Sarpong H&

21418

kRl By {17#k-Official
(QQ: 3073406466)

el

[



i}

XERAN AR, FRZN "BIS
AANE.

A

" HIFtEARE. REEERXMNERER—EiR
FeREFEIRY sarpong 4H

SR EEEPTHNE R, MRBEHA pdf Z3KAIR
7. HLAARMEESE, BigiEs MELIZRERMSHRMTIIR, REHT
Halid. EROMRKIEFFTREH—MXLEE, TENG TBEHXMEEREE.

Sarpong AR ZIKETEL c ARy, BhEERST
PRI — ez

TR EREEY
1L B} "RE" B B AEERTREL c BERNAESXLERRRERITHY
6, FREMETHLRABLUETREATMARE, ol FEXD
RRITXAMERR].

Problem (Dec. 03, 2007):
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White, J. D.; Li, Y.; Kim, J.; Terinek, M. Org. Lett. 2013, 13, 882-885.
Solution (February 25, 2013):

0
OMe  150H, HzN)LOMe N
P / N)—OMe
PhH, A, 37% HN\ —
CO,Me
2
Problem (March 11, 2013):
e OTBS
PPA
MeO N '"CO,Me DCM
heat
MeO 0

3

Problem (April 8, 2013):

1. PPh;
THF, 60 °C
B

2 o0
4
Problem, (November 18th, 2013):

e @)
RN Sy-R Q

cat,
QW - N/O/ y
55%

DBU (20 mol %)
THF, -6 °C



December 13 Problem:

Problem (November 29, 2012):

0 Me
o 1. NaOH aq. EtOH, rt, 60% H
2. t-BuOK, Mel, t-BuOH, rt, 80% 0
e
2 3. MeCHO, SnCl,, CH,Cl,, 0 °C, 83% Z
Me
6

. B

Mo \ HBF,4 (3 equiv)

M902c OMe

DCM, 0 °C
OMe
7
Problem (April 21, 2014):
CH
CH, HyC 3
R R 1) TSNHNH2
HiC ~ 0 B HyC”
2) i. NaH, 0 °C tol ™ :
CH, CH, ii. 120 °C ""CHy
R” KR
R=R'=H yield = 40%
R+ R'=S(CH,);S yield = 80%

8

Problem (June 23, 2014):

OAc
OH OAc (& yoiacac), tBUOOH HsC,
\\ ctiﬁ?\'z - [ A] DBU - o]
? o AcO; pyridine CHyCN H single
DMAP 2:1dr diastereomer
oTBS —




Problem (March 3, 2014):

O Ph (1 mol%)

N ﬁph

Me
1
OEt),P_ _CO,Et
Et__O._CHO wiNe s \"/ - Et. Et O
CICH,COH (20 mol%) TolSH Y s
Et > | A > » 0, A _.COEt
PhMe, RT, 6h Cs;CO, -15°C
co lB 0°C to RT, 4h
OzN/\/ 254 evaporation SRy
EtOH, RT, 10 min NO;
(one-pot reaction)
10
Problem (December 16, 2013):
MeO,C Me\?,SMe eB
\ Me
DMTSF
OAc o ( )
MeCN, - 40 °C
MeS >
N (0]
Me then, Et;N
80% (d.r. = 1:1)
11
Problem August 19th, 2013:
=
'{l'i-
~Z"01BS Me
1. CSA,DPhH PhH. ha
70 =C, 65% yield evaporate then,
2. PhC(O)CH,0Tf, 2,6-lutidine TBAF
Ebrs. DCM, 0 <C to rt, 87% yield THF, -18 °C 74% yield
12
Problem (March 4, 2013):

2. &
0 Cl ﬁ/o

3. HCl
13



Problem (February 4, 2013):

R

AgNO;, EtOH, rt
-

90%

Problem (January 28, 2013):

T\ Ph Dy(OTf)3 (5 mol%)
HO -
0 PhMe, 80 °C

91% Yield
Single Diasatereomer

15

Problem (February 18, 2013):

Ph OMe
THF, reflux
| N o N (OC)sCr 5h
N7 S 81% yield }
1 equiv 1 equiv
16
Problem (October 11, 2012):
o]
(o] o
0o PPh,Me (20 mol%)
o - :—( — (o}
N THF, rt, 1h N
Bn 86% Bn
17
Problem (July 16, 2012):
i
o’> C 4
S PPh3, Et,0 > Ph)LPh > S
i, 16h PhMe, rt 15 min N ph
N; then, reflux 1-7h \=<




Problem (June 11th, 2021):

Provide a mechanism for the following transformation, a 3-dimensional transition state that accounts for
the stereochemistry of the product, and a FMO analysis for the key intramolecular reaction.

[\
o O
Z H,N"" >N CO,H
CHO toluene, >
Me camphor sulfonic acid (10 mol%) Me
heat, 18 h, 79%
Cl
19
Problem (August 13, 2012):
MeO 0
o) }%{
y Et o OMe
N 1 equiv
()
N Acetonitrle, 82 °C
3 equiv

20

Problem (July 16, 2012):

0
o’> c 2
S PPh;, Et,0 > Ph)LPh - S
i, 16h PhMe, rt 15 min N ph
N3 then, reflux 1-7h \_(
Ph
21
Problem (March 7, 2011):
COZMG n-Pr
n-PrNH2 + <COMe 0.\ NH,
= \l
o] COzMe
CN

0O + cHz(cN)z

22



June 18 Problem:

Ts\
1. TsNCINa, cat. NBS N
Q MeCN, 61% A SnCl,
0”7 "OMe

'
2. Ph

30°Ctort 5% Lbcm
)\ 61%
MgBr

Ph
23
Problem (June 11th, 2021):

Provide a mechanism for the following transformation, a 3-dimensional transition state that accounts for
the stereochemistry of the product, and a FMO analysis for the key intramolecular reaction.

O O
HoN“ N COLH
CHO toluene, -~
Me camphor sulfonic acid (10 mol%) Me
heat, 18 h, 79%
Cl

24 B4 FENRMN AT EHAR

Problem (May 28, 2012)
OPh

TsN;, Cul, K,CO, O
TBAI, DCM, rt
»
o)
o;: then N OPh
AlLO,

B TERRNEFH T N-N #IYFR
Problem (April 30, 2012):

25

o}
fo) 1. COCl,, DBU, DCM, 0 °C )l\
NHBn NaN3, Acetone-H,0, rt - Bn‘N NH
H H
> 2. H,0, 150 °C

/\/\cozu

26



Problem (January 16, 2011):

COH Ac,0 N\
— : g
B —
B2 G
42%
27
Problem (May 21, 2012):
OTIPS
o TIPSO HNTf, (10 mol%) o
o -
CH,Cly, rt, 12h, 71% — 0
0
n-Bu n-Bu

28
Problem (May 14, 2012):

i) O,, Rose Bengal

/ \ hv, H,0 Me e
Me o ’ /
H oo i) MeS

iii) p-TsOH

- Problem (March 19, 2012): PVO
weantl

(EtO);P, s-collidine,
MeOCH,;CH,0CH,CH,0H
150 °C, 15 h, 91%

30

Problem (January 23, 2012):
1. CHCI3, NaOH

TEBAC, DCM
‘ 91% I \
She NS
2.LDA
0\) THF 0 \)

43%




Problem (Feb 13, 2012):

DPSO
ODPS OPiv Propionic Acid
HO /Y\/\/ . M’W °P—> OPty
OMe 135°C

(o]
62%
32
Problem (February 21, 2012):
o
0 Ts\ /o r
4 il 10 mol% SnCl, o
o] > 03\
‘ 0°C (82%) N-TS
-
33
January 9, 2012 Problem:
CO,Me
N/ 1. CH,Cl,, rt, 5 days, 70% =z
+ ° )
N—_co,me @)  2.DMSO.100°C,3h 73% _ N
cl
& o]

34 TEARRSEKFET, T, BRMEKHET, AMLEXERE—T

Problem (November 28, 2011):

1. 2™ gl

0O
DCM, -45°C, 1 h
>
2

Y

-45°C, 10 min
0°C, 24 h
35
™ CH,CI,
Problem (Dec 12, 2011) Li — @
MelLi
benzvalene
N
N=
>=O
N
Q b, P B
—_—
AN~N 2. CuCl; then NaOH )
benzvalene 3, hv prismane
0 ’
g




Problem (May 2, 2011):

Lawesson's reagent

N > N__S
PhMe, rt
43%
N (o} N
H S H
A\ S
S
38
o0’ Problem (May 23, 2011):
o~ o
TMSOTT (1.2 equiv) H
CH3NO,, reflux, 1h
73% CI’ Me
39
Problem (October 11,2010):
QH
KH
THF  TBSO o
H
(83%) (6%)
40
Problem (November 18, 2011):
D
OH T
1. CICD,OMe
X 2 - H

A " 2. T,0, nBuLi

3. A

Stereochemistry?

41



NC Problem (December 5, 2011):
o]
.o MeO,C, OEt
OEt —
02N (o]
& + MeOH, r.t. S
P
NH2 then N/
toluene, reflux
\\ 89 %
CO;Me

42
January 31, 2011

0
oTBs N Q\(o
% Etoka - H

— e BT

LDA, THF, -78 °C, 89% toluene, rt/ 30 min, then
reflux/ 30 min, 88%
2. SnCl,, CH,Cl,, 0 °C, 94%

43
- (N> 1. Reflux i
2. NH20H -
N n » A [FVP.650°Cy \
» 3. MeCOCI N
H N
45%
44

Problem (Aug 16, 2010):

0 Citric acid (5 equiv),
MeOC. -~ - t-BuOH, 110 YC
o + AN 60h
OMe ) N "

L. Overman, et al., J. Org. Chem., 71, 9144 (2006)

45

Problem (August 9, 2010):

il toluene continued NCa. —
——. A —
[T, 5:2dr
180 °C heating

46



Problem (March 9, 2010):
A plig
N 30 minto1d
NN > -
N_ 2N 39-83%
N R
R R
R= CF;. CH3. Ph
Which R group do you expect
to have the fastest initial rate?
47
Problsm (July 12, 2010):
Ma | Mo
O O O hlo (10 Equiv _
§ TeOH }
N A (oal)
hB PM A P'd
48
Problem (March 3, 2010):
0
+
OBn —?— - He,
NaH/DMSO / 0
OH 85°C, 36 h BnO
97% ee 78% | 97% ee
49
Problem (August 18, 2009):
Ph 1) HCIO4
2) CH2N,
—_— e
. _NMe C
N
Me

50



Problem (November 7, 2011):

o o
Me _,e\LOiPr
hv, THF,72 h [ A I H,S04, THF/MeOH, 3 h -
—_—
Me NHBn
(o} (o}
51
Problem (October 10, 2011):
1 o}
OH
MOMO ,CDI
H)\)Et\/ ¥
HN X _OBn N‘M
Py = >
0" SN
_N’ 2. Xylene, 150°C
MeO,C 3. NaCNBH3, 20 % HOAc-'PrOH
2
52
o Problem (Aug 22, 2011):
)w
NH " cl Rhy(OAc),
N X I X l —_—
N o
2.NaH, ©
CO,Et 51% Over
Cl Two Steps
N2
95%

53

Problem (May 9, 2011):

Enz-SH EnZ-S—SONOZ
R
o 0 ¢ Rt \\ /‘ s

S\/K/‘\gzoe »: /\H\g/ (S
/©/ CHO OH
OzN

HO ©
| e OF’O32
o\
H
PLP
54
Problem (February 14, 2011):
OH . = 0
CO,Me o MeO,C ; . LiCl, IDMSO, f1|20 C
. m-xylene, reflux
|‘| st 1. NaH, THF, reflux TSOH (10 mol %)
+ R
il = R 0
R EtO,C

55



Problem February 28, 2011):

Me N=
1) Hg(NO,), CH,Cl,, -30 °C, NaOH
>
Me 2) NaBH,
+ =
= /
Me HN

56
Problem (Jan 17, 2011)
0
o Et,N
Cl » 0
I | Cl
Ph” Ets” “set O THF 0°C SEt
RXN will go
w/out Et;N
57
0 OAc
Me)l\“/ki-l’r
O m-CPBA, NaOH t-BuOLi (2.2 eq.)
Y Prg - A
;’h H,0, 40 YC, 67% THF, rt, 74%
7 BuO
t-BuOLi (1eq.
/\)l\/ g
THF, rt, 98%
T. Fujimoto et al. Eu. J. Org. Chem. 2001, 2265
N
-
Ph 0
58
Problem (May 25 2010):
o) 1. H,NNH, HCI, NEt;, MeCN
(o] 2. Mﬂo;, DCM HocHchzOH,
3. 3-OMe-PhMgBr, Cul, THF A cat. TsOH, PhMe, A
> _—
46% (Cy7H2204) 94%
OMOM

59

Solution (April 5, 20010):

oTBS
Me O/ﬁ Meo
o 1. I, MeOH/THF, 83% o
% t-BuLi, Et;,0, -78 °C; 2. MsCl, pyr, CH,Cl,, 94% . o
Br O then B, 130 °C ¢ < O ’

P! ; 3. TBAF, THF rt — 130 °C

Y .

NEt,

oTBS
A B

60 R TEXNRMAISHZRIEIF Cu(l)BERIUENER



NOBF 4, CH,Cl,, 0

@[NH 10C, 1.5h,
then
N s.__ 8 - il
OH [SHS] Soike
(1.2 equiv)

acetone, 2 h
75% yield

61
Problem (July 6, 2009):

1. CHzNz [ 1. LAH :
pep—— e (D
cl
2. Et;N, TFE, Et,0 2. KH, THF
o ¢ i

=<0
@ 69% 76%

62

Problem (Aug 10, 2009)

MgBr
1. C\\_// , CeCls, THF, 76%
:
o Br 2. Tf;0, CH,Cl,, -50 °C, 65%

OMe

A=
98%

J. Chem. Soc., Perkin Trans. 1, 1992, 3419 - 3429




63 R F—HRETRDFENHS

Problem (January 11, 2010):

65
Problem (February 8, 2010)

Me O/\c|>

1)
Me T
i-PrO, :

OH
H BnO PP
BnO /\[ SOCl,, CH,Cl, 1. PhMgBr
) N N H imidazole A 2. P(OMe);, MeOH e N. _NH OPMB
S T T
oo’ © OPMB s P
64
Problem (July 5, 2010):
A i 0 1. H;0a, H,0, MeOH 1.TICl, 1209, DCM  HO ¥ g
% 2. NaBH,, MeOWTHF - 2. HCl, MeOH Z
3. TESCY, 3 eq, Imid., DNIF
. %aver aell ) (40% over 2 stopa)

//0
I -
N
0’ Yo AN
2 aq. NH,Cl
) o 24 %
10% H,SO,
66
Problem (June 15, 2009):
\N O\
o (o] NaHCO;, -
\Z :[ 57 H,0, "Steam bath temperatures”
OH



Problem (May 25, 2009):

1) Buli,
COZMO
MeOvSPh
THF, -78 °C
2) HgCl; (10 equiv),
HCl(aq)/CH;CN, A
0
86 % yield

(over 2 steps)

68

Problem #1 (May 11, 2009):

1) NaH, CH,Cl,

/G[ then B (65%)
z) ZrCl,, Nal,

oTBsS MeCN (57%)

69
Problem #2 (May 11, 2009):

o 1) EtOH, rt Ar 9o
2) NBS, 0 °C —rt;

H,NHN DBU, A
H o+ 200NN > NPh
3 O

(o]
NPh
| A (56%)
(o}
70
Problem (June 1, 2009):
®
Z ;
H eCI N 1. iPrOH, reflux;
N @® NaOH, H,0 (65%)
+ NO, -
2. 200 °C (pwave),
0-DCB, 2 h (65%)

NO,

71



Problem (July 13, 2009 ):

a) t-BulLi; LaCI;.ZLiCI;t:NBoc
t-BuOK (cat.)

(0]

o}
b) t-BuOK, TIPSCI; LDA OP

NHBoc

o]
c) TFA
10 -~ A . \

o NHBoc N
H

72

Problem (Apr 27, 2009):
Nz N OMe
5 Y-ome CO,Me
1) DMAD, 0 BF300Et3 Me°2c

o0

- A

toluene, 110 °C, 70%

R
CH,Cly, 0 °C, 3h

O

O

73

74

Solution (December 1, 2008):

r SiMe;

Cxs.
5

N7
CsF (5 eq), DBU (5 eq) <. O

HMPA, 10°C,3 h l

(89%)

Me

CsF (5 eq), DBU (5eq) O
HMPA,10°C,3 h o Q

(73%)

(15%)

75

Et

Et

Ph

Problem (February 11, 2009):

TiCl4, CDCl3, 25 °C

70 h, 100% yield




Problem (November 17, 2008):
8.0/
~s OH O
TMSOTf, Et;N OMe
I -
N\/\/\fo CH,Cly, rt
o} Me /N

Reference: Tet. Lett., 1995, 36, 9285

76
Problem (February 25, 2009):

o) H 0 o
Me OMe
(o) p-TsOH/H,0
H A
Bu Bu
82%

77

|roblem (March 30, 2009):

Qo0 -

Br (o]

1. LDA, THF, -78 °C

t
2. t-Buli, THF, -100 °C - -40 °C
3. 15% HCI/DCM, 59%/2 steps

Gutke, H.-J.; Braun, N. A_; Spitzner, D. Tetrahedron, 2004, 60, 8137 -

78
Problem (April 25, 2016):

1. KOtBu (8 equiv)
HOBu, rt, 2 min

2. pTsOH (1 equiv)
CF5CH,0H,0°C,4h

(81% over 2 steps)

79



Problem (May 9, 2016):
o (o] Ph
o t-BuOK (1 equiv) Ph
Ph Ph 4 /u\/\ - Ph
Ph Ph DMSO, rt, 16 h
Ph o
(2 equiv) (1 equiv)
75%
80
Problem (June 29, 2016):
Tf,0 (1 equiv), e
NH
o) NZNF (2 equiv) H,0 Ph” N\~
R + PN\ : > ?
\)LN Q Ph CH,Cl;, 0°C tort NaBH, R " Q
P~
81
Problem (April 14", 2016)
_OTs o
N 2x Me,AICI MeCN, pH 7 buffer
o. M o DCM, -78 °C 80 °C 2N )0
* —— ] <
A 42% yield (o]
PoY "
82
Problem (November 10, 2008):
(o] 1. Et3N, CH,Cl,, 16 h, 34% o
2. Cs,CO0;, 1:1 THF/H,0, 50°C, 7h;
then acidify topH =1, 3 h, rt, 57%
o | + o Jo
AcO = 0
OAc 0
83
Sroblem (April 21, 2006):
1) BuLi, PhCHO
THF, -78° 9
Br H
90%
! S T
/ \ 2) NBS (1 equiv) / \ Ph
0 0
THFI H,0
then 1 N HCI
72%

84




Froblem (May b, ZUU8):

1) mCPBA, CH,Cl,, -5 °C
m““& 2) THF, reflux (75%) | NH
- T |
N § 3) H,, PdIC, EtOAc/MeOH (1:1) (98%) NTN 'Et

85

Problem (May 12, 2008):

o
1. PhSLi BusSnH, AIBN w
I \ 2. mCPBA PhMe, 110 °C )
80 %
46 %

OTs

86  THRIRNSEZDZHZET —SMWBFHEM T — 1K ARIMZE

Cl
Problem (May 19 2008):

~ ()
1. PPhg, THF, reflux, 54% cl
2. 190 °C, 98% o OH
Br > A = - Q
3. Bulj, THF0 BF;+OEt,
o) DCMr.t. 24h
oor &
o

Shi, M.; Xu, B.; Huang, J. Org. Lett. 2004, 6, 1175.

87
Problem (January 5, 2009):

™S OH
1. B, DCM, RT
4 CO2R 3 AoNO,. MeOH, 70C  // CO,Me
QLR R COR
R= menthyl

88



Problem (October 27, 2008):

)
1l

1. /s\ THF, 0 °C, 6 h (96%)
M 2. 28% aqueous NH,, dioxane, 120 °C, 2 h o
OMe 3. HONO (aq), 0 °C to RT (77%, 2 steps) H
4. Jones reagent
5. CH;N,, ether, 0 °C
6. hy >300 nm, benzene, RT (96%)

/4
Meo,c H
0
89
Problem (September 29, 2008): Overman et. al. J. Am. Chem. Soc. 2007, 129, 11987-12002.

COOMe 1) TBAF, THF, rt BzO 0
N LDA, A, DME, -78 °C — -65°C 2) TFA, H,0, rt : HN
By )\ OTBS 40 %, 2 steps N

(o) 1 ivH
Et0OC_ 58 % o

A
COOMe
R LDA, C, DME, -78 °C - -65 °C TFA, H,0, rt
N » D —
)':> et 60 %
(o) EtOOC
= \/c\/\ores
80 %
90
Problem (Jan. 4, 2010): e o">
\to
1. Phi(OAc), e
Me OMe Allyl alcohol 3. KH, 18-C-6 A Me
\CE DCM. rt, 77% THF, A, 97% (:CL
4. Hy, PAIC
2.M 2
H 25 .0 MW MeOH, rt, 95% in ©
5k, *23 Ome
Me CeCl;,
THF, -78 °C, 76%
91

Problem (April 21, 2009):

OH O — 1) NaBH4, MeOH
2) NalO,, MeOH, H,0 PhMe, 150 °C
s . A —_—

92



Problem (April 7, 2009):
Me
Me
N BF°OEt, Me
0o -
CH,Cl,
(60% yield)

o)
93
Problem (September 3, 2008):

o}

O o} HN
SnCly-5H,0 (1.2 equiv)
N o
H xylene, 60 °C, 7 h, 93%
CN N (o}
H
94
Problem (August 13, 2008):
(o) (o)
cu)g(u\a Zn°
m Br” 'Br o
N NH o
(95%)
Et S
95
Problem (August 25, 2008):
1. SeO,, TBHP, DCM, 90% o

2. NaH, allyl bromide, THF, 72% o
> —
3. DBU, PhMe, 220 °C, 75%, uwave irrad.

4. TPAP/NMO, molecular sieves, DCM, 70%

Denissova, |.; Barriault, L. Org. Lett. 2002, 4, 1371.

96



Problem (July 28, 2008):

1) t-BuOCI, Et;N
3 . MeO

MeO NBn NBn
| 2) |
N MeO,C_ _CO,Me N
H MeO,C CO,Me
TI
PhH, rt - A 71% yield
Reference: J. Org. Chem. 44, 1979, 1371
97
Problem (July 14, 2008): Provide a mechanism for both the
desired and isolated products
Ns 0
. TiCly
............. >
- = CH,Cl,
7Q°
desired
(0]
o Q\
TiCl N e
- 7@5
CH,CI
2Cl; Et
isolated
98
Problem (June 9 2008)
CO;Et
o o 0
H InCls (1eq.)
0 +
w oom
l\ 0 DCM
HO Ph A

99



Problem (June 30, 2008):

h=ﬂo 1) Bry, 1:1 AcOH:H,0, 1) L-Selectride, -78 °C; SO,Ph
NN 0 0°C, 77% PhNTf,, 70% Mo "
" ‘/ e 2) HCO,H, Et;N a
2) tol , A, 70% A -
SO,Ph Hioloens. A PACIo(PPhs),. 84% N2 I
100
Problem (Jun 16, 2008):
EtO_ _OEt 0
1) Ac,0, DMAP, 84% 1) MeNHOH H
| 2) H,S04, 0.2 M, 72% > A 2)140°C,6h = OAc
OH N7 %
| F
101
Frobiem (April 16, 2008):
S0.Ph
N 1.
e ™~ S0 Ph
= OH
TIPSO
2 Mn(phen),,
CH;C0H
oTIPS
HO 9
Zn,aq. NH4C1
—_— T
76% N
102
Problem (March 10, 2008):
co,M
H  coMe 218
<I o 1) PCC, CH,Cl, 1t H
=
(1 okl 2) BF;+0Et,, (60%)
CH,Cl,,0°C
HO H,Cl,
0
H coMe .
: 220-240 °C
2 <I —_— 64%
(2) H a (64%)
TBSO
TBSO
Provide mehcanisms that account for the observed stereochemical outcomes.

103



Problem (April 2. 2008):

0Bz

-
o 1) DMSO, (COCl);, CH,Cly, -78 °C 2h,
OTES then Et;N, rt 12 h, 93%

k.

2) DBU, PhH, rt 12 h, 85%

104

Problem (March 24, 2008):

2

OSIEt, |
RZAICH3 in CH;0H 2
S COZMe —_— -
toluene -20°C NH [60% from 1]

MeO,C Et;Si0

65-78%isolated (Catalytlc)

(1) BuyN'FITHF (87%)
(2) Jones reagent
0 H (3) 90°Citoluene/CH;CN
H (83% over steps 2 and 3)
N

I+

105



Problem (March 3. 2008): Fukuyama Org. Lett., 2004, 6, 3095.

o o
Me‘*T)l\NJL J< 1. NaBH,, H,S0,, EtOH, CHCls, 0 °C, quant.:
0

2. CSA, quinoline, reflux, 84%;
3. Pdy(dba);, Et;N, DMA, 85 °C, 53%.

A’TNM - Ar_ _N
Br
: T

oM
TROPSO . TEDPSO

MeO yod

OMs

v

Naphthyridinomycin, X = OH;
Cyanocycline A, X= CN.

106
Problem (February 25, 2008):

M 1) i. LDA (2.6 eq), THF, 0 °C A PPhs, THF d o o
OEt ii. o >
o 24 A

H
N3 57% 60%
107

Problem (February 18, 2008):

OMs
Me
Me MeMgl (5eq.) Me

| Me 80%
TMSO }E{ Me 2:3:5 Me
108
Problem (February 11, 2008): 0

SiMes = Me;Si
~o 0_/— | N—Ph

N 110 Degrees C 0

Z=
e
|
>
]
2
|
3

benzene



Problem (January 28. 2008):

Ph
3
] .

0 I
NJ\/\)‘\ OH bec, bew - E§\J\fo
k l;l r.t., 15 mins, 89%

Ph O

et

110
Problem (January 21, 2008):

OH Ph. 20 0
=
Y COMe excess PhSCI,
-

| Et;N, THF A Oe

. co,Me
N
Ph” S0

h/s

OH

111
Problem (January 14. 2008):

1) HMDS, then TMSOTY,
cat. 2,6-di-tert-butyl-4-methylpyridine,

B ~cHo H H
TBDPSO  OH Br o OTBDPS
2) Cp,TiMe,, THF, 65 °C, 19h (72%
CO,H ) Cp,TiMe, (72%) I

3) Me,AICI, CH,Cl,, -78 °C to RT (59%)

112
Problem (December 10. 2007):

o OH
KOH
MeOH v ) e
Me™
MeN Me

Rastevione Mesylate Arteagane

113

Solution #2 (December 10, 2007):

R R
0
R Reflux _ - )
N Benzene o N A ‘7‘ \ R
Bh Ph Ph N
Ph"™ pn Ph PH Ph
0 0

BREPHEEH—SRPEIIN—FaRPETmED 1, JERIANRERN

114 127 vinyl lithium EZEEE



Problem (November 26, 2007):

(o]
Et;N, heat vinyl lithium, THF
Cl - —_— J—— i/ H
-HCI -78°CtoRT
AEERAREKS henhO

115
Problem (November 19. 2007):

TFA

” LN,°A° 61%yield
\

Reference: JACS, 2004, 126, 3534
116

Problem (November 5, 2007):

117
Problem (October 22, 2007):

1. Rhy(0Ac)4 (3 mol %), CH,Cly, RT, 5 h, 74%
2. 6 N HCI, dioxane, RT, 3 h, 93%

_/
/
Y

3. NaH, Mel, DMF, RT, 6 h, 73%
A ™
5 2 4. O/ (excess), 150 °C, 24 h, 62%

118




Problem (September 17, 2007):

0TBS

-Ill\

119

Problem (Oct 1, 2007):

OH
= HCOOH

Me
reflux

120
Problem (August 27, 2007):

MOMO OH

1. PhICl,, Pb(SCN),, CH,Cl,

25 mol % TMSOTf

/\ro snCl,

CH,Cl,, -78 °C

C

o]
1) LDA, THF, 80 °C .
A - Me 0SiMe;R
RMe;Si
2) O ,THF, 80°C->0°C &3S
— iPr
MesSi

42%

60%

IMeO
4.

121
Problem (June 18, 2007):

OO 2. PhLi, THF, -78 °C (52%)
OR 3. mCPBA, CH,Cl,, -78 -> -5 °C (58%)

_SiMe;
YkOMe , MeCN

then

OMe

0. COzMe

CO,Me

Tf,0, 2,4,6-collidine, -78 °C (39%)

TBAF, TMSCN (0.6 eq each)
THF -




Problem (June 11, 2007):

OH
1. Phl(OAc);, CF3;CH,0H
2. NaHCO3, MeOH (54%, 2 steps)
3. MeMgBr, Cul (cat.) (60%)
4. PhI(OACc)y, 15, CH,CI, (80%)
-
H
- -COOH
NHCbz
123
Problem (April 23, 2007):
AC Ac
| '
NGAT 1. (MeO)sCH, cat. HCIO, N
- “uAr
2. TI(NO3),
a 3. H,0 wiup CO,Me
70-75%

124

Problem (April 15, 2007):

o]
< m KOtBu (xs), hv
N :
0 I NH3, 1 h
(0]
OMe

125
Problem (April 09, 2007):

S 1. CNH, n-BulLi, THF
-70°C,1h MeS
)
Bu'S Ph 2. Mel, -70 °C, 30 min.
then aq. NH40H sol Ph
90 %

126



Problem (April 2, 2007):

S /\S
CH,N,
e
CH,Cl,, 0 -10 °C

Experimental observation: Mechanism proceeds through an isolable
intermediate of molecular formula C4sH44S,, which has 5 peaks in the
3C NMR spectrum.

127
Problem (May 18, 2007):

Et
PdCl, (.1 eq)
BnHN_ N NHEt Cul (.01 eq) HzN\rN\ N
\Ir = |
N~ 0 0 NEt; (6 eq), THF N~
Br 115 °C, 2 days
0

128
Problem (March 12, 2007):

o = o H
Me oM
-TsOH/H
(o) p-TsOH/H,0 - fe)
OH A
Bu Bu
82%

129
Problem (January 29, 2007):

oJ(
180 °C H 0
2
toluene
OH
™

80% yield




130

Problem (March 5, 2007):

1. PhMe, 100 °C
2. hv, THF (77%)
3. nBuyNOH, DMF, -20 °C (49%)

BnO

MeO

132

1) LDA, THF, -78to 0 °C
2) NaOMe, MeOH, rt

3) t-BuOCI; DBU, CH,Cl,, 0 °C
4) NaBH3CN, TFA-MeOH, rt

H
CO,Me

55% overall yield

Problem (February 5, 2007):

o]
_OH 1.DCC, CH,Cly, 1t, 3.5 h, 95%
OH Nl 2 Toluene,zref%ux or 12 kbar, 74% [ A ] Cs,CO;, DMF, 17 h, rt, 71% EtOOC /N
+ > -
| EtOOC CN Ph X I o OH
F Ph Single diastereomer
133
Problem (December 11, 2006):
MeO,C
MeO,C Br CO,Me
— CO_Me AIBN, Bu;SnH, H .
CO (85 atm) @Q Me
Me =
me 42% yield
H
o}
134
Solution (November 27, 2006):
MeO 1. EtNO,, KOt-Bu, 72%
| 2. Ac;0, DMAP, 79% RaNi, H,
A come - »
| ) 3. SnCly, -78 °C, then NaOMe HO N
0 CeHe, 60 °C, 92%
(o]
Denmark et.al., J. Org. Chem. 2006, 71, 593.
135

Problem (October 30, 2006):

CHBr3, K,CO3, 18-C-6

Br

\

> |

140 °C

/



136
Problem (August 21, 2006):

Ph

e

MOMO 1. nBuLi (2.3 equiv)
X__oTms

I
2. (o)
0
Me K/o

+
3. Hy0* j/
Ph J

Me
(0]
HO
4:1dr, 74 % yield
Problem (August 14, 2006):
Ph\o H
J 9 BzC.
o N 1. H,NNHCSNH,, AcOH, 70 °C, 23h, 87 - 95% N
. CO,Me - 0 - ‘:NH,
2 I, THF-MeOH rt 75 - 879 '

EtO,C S SCRIETO- 0T HN\«NH CO,Me

S

Overman et. al. J. Am. Chem. Soc. 1997, 119, 7159

137
Problem (June 26. 2006):
i 0
1) NalOy, )L OH 0 Y
P "N~ = A
o>< H n ; fo) >< 3 o><
- + | |
0 2)2 eq. Sml,, 0° C : :0 HN e
_ HN )=o
75% vyield over two steps >=0 PH
PH

Reference: Org. Lett. 2, 1457

138



Problem (March 27, 2006):

i) MeMgCI(-78 °C)
i) RMgCI(-78 °C -> RT)
iii) Mel
CN
iv) MesSO3H, 0 °C

71%
single diastereomer

CiMg
RMgCl =

139
wblem (April 17, 2006):

2 / ,
N2 Rhy(pfb)s  (2%)
oY Y = B e

PhH, 25 C, 10 min xylene, 145 C, 13 hr
= o (o]
64% (2 steps)
Single diastereom
140
Probl March 13, 2006):
roblem (Marc ) SPh O SPh O

o OQs/Ph - N/tBU - _tBu
J\) 1. Tf,0 N
N7 NF 2. H,0 + H
I —_—
tBu
141

Problem (March 6, 2006):

o 1. H,NNHSOAr o
2. s-BuLi, THF, TMEDA
3. CO,, then H*
RS 2 - C—'}/ )

H

Rationalize Stereochemistry
142



Problem (March 20, 2006):

Ph,F  PPh,
(5 mol %) - O
Ph OH a 4, /
X 20 mol % HOAc P N0 P Nco,Me

CO,Me Toluene
Single Isomer
84% yield

Rationalize diastereoselectivity

143
Problem (February 20, 2006):

1. CH,Bry, LiTMP (premix -90 °C)
2. n-BulLi (5 equiv, -90 °C - 23 °C)
m 3. EtOH, HCI ©\/\/\002Et
-
0] o] OH

144
Problem (January 23, 2006):

Explain the presence or absence of deuterium in the products of the following reactions

CO,D
NaOD

D,0

0
Br
H
0
co,D
& — CD
-’
D,0 1

145

Problem 2 (January 16, 2006):

Provide a mechanism for the following transformation

Base




146
Problem (January 16, 2006):

Provide a mechanism and stereochemical rationale

Cl 1. mg(0), 60°C
2. Quench w/ CO, then
H+
" -
o” “oH
/
147

Problem Il (January 9, 2006):

Rationalize Stereochemistry in the following reaction

Me
H+
Ho |l -
0] Me
148
Problem (January 9, 2006):
Me
Me
N BF3+OEt, e
0 -
CH,CI,
(60% yield)
(@)
149
Problem (March 13, 20(())6): o SPh O R
0o g’ x ~Bu . tBu
1. T,0 N H’

,:,M 2.H,0 "
—>
tBu

150




Problem (October 31, 2005):

(o]
i \)j\ i 7
1. < ) ™ o
7 T
(o) 2. Wiup o o
151
Problem (September 26, 2005):

OR
1. A o
\\ 2. HOAc, H,0 -
’N\N o N _OAc
Ph
152
Problem (October 4, 2005):
NO
NO 2
o | 2 OH
+ D . 4 +
(@)
o) O
H O
153

Problem 1 (August 29, 2005):

N CN
0
0 1.
I S CN N
EtOH, Et;N /:©
o S
D 2. AcOH, Reflux N

1:1dr

154



Problem (August 15, 2005):

&j e,
\ ,Cl  nBuLi
—»

7/
Zr<

<L

155
July 25, 2005:

Problem 1

SiMe,Ph

RO

Problem 2

HO
156

NJ\OtBu ZrCp;
Ts (o)
ﬁ
A
NJLOtBu
Ts
R .-
1.1 CO,tBu
2. K,CO, <—§
N

1.5 equiv EtAICI, w -SiMezPh

B

1. LAH, then w/up
2. Al(OiPr);
Acetone




Problem (June 20, 2005):

H,Cc” ~0” “H H
- H

H_

Z@ H

157
Problem (June 13, 2005):
Ph
[
N
N N Ven X0 Q Me
N & O PhCO,H (cat.) 0 N CO;Me
PhCH;
158
Problem (September 5, 2005):
MeO
MeO AN
Z % |
NMe 1. phmgBr Z
3 2. Work-up HO NMe
: ot
~
MeO A / \
MeO —
159
Problem (July 11, 2005):
0 I\
CO,Me o_ 0
"-"/\Cs"hs # nfiojxcsi-ls =
“—OPMB Brvg” X
JACS 2000 7424
160
Problem (June 6, 2005):
Cl
CgHsN \
TN
| - S
Z I
N pl’ CgHsNH, (solvent) ~
180°C, 84% yield N NHCgH;

161



Problem (May 23, 2005):

R
1. DMF, POCI, (excess)
2. H+ Cl
- R XN CHO
N Cl
7
g
o
o}

162
Problem 2 (May 16, 2005):

N\

1. Etl o

2. LDA,
Z <A
-
o 3. H;0P
I o)

PPh;

163

Problem (April 25, 2005):

H 1. nBulLi (2 equiv)
SN 2.Cr(CO)g
N ,/S\\ 3. MeOSO,F
fl o” o ! o HO o
(o]

4
0
Wulff
o HsCO O' JACS 1984, 106, 434
= T

OMe =
5. FeCl;, DMF OCH;
164
Problem

1. CH;CN, 23°C

NH, 2. TFAA, 0°C
N\ 3. NaBH,;CN
+
H3CO N 68% yield
OCH, CHs HsCO




Problem #2 (April 18, 2005):

(J

166
Problem 1 (April 18, 2005):

\J

Br

IZ/

HCO3H
- »

Toluene, A o
65% 0 Br

Iz

1. SnMe;Cl, Li
o Then Mel 9 o)
-
2. TiCl,
3. H* Workup
39% 6%

167
Problem

168



Problem (March 28, 2005)

—N 1. PhSCH,COCI 0
N DIPEA, PhCl, A N
\ 2. mCPBA, TFAA PhS
B
e oweg
N
SO,Ph N
SO,Ph

169

Problem #2 (February 21, 2005):

1. LIHMDS, TMSCI
2. Et;N, Heat

O
O
e bu =2

T™MS
-
i H O
/
170
Problem
1. Cl3C¢H,COCI
H 3Lgh2
° Et;N
—  DMAP
TBDPSO,,, TBDPSO,,,
° -0
2 szn(\. a1~
OH ci N
o} o)
3. NaBF,
171

Problem (November 29, 2004):

1. NaNH,

O
Br 2. Aq. W/up
o g

1o
172




Problem (November 22, 2004):

HO
. = >—H
Formic Acid
N o
 oad
Ph N
/ o Heat Ph
173
H COH
0
CO;Me
2 »  MeO N
DBU, MeOH
0
174
Ar Ar Ar
N 100 °C H I\\N 1. PPh3 10% Meop@
H ‘R MeOZC/\/I ‘ > Z
MeOZC/ sk 1 R zi[AcOH 1.5 equiv R
175
Problem (April 25, 2016):
1. KOtBu (8 equiv)
HO®Bu, rt, 2 min H
B +
2. pTsOH (1 equiv)
CF4CH,0H,0°C,4h |
(81% over 2 steps)
A (1:1) B
formed in*
\ step1 i
176
Problem (May 9, 2016):
o (o} Ph
an 0 t-BuOK (1 equiv) Ph
+ 2 Ph
Ph)‘\[ Ph)v\Ph DMSO, rt, 16 h
Ph [0}
(2 equiv) (1 equiv)
75%




177

Problem (June 29, 2016):

Tf,0 (1 equiv), e
X NaHCO4 WAD
Q H,0 A
N7 F (2equiv) 2 Ph
- D
NH
Ph” N\~

T

)
N; - 2
R\)LNQ % B CH,Cly, 0 °C to rt

178
Problem (April 14™, 2016)

N~ 2x Me,AlICI MeCN, pH 7 buffer
o .. o DCM, -78 °C 80 °C =N =0
: — 8] —— <
S 42% yield o)

Me  Mn(OAc), Cu(OAc),

AcOH,RT,3 h

180
Problem (February 22, 2016):

oY —— CC

181



Problem (February 8, 2016):

POCI,

182

Problem (January 7, 2016):

o)
Ph:OlBu*'Ph:N\»j : N/[Z

dioxane, 110 °C

K,CO5
+ ) 0
- THF, rt, 1.5 h E
0

) \ a) O,, Rose Bengal, hv, MeOH, 5°C, 4 min
b) Me,S (4 equiv), RT, 45 min

c) MeO
N
NH
° MeO .
(0.8 equiv), RT, 30 min
d) BF3eOEt; (3 equiv), -78°C, 4 h to RT, then 12 h

(All one pot!)

185

61% yield

57%
Single diastereomer



NO, NHC (10 mol %)

NBS (1 equiv) o NO,
DBU (1.2 equiv

P + H i . )l
DMSO, 25°C, 18 h Ph ’

under N, (o]

.....................

(1 equiv) (1.1 equiv) . Me H 724

.....................

186

NR,
PIFA (1.2 equiv) L 0
Ph g
| CH,Cl, HN
rt, 5 min 1I's
P NR,
Ts (48-81%)

R = aryl, alkyl, allyl

FsC CF3

0.0
o YOCY

187



R R =PMP

OH
OH B"-H 10 mol%
o 50 °C, toluene
MQSO4
R2 R
2
H'f R >
R R =Ac
e
O_un
SP—OH
<944
G
\_ B-H y,
(PMP = 4-MeOCH,)
188
1. NH,OH*HCI, KOH in MeOH o)
N 2. DMAD in CHCl; OH
III 3. Reflux in xylenes HN |
- NS
189
Rz (o] 9 OMe
NH No B, Et,N MeO,C—==—CO;Me Ry Ry
LS N YR G aon i e m >N
R NCI s ' NN R
R4
190
OH ©

J TMSCN, KCN LHMDS

. E oeoo
.
I\ O OMe BnO OBn
I ! OMe

191



OTES

192
—
N/
e
NH,

A (added later)
193

o)

Ts
——N

194
Problem (July 13", 2015):

(3 equiv)

Ar NaF (0.1 equiv)

&
diglyme, 120°C,1 h

195
Problem (October 31, 2005):

1) Tf,0, DTBMP
DCE, -20 °C —» 65 °C

-
2) aq. KHC03, Etzo
>20:1d.r.
72%
I, (20 mol %) N ~Z
>
Ar DMSO Z Ar
120 °C, 6h N
then A
86% for Ar = Ph
Ts\
TfOH (xs) H N
DCM, 0 °C .
5 min H
76% yield
—N
Etozc/_ ’
(5 equiv) F
[ ] Et;N (1.5 equiv) NN
? » |N
rt Et0,C7 SN”

/\—/\ (o}

o

1

? ~ & H \/u\
0 2. Wiup

196

0 o} o]
o o



Problem (September 26, 2005):

OR
1. A o
2. HOAc, H,0
\\ E =
’N\N - . OAc
Ph
197
Problem (October 4, 2005):
NO NO,
o | 2 OH
+ D . " +
(0]
0 O
H O

198
Problem 1 (August 29, 2005):

EtOH, Et;N % :@
- S
D 2. AcOH, Reflux N

1:1dr

199



Problem (June 15, 2015):

10 mol% A
10 mol% KHMDS 1 0
(0] benzene, 80 °C E
4AMS, 42 h
R? '© BF, =W
; N= Me! R?
LR :
' =~ :
1. A §
200
MOa o BocHN"~"" 0
(j\ pH = 11-12 . o/g
o
o N CH3CN / H,0 'O\o
0 O,N
0
Hint:
N02 O~N
o \ o
QF —=— Sd
0 0
N N
OZN °2N
o] o]
201

Propose a mechanism

o ™8 Ti(0i-Pr), (3.3 equiv) g
n-BuLi (7.7 equiv) T™MS
Me . . — | | -
\" ‘H F Toluene, -78 °C; 50 °C, 21 h Me
HO Me then MeOH, -78 °C

o
“OH
Me
3.3 equiv 54%, >20:1 dr
202
AIBN (cat.) o
NI Bu3SnH (0.3 equiv.) CeHis "
CeHy3 CeHg, 80°C, 6 h
\\\ + co + N > \
80 atm 66% N



203

0 4 equiv Sml,
0 THF/MeOH
(4:1)
204

67% yield

Single diastereomer

Problem (November 17, 2014):

—
Meozc\N ~ N“F>~Et

MeOH \ MeO,C
Ph Ph
205
NO,
OH L)) ArNH,
H Ar! Ar'= 3,5-(CF3),C¢H3
<1> M /Wo Ar' NaOAc, toluene, rt
° ’ u OTMS 77% yield
(20 mol%) >20:1 d.r; 87% ee
206
Ph
| 110°C
4 .
o] ZANY toluene
o)
Ph -
68%, single isomer
207

86%

o)
N\ L
NH
% AICI, DCM, rt ’ A I

208

TFA, 30% H20;
DCM, rt;
Na2803, NaHCO;

42%




May 5, 2014 - Problem

(o]

0|e

//SQ (2 equiv)

0~ ~0
209

NaH (2 equiv)
DMSO, rt, 73 %

OMe

Problem (April 28, 2014):

1. DABCO (10mol%),

EWG N

S THF, rt or 0 °C | SN
N v " » / "
EWG\% 2 + R R 2. P(nBu)3, rt R R
Me
210
Problem (June 2, 2014):
ki CO,Et
1.Phi(OAc), (1.1 equiv) P OV'SNH  —
o Ph MeOH, rt, 5 min Me
Me z = A
2. PdBr; (0.1 equiv) Ph
P(2-furyl); (0.2 equiv) (0]
OH K,CO; (2 equiv)
BQ (2 equiv)
p-tolyINH; (1.5 equiv)
Z CO,Et (2 equiv)
DCE, reflux
211
Problem (April 14, 2014)
OH cl
Et,Zn, CH,l, FeCl; (1.2 eq) Ar {
e —— —_—
Et,0, CH,Cl, A CH,Cl,
/\ 0°C A5°C NTs
_ ,Ar 68 - 90% 46 - 82%
( N ~ o @_, 953




212

Solution (September 15, 2014): Org. Lett. 2014, 16, 4504-4507

1,4-dioxane

COH o _l rt
HO.
R-NC + H o+ \H‘\ o B




