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1. TIPSCI, imid, DMF, 96%.
2. a) t-BuLi, B(0-i-Pr)3, -78°C, 2h, 0°C, 1h;
b) MeOH, 10%, aqueous NaOH, H,0,, 0 °C, 86%.
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2. TBAF (1.5 equiv), THF, 0 °C, 5 min, 93%;

3. Propargyl alcohol, DBU, TFAA, MeCN, 0 °C, 0.5 h;
DBU, CuCly, 10 min;
then TFA propargyl ester was added, 4 h, 0 °C, 80%.
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1. NaBH,, EtOH, 0 to 25°C, 0.5 h, 91%.

2. 2,2-dimethoxypropane, p-TsOH, CH,Cl,, 1 h, 95%.

3. n-BuLi (1.1 equiv), ether, -78 °C, 2 h; then B(OMe)3, 1 h, -78 to 0°C;
then 10% aqueous NaOH, H,0,, 0 °C, 0.5 h, 90%.
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1. CH3P*Ph;Br", NaHMDS, THF, 0 °C, 1 h, 75%.

2. t-BuOK, THF, 0 °C; then reaction mixture concentrated and suspended in MeCN;
then 18-Crown-6, 15 min, bromoisobutyraldehyde, 0 to 25 °C, 1 h, 75%.

3. CH3P*Ph;Br, NaHMDS, THF, 0 °C, 1 h, 80%.
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4. EDC, 4-DMAP, 21, CH,Cl,, 0 to 25 °C, 16 h, 64%.
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1. PPTS, benzene, reflux, 4 h, 69%.
2.1 N aqueous HCI, THF, 0 to 25 °C, 16 h, 80%.
3. PPTS, benzene, reflux, 4 h, 83%.
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" 48 & 5

oH
NO2 4. NaH, MOMCI, THF, 0-22°C, 82%;
5
on 2 Mz, 10% PdIC, MeOH/EIOAC, 22°C, 99%;
3.Boc,0, 40°C, 99%;
4

1. n-BuLi, TMSCI, -78°C, then n-BuLi, methyl cyanoformate,
THF, -78°C, then 1 N aq HCI, 22°C, 54%;

2. 1,2-dichlorobenzene, 205°C (microwave), 83%.
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" 48 & 5

o
1. LDA, 20, THF, -78~22 °C, 92%;
2. LDA, propargyl bromide, THF, -78~22 °C, 97%;
EtO
7

1. DIBAL-H, toluene, -78~-20 °C, then MeOH,
2 N aq HCI, -20~22 °C;
2. TBSCI, imidazole, DMF, 22°C, 84% (two steps);

]

1. [CpRu(MeCN)3]PFg¢ , acetone, 22°C,
92%, 1:1 diastereomeric mixture

% 4 1

OH 1. NaH (2.5 equiv), MOMCI (2.3 equiv),
NO, THF, 0-22°C, 1.5 h, 82%;
5
OH 2. Hy (balloon), 10% Pd/C (0.1 equiv),
MeOH/EtOAG (10:1), 22°C, 12 h, 99%;
4 3. Boc,0 (3.0 equiv), 40°C, 4 h, 99%;

#or

3
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) 48 & 5

1. LIHMDS, TMSCI, THF, -78°C;
2. Pd(OAc),, MeCN, 22°C, 68%(two steps);

3.1 N aq HCITHF (1:1), 22°C, 85%;

]

\ 1. Smly, HFIP, THF/HMPA (10 :1), -78°C, 46%, ca. 2:1d.r.;

2. TFAICH,CI, (1.8:1), 0°C, 87%;
1.18, 17, CH;Cly,
Me P 40°C, 85%, ca. 6:1 E/Z;
3 NI 2. MegNO, THF, 65°C, 95%;
o
M

e
13
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# A

OH 1. NaH (2.5 equiv), MOMCI (2.3 equiv),
NO, THF, 0-22°C, 1.5 h, 82%;
5
OH 2. H, (balloon), 10% Pd/C (0.1 equiv),
MeOH/EtOAC (10:1), 22°C, 12 h, 99%;
4 3. Boc,0 (3.0 equiv), 40°C, 4 h, 99%;
OMOM
NHBoc
OMOM
5

TR

— VLR LB T AR BocfRe, (HAX BHEH
RAEXBERRE, UURETTMSER, XRBTHE
Bk RasE . FRAEEMA T E AR MR &A=
R ZBocfRY?, MTIRINB R T Platensimycinlf] 72 2
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ra) 45 2

1. n-BuLi (1.0 equiv), TMSCI (1.0 equiv), -78°C, 15 min;

OMOM
NHBoc then n-BuLi ( 2.2 equiv), methyl cyanoformate (1.0 equiv),
THF, -78°C, 30 min; then 1 N aq HCI, 22°C, 30 min, 54%; 6
OMOM 2. 1,2-dichlorobenzene, 205°C (microwave), 5 min, 83%.
5
b2

<+ BEBERIINLRSERER M.

< BZUMABIBER MAEA ABLR?
e W LRAT RABIARKIREL.
* RABERFE.

/J NI

# &

ALy

oOMOM 1. n-BuLi (1.0 equiv), TMSCI (1.0 equiv), -78°C, 15 min;
NHBoc then n-BulLi ( 2.2 equiv), methyl cyanoformate (1.0 equiv),
@ THF, -78°C, 30 min; then 1 N aq HCI, 22°C, 30 min, 54%; 6
OMOM 2. 1,2-dichlorobenzene, 205°C (microwave), 5 min, 83%.
5
OMOM
NH,
OMOM
CO,Me
6
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1. LDA (1.2 equiv), 20 (1.5 equiv), THF,
o -78~22°C, 6 h, 92%;
2. LDA (1.4 equiv), propargyl bromide (3.0 equiv),
THF, -78~22 °C, 13 h, 97%; 8
EtO
7
#
< ZELDAfERIT, ARt i B e AR oTBS

Se L S
o FSBRER M RREREUAD
MRS =

%) 48 4

1. DIBAL-H (1.2 equiv), toluene, -78~-20 °C, 2 h;
. _oTBs then MeOH, 2 N aq HCI, -20~22 °C, 2 h;
] Z 2. TBSCI (1.2 equiv), imidazole (3.0 equiv), DMF,
= 22°C, 20 min, 84% (two steps); 9
EtO’
8
7

2
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# &

1. LDA (1.2 equiv), 20 (1.5 equiv), THF,
o -78~22°C, 6 h, 92%;
2. LDA (1.4 equiv), propargyl bromide (3.0 equiv),
THF, -78~22°C, 13 h, 97%; 8
EtO
7
OTBS o = OT8s
=
Br/\)/
2 EtO
8

&

1. DIBAL-H (1.2 equiv), toluene, -78~-20 °C, 2 h;
P> OTBS then MeOH, 2N aq HCI, -20~22 °C, 2 h;
o Z 2. TBSCI (1.2 equiv), imidazole (3.0 equiv), DMF,
= 22°C, 20 min, 84% (two steps); 9
EtO’
8
o
850 ||
9
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) 48 5

1. [CpRu(MeCN)3]PFg (0.02 equiv), acetone, 22°C, 1.5 h,
92%, 1:1 diastereomeric mixture 10
850 ||
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o
1. [CpRu(MeCN);]PFg (0.02 equiv), acetone, 22°C, 1.5 h,
92%, 1:1 diastereomeric mixture 10
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9
o
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o

1. LIHMDS (2.0 equiv), TMSCI (1.5 equiv), THF, -78°C, 2 h;
2. Pd(OAc), (1.1 equiv), MeCN, 22°C, 1.5 h, 68%(two steps); "
3. 1N aq HCITHF (1:1), 22°C, 2 h, 85%;
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o

1. LIHMDS (2.0 equiv), TMSCI (1.5 equiv), THF, -78°C, 2 h;
2. Pd(OAc); (1.1 equiv), MeCN, 22°C, 1.5 h, 68%(two steps); "
3.1 N aq HCI/THF (1:1), 22°C, 2 h, 85%;
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10

Advanced Organic Chemistry, Chapter 2, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 2, Jian Pei, College of Chemistry, Peking University

AT

0E LR REEX, RERERSNARN, E-RMN
AL ETRBFENPIRET, MROFT. XRRNMAEH S
BURER o B IR T RO T BHISE S R B, MR B R R
%, SERAETHRENE, SRMEIE YRR E i
WEXR. ARBORTHRERMKFERFETSIH0ZA
BUREAREAEA, A4 BT YA B R sE .

o oL
/\g LiHMDS /\g ™SCI /\g
BSOS TBSO N TBSON:
10 2 27

) 48 7

o
1. Sml, (2.2 equiv), HFIP (1.5 equiv), THF/HMPA(10 :1),
-78°C, 1 min, 46%, ca. 2:1d.r.; 12
2. TFAICH,Cl, (1.8:1), 0°C, 1.5 h, 87%;
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1. Sml, (2.2 equiv), HFIP (1.5 equiv), THF/HMPA (10 :1),
-78°C, 1 min, 46%, ca. 2:1d.r; 12
2. TFA/CH,CI, (1.8:1), 0°C, 1.5 h, 87%;
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1. 37 (6.0 equiv), 36 (0.25 equiv), CH,Cl,,

Ve O 40°C, 6 h, 85%, ca. 6:1 E/Z;
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1. KHMDS (1.5 equiv), Mel (8.0 equiv),
THF/HMPA (5:1), -78~-10 °C, 2 h, 88%;

2. KHMDS (4.0 equiv), allyl iodide (8.0 equiv),
THF/HMPA (5:1), -78~-10 °C, 2 h, 79%;
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1. 37 (6.0 equiv), 36 (0.25 equiv), CH,Cly,
0 40°C, 6 h, 85%, ca. 6:1 E/Z;
2. MesNO (5.0 equiv), THF, 65°C, 2 h, 95%;
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1. NaClO, (3.0 equiv), 2-methyl-2-butene (10 equiv),
NaH,PO, (5.0 equiv), ~BuOH/H,0 (1:1), 22°C, 15 min, 95%.
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1. HATU (4.0 equiv), Et;N (5.9 equiv), DMF, 22°C, 26 h,
850/0;

2. LiOH (55 equiv), THF:H,O (4:1), 45°C, 2 h;
then 2 N aq HCI, THF:H, O (3:1) 45°C, 10 h,
ca. 90% overall.
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48 & 5

1. TMSCH,MgCI, [PA(PPh),], :
THF, refiux, 1 h Y

2. 3M NaOH, THF/MeOH/DMF
reflux, 15 min, 94% (2 steps)

20 21

ot pTSOH 1. TPAP, NMO, M.S. (4 A)
: o CHCI, CH,Clp, 0°C, 1h, 82%
NS ™S reflux 2. NaBH,, MeOH, 0 oC
20 min
21 22
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BEANEENRUERER G THE SRR, #5
TMSCUZ LA AR EERERE12. BT RBHEH T SHEN,
BRATMSERYIER. EX—FHEEENEER, £
NTHEEE T EEIEER N, p-AANE. R, TMSE
H R SR TR ERENEN, PBIEEET S h R,

N
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EtsN HC=SixCl,
CHs

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

" 48 & 5

reflux, 1h
94 %

26 27 28

” Ag,CO3
benzene
i H H
o
_\OH

J
H
2 5% cHO
%
(+)-Upial (1)

LR

; Et;N
o COMe  DMF

130°C, 68 h

11 12

OTMS
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1. LiAIH,, THF, 0 °C, 40 24
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Pd(OAc),

DMSO, O,
80°C, 15h
9%

14 15
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A

@[\/\ OBz Pd(OAc),
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80°C,15h
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14 15

15

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,




4 4

: ZMgBr

: OBz CuCN
THF
8] -78°C, 1h

98 % (83:17)
15 17
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: OBz CuCN
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NaHMDS, PhNTf,, THF, -78 °C, 2.5 h, 81%
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- 1. TMSCH,MgClI, [Pd(PPhs),],
\/@\/\AOBZ THF, reflux, 1 h
. oTf 2.3 M NaOH, THF/MeOH/DMF
reflux, 15 min, 94% (2 steps)
18 20

* BB RET —MEELREBRR .
* BBR—MBRRTR
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: 3 1. TMSCH,MgCI, [Pd(PPh3),],
THF, reflux, 1 h

\ oTf 2.3 M NaOH, THF/MeOH/DMF

reflux, 15 min, 94% (2 steps)

18 20

OH

20

OH ¥ o

20 21

TPAP, NMO, M.S. (4 A), CH,Cl,, 0 °C, 1 h, 75%
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2 pTsOH

¥ o CHCl;

X T™MS reflux
21 22
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TPAP(IERZEITETIREZ, ("Pr),NRuO,)F FIRIGES L
ZEE, HEKRMNNAATRESREBECIR. BTFRNE
R RIRGE T AT, RSN R AR TR A S
BRI N —,

Ry Q
C a‘i ——— RcHo + Ru=0
o
H® 'R H

ZEA R BLIE S SR AR T R R E LT R4,
BEBRE FRERR, FXERE—NMELSATNRTTR
B, BEJGP-THIRAEREERSHHIATER. NMO (V- E k- V-
YRR TEATTRE, FULTIMALET BRI .

Simple Chirality Transfer in the Ene
(Retroene) Reaction

The simplest all-carbon ene reaction

‘ene’

ene enophile

'retro-ene'

This reaction has features in common with both the Diels-Alder
reaction and the [1,5] sigmatropic rearrangement of hydrogen,

but the transition-state geometry (TSG) which results from overlap
or orbitals is more like that of the [2,3] sigmatropic rearrangement.
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Simple Chirality Transfer in the Ene
(Retroene) Reaction

The Ene Reactions

The ene reaction and its reverse, the retroene reaction, are
pericyclic reactions: bonds are made and broken concertedly

in a cyclic transition state involving six electrons and the
symmetry of the orbitals involved is appropriate for this to occur.

ene using aldehyde
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Simple Chirality Transfer in the Ene
(Retroene) Reaction

Since there is a single sp3-centre available in ene reaction
ensemble, simple chirality transfer requires this to be the
chiral centre and one of two double bonds to be configured.

diastereoisomers

‘ Two transition state to diastereosiomeric products ‘

Simple Chirality Transfer in the Ene
(Retroene) Reaction

SEt
OH  SEt

Me

4

Y tBuMessio, Me
ES
f ] H
"

; ’
= OSiME;Bu
750 +phcHo —MeAldl 0SiMe;Bu’
Me” CH;Cl, -78°C P N
.
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Simple Chirality Transfer in the Ene
(Retroene) Reaction

The Ene Reactions

Both diastereoisomeric
products are formed in

Meo. Cg,,NCOZMe . the reaction in which the
0 COMe S/R ratio at the new
Ph chiral centre in the the
= product is the same as
pr the D/H ratio at the
H vinyl position.
. \
N
R MeO,C~ N
NCO,Me

4
MeO,C

R u
0/ H*
— k/l -
Y

ene using aldehyde
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Simple Chirality Transfer in the Ene
(Retroene) Reaction

Some of the the most useful stereoselective ene/retroene reactions
have one or more carbon atoms in the ene or enophile components
replaced by heteroatoms. Thus the role of the enophile is often
taken on by N=N, C=0, O=0, etc., in stead of C=C or C=C. With a
carbonyl group as the enophile, the ene reaction can be catalysed
by Lewis acids, e.g. SnCl, or R;Al, which coordinate with the
oxygen of the carbonyl group and greatly reduce the temperature
at which the reaction will take place.

AR

AR R JEY F 1) = F ZEREZ(TMS) % T carbonyl-
eneXRMILEEE, LRVPEA=REREN, AR
RBIFMTREBIREN™Y), WHEHT=HE—ER
SINMEINT FrEel RERIER Y, f#795F Wi carbonyl-ene
S BEE] AR BEAT o
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MALEH21 3022 R 4 T — A LewisERfiE {L A5 F M carbonyl-
ene RN, FEXT AR (p-TSOD)MMEAT, BI2TAM
carbonyl-ene R B —SHEH T HIF 4 FRIXIA[3.3.1] £ H R,
BEEANANREFEF O, FRNEANT R, BTLLE,
X—PRMEXEEARTAER— N EREEZE.

LaH
21 =

LR

2 pTsOH

¥ o CHCl;

X T™MS reflux
21 22

22
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RAFESE T 22030 K4kL %

TMS T™S

I I

HO.

It

OH =
23 24

A

% 48 9

| 1. TPAP, NMO, M.S. (4 A)
ﬁj CH,Cly, 0°C, 1 h, 82%
HO. H
: 2. NaBH,, MeOH, 0 °C
20 min
22 26

* BB REMWRE, WAEEFEELT ?
* BIBRIBIRRN, WAERABERT ?

"

I
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[ 1. TPAP, NMO, M.S. (4 A)
CH,Cl,, 0°C, 1 h, 82%
H&P%EH
- 2. NaBH,, MeOH, 0 °C
= 20 min
22 26
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0s0,, NalO,, 2,6-lutidine, dioxane/H,O, RT, 26 h, 69% (from 25)

S

P

N

2,6-lutidine

AngOa
H Ln benzene
3 reflux, 1 h

ooy 94%
27 28
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°Nou 94 %
27 28

* XR—AMEURE, WATRARALT ?

& BB A —MERE.
» SINPIRAREE B RN FHEEN.
* 5B BB R Lemieux-Johnson &AL [ i o

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

56



T
5N

AR

F—H, HTARESKIHEERYE, £LDA(CR
WEREE) KR T SR W ERULY R & N ERIE T B R
gzﬁ%gﬂsé‘%wa R BLRI S AL AR LUK S B

NRE

B =X K4 Lemieux-Johnson& fL R M, B3 HFR
SF1. RENETAOEE, XEREER.

A2 Kk

1. G. Schulte, P. J. Scheuer ,0. J. McConnell, J. Org. Chem. 1980, 45, 552.

2. M.J. Taschner, A. Shahripour, J. Am. Chem. Soc. 1985, 107, 5570.

3. a) H. Nagaoka, K. Shibuya, Y. Yamada, Tetrahedron Lett. 1993, 34, 1501; b) H. Nagaoka,
K. Shibuya, Y. Yamada, Tetrahedron 1994, 50, 661.

4. B.B. Snider, S. V. O’Neil, Tetrahedron 1995, 51, 12983.

5. E. Friedrich, W. Lutz, Angew. Chem., Int. Ed. Engl. 1977, 16, 413.

6. a) C. A. Hoeger, W. H. Okamura, J. Am. Chem. Soc. 1985, 107, 26. b) P. A. Grieco, D. T.
Parker, R. P. Nargund, J. Am. Chem. Soc. 1988, 110, 5568. ¢) L. A. Paquette, R. J. Ross,
1. P. Springer, J. Am. Chem. Soc. 1988, 110, 6192. d) R. A. Holton, R. R. Juo, H. B. Kim,
A. D. Williams, S. Harusawa, R. E. Lowenthal, S. Yogai, J. Am. Chem. Soc. 1988, 110,
6558. ¢) P. A. Grieco, R. P. Nargund, D. T. Parker, J. Am. Chem. Soc. 1989, 111, 6287.

7. a) L Fleming, L. Paterson, Synthesis 1979, 736. b) I. Ryu, S. Murai, Y. Hatayama, N.
Sonoda, Tetrahedron Lett. 1978, 3455. c) P. A. Zoretic, R. J. Chambers, G. D. Marbury,
A. A. Riebiro, J. Org. Chem. 1985, 50, 2981. d) J. H. Rigby, A. S. Kotnis, Tetrahedron
Lett. 1987, 28, 4943. ¢) M. E. Jung, Y.-G. Pan, M. W. Rathke, D. F. Sullivan, R. P.
Woodbury, J. Org. Chem. 1977, 42, 3961.

8. Y.Ito, T. Hirao, T. Saegusa, J. Org. Chem. 1978, 43, 1011.

9. R.C. Larock, T. R. Hightower, G. A. Kraus, P. Hahn, D. Zheng, Tetrahedron Lett. 1995,
36, 2423.

10. D. Yang, M. Yang, N.-Y. Zhu, Org. Lett. 2003, 5, 3749.

11. A. Srikrishna, P. R. Kumar, Tetrahedron Lett. 2004, 45, 6867.

12. H. Helmboldt, D. Kohler, M. Hiersemann, Org. Lett. 2006, 8, 1573.

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

Advanced Organic Chemistry, Chapter 5, Jian Pei, College of Chemistry, Peking University,

z_$ CHO
o=
Y

(+)-Upial (1)

% (+)-Nakadomarin A &4~ 4,

1. LDA, THF/HMPA, allyl iodide, -78 to 0 °C, 1 h, 75%
2. 0sO,, NalOy, 2,6-lutidine, dioxane/H,0, RT, 24 h, 67%

(M. A. Kerr, 2007)
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R MR
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= i =

o COMe
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(+)-Nakadomarin A

v' Nakadomarin A 7E19974E i Kobayash \ —# Okinawa
BEAYERP AR, EME— DRI Manzamines
FEPAE—MRMEIRNRR, HiT2amkE.
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(+)-Nakadomarin A & # % % 2.

FH H006/5/5/5 P9 FR A% BRI 43 5 - — A8 L A L5 T3 T R
R
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1. LiAIH,, THF, 0C .
2. MsCl, NEt,, DAMP, CH,Cl,, -78°C to rt, 79%.
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1. NH3, EtOH/THF (10:1), reflux

2. CIC(O)(CH,),OTBDPS, NEts, CH,Cly, 0°C to rt, 77%

i

o FAESERAS IR B ZIIRIE .
* AR B EIIA—ANGRENKE?

66% combined yield
5:3 mixture E:Z
TS

26% Z-isomer
44% E-isomer
S

Nishida's Intermediate
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1. NH3, EtOH/THF (10:1), reflux

/ s
s 2. CIC(O)(CH,),OTBDPS, NEt;, CH,Cl,, 0 °C to rt, 77%
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OTBDPS
43 OTBDPS OTBDPS
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1. BCl;, CH,Cl,, -78 °C to -50 C to rt, 71%
2. IBX, DMSO, rt
3. +BuOK, MePPh;Br, THF/toluene, rt, 30 - 45%
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1. 20 mol %, Grubbs II, CH,Cl, (0.7 mM), reflux, 84%
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o 1. MeOH, AcCl, rt

16
2. Dess - Martin periodinane, CH,Cl,, 0°C to rt, 70%
3. t-BuOK, MePPh3Br, THF/toluene,rt

OTBDPS

o
< HZBIREERY 5.
< F|HDess - MartinifX 7 LB

A

1. MeOH, AcCl, rt

2. Dess - Martin periodinane, CH,Cl,, 0°C to rt, 70%
3. t-BuOK, MePPh;Br, THF/toluene,rt

OTBDPS
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1. 30 mol %, Grubbs I, CH,Cl, (0.2 mM), reflux, 28% E-isomer .
2. Red-Al, toluene, reflux

%+t #% (-)-Kendomycin & 4~ 2,

(A. B. Smith Ill, 2006)
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(-)-Kendomycin & # £ & % %
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(84%, 2 steps)
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(59%, 2 steps)
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1. NaOMe, MeOH; NaH, Mel, DMF, 93%:;
2. AcOH, rt, 1 h; Ac,0, pyridine, rt, 24 h, 98%.
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NaOMe, MeOH; NaH, BnBr, DMF, 73%.
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MeO" "OBn 2 NaH, CCI,CN
OMe CH,Cl,, rt, 89%
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1. LiOH, THF/H,0/MeOH.
2. allyl bromide, K,CO;, 53%(2 steps).
3. DDQ, H,0, rt, 89%.
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1. DDQ, CH,Cl,, H,0, 70%;

2. Pd(PPhs),, morpholine;

3.2,4,6-Cl;PhCOCI, TEA, THF, rt;
DMAP, PhMe, reflux, 52%(2 steps);

4. Pd/C, MeOH, rt, 78%.
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Principles of Molecular Machines

V. Balzani et al. J. Am. Chem. Soc. 1997, 119, 12114.
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V. Balzani et al. Molecular Devices and Machines; Wiley-VCH: Weinheim, Germany, 2003. Q.-C. Wang, D.-H. Qu, I. Ren, K. Chen, H. Tian. Angew. Chem. 2004, 116, 2715;
Angew. Chem. Int. Ed. 2004, 43, 2661.
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9 Principles of Molecular Machines

Simple Molecular Motions--- Gears

Franco Cozzi, Albert Guenzi, Constance A. Johnson, and Kurt Mislow. J. Am. Chem. Soc. 1981,
103, 957; Noboru Koga, Yuzo Kawada, and Hiizu Iwamura. J. Am. Chem. Soc. 1983, 105, 5498.
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Simple Molecular Motions--- Breaks
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Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Principles of Molecular Machines

Molecular Machines in Solutions
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Jean-Franciiois Morin, Yasuhiro Shirai, James M. Tour. Org. Lett. 2006, 8, 1713.
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Yasuhiro Shirai, Andrew J. Osgood, Yuming Zhao, Yuxing Yao, Lionel Saudan, Hanbiao Yang,
Chiu Yu-Hung, Lawrence B. Alemany, Takashi Sasaki, Jean-Franciiois Morin, Jason M. Guerrero,
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Surface-Rolling Molecules----Nanocars

Yasuhiro Shirai, Andrew J. Osgood, Yuming Zhao, Yuxing Yao, Lionel Saudan, Hanbiao Yang,
Chiu Yu-Hung, Lawrence B. Alemany, Takashi Sasaki, Jean-Franciiois Morin, Jason M. Guerrero,
Kevin F. Kelly, and James M. Tour. J. Am. Chem. Soc. 2006, 128, 4854.

Molecular Machines in Crystals
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Crystalline Molecular Machines

Khuong, T.-A. V.; Nunez, J. E.; Godinez, C. E.; Garcia-Garibay, M. A. Acc. Chem. Res. 2006, 39, 413.
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Crystalline Molecular Machines

Phase Order

Maolecular Mation

Khuong, T.-A. V.; Nunez, J. E.; Godinez, C. E.; Garcia-Garibay, M. A. Acc. Chem. Res. 2006,
39,413.

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Yasuhiro Shirai, Andrew J. Osgood, Yuming Zhao, Kevin F.
Kelly, James M. Tour. Nano Lett. 2005, 5, 2330.

Molecular Machines in Crystals

Crystalline Molecular Machines

g Mot o

Khuong, T.-A. V.; Nunez, J. E.; Godinez, C. E.; Garcia-Garibay, M. A. Acc. Chem. Res. 2006,
39,413,

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

106



4b

da
k(200 K) -800s" ~5,0005"

A2 1
>100,000,000 &

Khuong, T.-A. V.; Nunez, J. E.; Godinez, C. E.; Garcia-Garibay, M. A. Acc. Chem. Res. 2006,
39,413.

R ANR

. 8
NH u)kcw ekt
C

OH

==
o) C. 0
OH
\ R
(i
ww ut QQ N ‘
i 1/
" N / ‘0 /) TOlE. @
o:< »

FEZ R TS, Kelly/J\fﬁEﬂféimTﬂ‘ir'ﬁJBﬁﬁ?%%ﬁ‘]ﬁ%ﬁ%

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Rt R %

—AN=BIHEAW
—AN[4188 4% i
— AN AL RE

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

R MR

R EBRE NS ERZR KA RN Bfr. BT
19594F, i JURYIE ZX B F Richard Feynmanft £ & ¥
10003% JTCAESE /N F 1/643L 5 F~F MHIR ik,  H TAhskbik 2
N—EZ R BARBEER L. FEERAMIN T ARRZIh
BROKE, PEGLREUHDEHELEHREHK. A,
LRI “BEM T BIFE&LEHRERR . SHEKHGE,
MRS TFRE LETHRENY. T2k, BRFRNBRNRLE
TEERSTHNBRS, WELKIF-ATPEREE, #HEE
WAL ‘BB BESTFEE. ZERRNEER, B
HEA90FEMR IR, HFR EREPEFBEREBRA LS FE
&8, 3H, Boston CollegeftIKelly#45% 7l i & M AT A SE IR 2.

H,N NH, R\(O OY
N o N NH  HN NH,
l = 1eqCI)J\R % + ‘N\
/N\ = =
95 % 5%

Kelly/NAF20024: 308, 7£5-F R 5 ADMAPHITRE B
AR R SO EBAT R, ORI E s
{2 “PRBL” BT IR, Kelly329iitis 715544
FRRMXHET— 3 = FEZtiE 8 n(DMAP)KI SN
DMAPZ-F& 5 ¥ H T RAB RN,

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

107



643

" 48 & 5

g 1. LDA, THF, 75%
MeO CHO (gt OO 2.7FA H,0
\©/ + ) 3. H,, PdIC, EtOAC, 99%
COZBu 4 (cocl), DMF, DCM
10 " 5. ACl5, DCE, 90% 12
1. H,NOH'HCI, pyridine, EtOH, H,0, 96% 1.
- .
2. NaH, TsCl, then NaOEt, EOH, 73% 2
3
15
13
o COEt  1.DIBAL, THF, 0°C, 98%
2. MsClI, LiBr, Et:N, 80%
3. PPh;, benzene, 89%
Cl
OMOM 16
14

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

LE S A

~v
NHAC N
p— ﬁ +
BusSn” N AchN.

NHAC

Me
0. ® ©
— { D-cro + OO FPhaBr
LQ NHAc
AcHN 0 omom @

9 16

1.K,CO;, 18-C-6, THF, 65 °C, 69%

<}
v, I, SN 26%
R

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

) 48 & 5

r 48 1

1. HNO;, AcOH, 35%
B
2. NaS, EtOH, NaOH, 90%

3

Me

Me 03 1.
O

[ —
Boc Boc CICH;CH;Cl, 78%

AcN NAC 5 Fe, Ac0, AcOH.
3.TFA, DCM; H;0, 79%

7

CHO
‘ ®
B —
2
AcHN NHAC
. o0

1

1. Ac;0,91%
2.Zn, NH,OH, 81%
3.1eq. Bry, 95%

- -

1. HNO3, AcOH, 35%

O‘O 2. NayS, EtOH, NaOH, 90%

2

o

< SINKIEEE AAE?
<+ WU RESE R REHARR?

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

108



AT

BEMAHLERVEZEIRR, WMILRMRE—FAREKR
RITEIANRM. & (R FELSYWHHNOMH,SO, M
BEBMAERN, BEEET (NO," EAFHERN. RiEHE
FRBMRAEE, FERFRBSAFL. NATERSE
(tgER) RELETH (nBRETERD , BEfIRMEZRET
LT RN . RIS B 05 4030 5 SRl R RLAR AR,
TR AREFBIMARRE. ARFERE (LEED REH
FHIE-FHEFE), ZEF LRI EFS2ETEERRTR
Bl FILIXBEY 5 53R BRI R AL

ra) 48 2

0
HN O‘O NHz 4 A0, 91%
2.Zn, NHzH,0, 81%
0 3.1eq. Bry, 95%
3 4

=2

> B-BRNEENRY . ATABIXAM?
& BBBERRE R4
& BB BETRE?

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University,

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

21

FB—BRPIF, EHBERT, 2REMERM. ATFHRE
FIFFTE, SEAMERABRENROL. AGFHERHTHRENL
LEMENT, FAKNRMEX ML, HE—ANEENEARY WS
AL AR . ERSHEANFFASHERESTRE, HH
EAb, WEE IO PR R PSR AL, 21,

FbH, WALERMER T EFERREEE. &
FA 9 H AR R 5 ¥EIE 78 Fe/HCL, Cu(fE4L)/H, 2 .

TR

AcHN ! 9 8 NHAc
3 ‘ ‘ ‘ 6
10
22

FEERMMEFATARE, TERBE R
AR L o B R P R O S B DA R, T
DA EHEAT IR

BoBERESAET WL, E22. ¥H
ISk 5% A EH DDQUA TEA T M)

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

LR

o
1. HNO3;, AcOH, 35%

(o}
O H,N NH,
‘O 2. NayS, EtOH, NaOH, 90% O‘O
e}
3

2

AT

AcHN ! S B NHAc
1000
10
22

ERE—FREW, AEFRHEe MR A
RAEBRK, Hh, EH9. 100 RSB AER. ERR
ALFE ORI 7= A2 ) o (A4 IE LA TR BB BB A
ZMEE L, WEFFMN4. EERRETRES, B
RSB RIVERA, B S SLIR BERE 0V R i
BEo AL RPN TR R R, IR AR
iaﬁﬁmmm%%TWEFWEﬁﬁﬁﬁﬁﬁiﬁ—

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

109



ART

H FBRER B4 I RIS BT Suzuki R B2'2, NegishiR M1,
FStille)z B 144545, Horht, Negishifz M5 T A TEHERE
T, TaStille R Bz A BB A B RAF RN B K. 2T
» SuzukiRBEFMECAEM, BTG RN &4 HEE,
RS RWAFRA T BNA. % FHNEEEYR
PARERERANEE . 55— 7 1BEREY AT LLR C-Br, C-I, C-OT% (
— IR sp22RALINC). R HE A BB NaOH, K,CO,,
K;PO,3H,0%, HHKHMLN (BLH) FPdPPh,),
Pd,(dba),/PCy, 2.,

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

# &

o
Br
HaN NH;
O‘O 1.Ac0.91%  _ AcHN NHAC
2.Zn, NH3H,0, 81% OOO
o 3.1eq. Bry, 95%
3 4

TR

CHO

%0
B(OH), OHC:OB\O'B
6 Me Me
cHo
29

EABRET, KellyHZEAMBMEMEC. Lhrt, 62
=R 29TFER.

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

% 48 3

Me
CHO
y 0
AcHN NHAc 6
OOO AcHN l l ! NHAC|
4
5

s

& XR—BEBENAIBRBER L, 5 HRE BB R B k% ?
< WAL AR SuzukifBBR R P, H34 6 7] AR R4 2

& 6R—AMNRR. EUMHATEREE?

& PREEBH— T oA R ?

AT

ORI B A R B R 5 & SR AR BRI T 5. FE6RI Bt
B, BERNTEENRY, FNEERER T EE87E
g&%ﬁ%ﬁm DIFRMERSE, HPEZPRARER

HRI%E.

Me
Me O
CHO HOCH,CH,0H, p-TsOH } 1. n-BuLi, THF, -78°C cHo
_ e _ =
2. B(OMe); -78°C, to rt
99% .

Br Br 3. aq. HCI, 90% B(OH),
30 31 6

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

110



Me

CHO
Br |O
6 CHO
2
AcHN l l l NHAC|

5

# &

\ RpigkfE: K,CO,, Pd(PPhy),, DMF, 110 °C, 80%

Me Me 0’>
CHO
o
O 1. Boc,0 O
—_— Boc ?00

AcHN NHAc 2. HOCH,CH,0H,  ach NA
OOO i, 56%. © OOO ©

5 7

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

B

< BEFRE, —BRBEERF.
< NHERHAET P RPPMATRRZEH, WFERF.

) 48 5

NO,

o i/

AcN NAC————— >
OOO CICH,CH,CI, 78%

2. Fe, Acy0, AcOH.

3. TFA, DCM; Hy0, 79%

o

DR LR A AL IR R B ?
BRFAMRET=A? I 5 PHIX L R A 4 ?
AT Y B B R B R R ?

> BREWS R — SRR ERE.

X3

*

e

%

X3

*

o

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

AT

AL

WP R RMENT F—HRBRIRER, HKA
BELNGRTED . PRI SEARGE, FARRRTEAE
BRMEEN TARE.

NO, NO, NO,
B —— -Ny @
—_—
—_—
HoOC ‘00C -C0 =
32 NH, N,*33 8

KRR 3218 B EAAE A ZES, XRHEIA
IR — BT 2ERLERRKNER YRR
HE—A T AR — S TR ERER.

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

111



WA

e 0 ]
a"’ N'C;I a" &

34 35

FEBRE TR [4+2] 00 B S LR 46 = AR S B R iR e, R
LR AL TR M SR i D R B, (R M & LA
TRRRE G354 BiRRg), T EREEREE,
fE A5 0k R BT B hr B IR R IR

# &

NO,

Me o NHAC
O (¢} 1. @ Me
Boc Boc T Q CHO

AcN NA04>
OOO CICH,CH,Cl, 78% Q NHAG
2. Fe, Ac,0, AcOH. AcHN a

3. TFA, DCM; H20, 79%

T, BIRE-TFTH-AHEHER.

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

% 48 6

PIRAR I 2 BEAIAT R & B 9 e R 7E B 2 Boc BRI

FFRISPTXT I = B 8 BN, I b ganT

B ojed, H=88 LRI BME, £'HNMRE
BHPN . BEAECES BT LSRR ESE, HXERLAN
1:1.

&, IREEFNEEI A ZBE R R A AT, RO,

1. LDA, THF, 75%

o
MeO CHO €0y T~COE 2 TFA 0
\©/ 3. Hy, PIC, EtOAC, 99%

1
COBU 4 (cocy),, DMF, DCM
10 1 5. AlCl;, DCE, 90% 12

o

& BB R ARM?

& BBTIPH, TETFAKRMAT, B— A REERFKE?
< EE=PNEREZGT, BEBRRETSZHM?

< BB R E RRE L

» B — R T HWHIFriedel-Crafts X M .

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

AL

Kelly/NA 1 8 2 23848 B b 18143 63347 I BUR B2 A48 48 R 835
B, R H RIS TEERNRP. WD-ARBLHI BT
BEE, FREEBRILUMOMIESZE RN, BXLUMOSH
—RYIMHOMOBERIL R MR B RAE . TENREFHERT
LUMORBSE K FRAK, i ZBREEN R 2 -

(o] MeOmCOgEt
CO,'Bu
38

BANX— RIS THEERIINERA TS F—52
—AHL R [\ Horner-Wadsworth-Emmons [z 3, i[5 T4 g 1
FBUNTESE K RHE38 (E:Z=10:1) .

BBIKIBHTFARM T, ZEEEHAZEMW, XRETE
B AM TE/KENVENNRELO-BuE, TEMRKIESR
F, XWTFZERUABAER.

)LJ<—>()LJ<—>Y+ 1.,

42

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

112



Meo\©/\[002a
_cl
o C

FERHERNERES, REMRBREAZEmN. f
ERERFHE, BSEALAIHZXMEEN. EHEL—
MBIF R R ABES R, Z BT RMBREL DT
REEE43. )5, FEBRLewisBRAICLEEILT, RESTFH
RIF-CIRBI, BATH, B15.

WA

MeO\E:Q/COzEt

NOH
44

B RN ERIBRE R N ARG FE— R SR
KRR, TR EMASER 2 B BEER4.

BB RNY, SHANaHFMTsCPEROHEILA BB EM0Ts
B, 25, EEARERT, KESemmler-WolffEHE.

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

# &

1. LDA, THF, 75%

2. TFA, H,0

3. Hy, Pd/C, EtOAC, 99%
4. (COCI),, DMF, DCM
5. AICl3, DCE, 90%

MEOWCOZB

o
12

o
i
Meo\©/CHO (Et0); P\[COZEt
+

CO,'Bu
10 1

AL

COsEt
Me0 : MeO COE MeO o COEY
—rUT
\ B
N\X . ase N)
46 H X HX
a7 “

MeOCOQEt MeO. ! E CO,Et
N
W

NH,
49 13

A HE BRI IR o IR T AE I 7T B it
MeO.

50 N

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

9 48 7

MeO CO,Et .
© GRS HoNOH-HCI, LB, EtOH, H,0, 96%
2. a) NaH, TsCl; b) NaOEt, EtOH, 73%
(o)
12 13

#r

> F-PRPBOAEE. HREERARMGA?
* FPR-ARREHRM.
* RET .

R

Beckmann E#:

Bamberger EHE:  w™ NH

@ - ﬁj
— " -
®

Wolff E#HE:

|
€]

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

113



TR

Q R
R'CCHNZ— R_c_CH=1¢J=1;1 HRM

Ag,0 H,0 |
RCH,C-OH

Ag,0 ROH
RCH,C-OR'

(o)
A0 Ws | RCH,C-NH,

% 48 8

MeO COEt
2_
NH, 3,

13

20\”/[ l CO,Et

omom  ©
14

#r

> ZHYREMEFALRDL.
* PP, BEELERMLANCL
% REEERI LI FEE AN AR ?

RS

e BER—PRBEBARE.

Ry

«

Basic Organic Chemistry - 2, Jian Pei, College of Chemistry, Peking University

Advanced Organic Chemistry, Chapter 9, Jian Pei, College of Chemistry, Peking University

a
- KOH, Br,
" — >
¢ NHz  Hofmann 4 ’(Br
\ 0
i P Ny A 0 A /C/ H0 A
3 4 2!
N TN,

¢ ¢

Curtius ~ b, A
Cl1 ¢
HN; . /
Schmidt Lossen
o

NN
a a 0

A Y // base
3 ik oy
L OH ¢ N OAc P NH-OAc

Migration from carbon to nitrogen occurs in the Hofmann, Schmidt,
Curtius, and Lossen rearrangements, all of which proceed via an
intermediate isocyanate formed with retention of configuration in the
migrating group.
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1. n-BuLi, THF, n-CHyBr, 84% 4
2.Bry, CH,Cl, 83%

HCIIHOAG, 2:1,120°C,
16 h, 95% O
1

NIS, CH,Cly, AcOH,
0°C, 2, 92%

1. Pd;(dba)s, Cul, PPhy,
Et,N, THF, 40°C, 10 h, 87%

2.1)LDA, 78°CA h.
)1, 78°C tort, 76%.

Q ___S_1.DMF, POCI;, DCE, reflux, 5 h, 51%
R L7 ;. car, pPn,, bom, 0°C 1o, 81%

3. n-BuLl, THF, 78 °C to rt, 86%
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1. CBr,, PPh,, CH,ClL,, 0 °C to rt, 89%.
2. n-BuLi, THF, -78°C to rt, 84%.
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0o Ph
= I, NaHCO3

- 5 \ /) Ph
MeOH, CH,Cl,
MeO

ERRIS R P EAIM PRSP, ERREUFRFEELH T HA/MARENE RS, SF-LR
FAERMREM . WTRAHRREDR, FERHHARRATUNEL T, BESOBREWSDB.
FIEXREMAFEEHLERRPNRT . BLFHDROERN=ZAREHUER, FISRE
RRHASLHE TREENT705. FIUEFRRBAE LBLREG? B—TRERET . ALK
HRETREREH CRMEN, TRAFEREFALT, WSEFRRKAT R,

iRy, RESLEBREIMALEN, RR=SAEEDRERERIE— TR T RG] . 8
> ERELFRUNMILKT .

WV, FRAFHRK, BRIERETHXLASELER!

RAEX2%, MESEANIEKR, HEHRIMNGEYREURE, BRMITETIEXERENT, REBY
T4 | A AEAR 24 K BT K

PIZEX3: ZERIETE, FNIEXLBEREE RIS RIRL, KIEY THREMEREETEEY, #
MH—AMUTE LB T BN RIS R e MR RSR
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