T|*GI =2
_O_’\’
: S =
R‘JLRZ e T w T >\/\/S " G| o R‘M



Pd(dppf)Cl, DMP, NaHCO;
Et;N, HCOOH DCM. 0°C
.
DMF, 80 °C
then 1 N HCI
88%
11 12 S5
EDCI, DMAP TESCI, DMAP
NaClO,, NaH,PO, DCM, 0 °C \7 Me imidazole, DCM
2-Methyl-4-butene 39% (3 steps) HO 0 °C, 95%
» ?
t-BuOH/H,O/THF
then 6 N HCI
25 Me
/ T™MS
N PdCI,(PhCN), OHC Ho 2~
Me CuCl,, AgNO,
TESO NaHCO, TESO n-BuLli Me
; - » TESO o
o t-BuOH/MeNO, / o THF, - 78 °C, 70% 7
0,, 66% d.r.=1:1atC-8 o

s7 26 27



aza-Wacker reaction

Bu'OH
(MeCN),PdCINO, + CuCl, — [(L)—Pd—NO,]
(1)
Q
/7,
{L}—Pd—‘iq/ 22 (L)—Pd—N=0
-
0
+
0
Y
Cotha—CH—C_
H
A
Cstha
p-—
30 °C CeHys B - elimination
_._..._._...._._+. _
(L) Pd\N.f
Il
0

(2)
L = MeCN-CuCl,-Me,COH#

Scheme 1

J. Chem. Soc., Chem. Commun., 1986, 12, 909.



Me Me Me

T™S CO),C CO);Co
F C0,(CO) (CO)Co (CO)s
Ho 2 7~ 2e s Z /
then TMSOTf (CO);Co DIBAL-H (CO);Co
Me DCM, -78 °C H DCM, -78 °C H
TESO > HO Me > HO Me
; (o 78% ; o 7| —cHo
o) o) OH
27 28 S9
Me Me
CO);Co CO),C
CSA, MgSO, (€O > coci),, pmso  (©9)sC? TMTU, PhMe
i-PrOH, 60 °C, O (C0);Co Et;N, DCM (CO);Co? 100 °C, N,
> H »> H >
run 3 cycles Me -78 °C, N, Me 56%
73% (2 steps) HO 18 H 959 o H d.r. =12:1 at C1-C10
d.r. =9.5:1 at C-18 7 _ ° 7 _
o OPr o OPr
S10 30

NaIO4, 0304 Me
NaBH, THF/H,0, 0 °C H
THF, 0 °C, N, N,, 93% (2 steps) O'Pr

Me

' o




AAG = 4.0 kcal/mol
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Me NMO ] 10 Meo
C0O);Co —_—
( }3 ~ O DCM, 0 oC }\O
3 63% (2 steps) H 0O O
S8 29
(A} _ _
1) DMP P
28 —
2) NMO
63%
(2 steps) X-ray of 29
Pauson-Khand reaclion [CCDC = 2255975]

N )

e et

X-ray of 32
[CCDC: 2255977 ]
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PAUSON-KHAND REACTION
(References are on page 647)

Pauson & Khand (1973):

R3 RS
R'—R? + —
R* RS
terminal or internal mono-, di- or
alkyne trisubstituted alkene
Modified P-K reaction:
transition metal 0
1 — 2 complex " 5
R—R ( 1equiv) RI__C R
+ \ RS
R3 RS promoter / solvent R4
§_< CO atmosphere R2 R3
R4 RS
0 R!

c
/N 1— 2

(0C)3Ca—Co(CO) R'——R 2/?/60{00}3
C lossof2CO N

Co
0 (CO)s

18 e complex R'>R? 18 &” complex

+ CO CO{CD + CD CD{CD
——

alkene CD{ CO); CD{CD
insertion fnserbm

18 € complex

(CO);Co(CO)3Co. R1

T
RS
Co,(CO)g (1 equiv) R’ \C RS
solvent / heat 4
5 R
R!> R? R R3
Substituted cyclopentenone

Intramolecular variant:

R1
Co5(CO)g
/ ( 1 equiv)
=0
X promoter / solvent
N~ —— 2
— R X =CH,, CHR,
CR, O, NHR, S
R1
R3 Co(CO),
Co(CO), = R2 ]
EaE— Co—-CO
alkene | ‘NCD
(CD coordination e a )
16 e” complex R

loss of
R? o _[CoaCONM

C= _—

R3
18 &” complex




1) TFA/H,0/MeCN
1) Mel, NaH, CS,

2) Ag,COs/Celite

88% (2 steps) THF, 0°C, N,

> '

2) n-Bu3SnH, AIBN
PhMe, 90 °C, N,
33 cephinoid P (5) 67% (2 stesp) fortalpinoid P (6)
NaBH,

dr.=115

NaBH,
dr.=1:1.5
at C-14, 83%

at C-14, 86%

fortalpinoid M (37)

14-epi-cephafortoid A (35) fortalpinoid N (36)

cephafortoid A (34)
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BARTON-McCOMBIE RADICAL DEOXYGENATION REACTION
(References are on page 546)

S
R3 )L 3 g (n-Bu)3SnH R3
R
R } OH Y X . base R1§|\ /ﬂ\ PhCHa3, reflux R-'%*H
R? ’ or R~ 07 Y AIBN RZ
NaH, CS, then Mel _
alcohol 2 thioxoester Alkane

Y = SMe, imidazolyl, OPh, OMe; X = CI, imidazolyl; base: NaH

Initiation step:

CN CN CN
HaC ] g -CH heat
I-::C uN_NGL<CH: > N + 2 -%CHS
3
AIBN CHs
—~ ON CN
(n-BuhS\E}—H L-ECHg - (n-Bu);Sne + H+CH3
CHj tributyltin CHa
radical
Propagation step:
R3 { " Sn(n-Bu)s R? R? S”Sm[n-ﬁu}3 S,Sn{n-Bu}g R’ J@@"(H-Buh
S0 Ul - S S E 6 G
R 0™ "y RO 0w Y o™ Y %R
3
« Sn(n-Bu); . RE\ y )
(this radical enters 1f
another cycle...) R
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