BHEHE

AP B R A HACE RIAZ O, 5 T G I B2 — AN AW OR R &R R
PUER R o 2200 S SR AMY REEFE M AE IO TS 1) 5% S 73, 1T ELRE B $E TS WAL 22 1)
HREAESR . E N H AT LB KA R KRB BRI R HER, XTSRRI e R
B B A0 5 5 3825 ) R VRS 5 B NFEACHETS IR X, 2008 B 5 A WAL 22 0 ) AL . AL
5 A AR B SR e R T LR BNEALER 25 2, 17 ] PN (9255 R e A28 e REATLER
Hbt, FTUARRATENEE T IXA (The Art of Writing Reasonable Organic Reaction Mechanisms),
PRI RF BB EURA I E 2 ) IS LER Z 2% 4

Af—3tE, RO AR NS T5E Rk

FE: fmEl A g JE RS S 51 TRk

HoE: 14 mEbA Bwd IR R R

BE: 1w YRR TR S 1 TR
W=E: 13 mEbA EltE AR S S T TR
WNE: 13 mEbA i dERUREEEE S 1 TR

FhE: 13)mEelE HEE WL RFHER
FNE: 13 JmERlkaE iR JbRt R S 0 TR
Frm: 13)mEelE HEE WL RFHFR
Jap: 14wl Ad fhig ) e REENEE S 1 TR AR
T UL, BT R AR /N B 58 i, i DATRH 3 R R S 20 5 KU A
WA ESH AR, BRE W, HHh, —EF @R T8 E S, AT T
e R ) S AR R AN HE R AR, 1T BB A B TR R AR I 9
P MR 22 R0 T4 S BRI R T sE I, SERTEcg, 5 E 4Bk i
K& Z AR K . AT BEGREST, XA DRI R 2= 2 e, AR 5 £ —ieE
AN —LE R o (R, Ay BE 45 i B SEBE BNV A AT 2 22 2 o 2R kAT TR AL 2 ST RO B0k b
R SRR T AP R, BR T 2R RE SR L 35 B 2 A PRI
RS RF A XA RN, $iE TIEM 2014 45 1 A 4G, T 2014 4F 3 A4,
W, INWAH, Ao, mEAKPFAR, AT RS SR, W RFK KM G
RERE ST R M IE AN AT, FATH AT, R )83 X AR . HEFE 3k gpei@pku.edu.cn
TR /INH A B 38 J1 G AR, R S L RS A S o LR A T R R R
H RN TREAT S R AR, B o0 IR T 2 ST SE 2RI B B S 2 Gk |
Art B3N
2014 4 3 H



mailto:qpei@pku.edu.cn

BHR¥ERF

XA B A B R 2 W IR S AT HLR S AL

SRRV AR — A e BRATHI e R VHARTE 4 2 LA T AL S I T A v b &)
BAEAR— T AR W AR A0 ] AL 083 GRATSRHON— D e IR B o AR PF AR
RBEPEBRAEEWM, TS, R, RESE IR T L R
PREGVF 2 — AU R A S8 TR (BRI, AR i a il CRIFR R4, E i
ARG (RIS FUREAFIBBUERE (RBGERD) . B RTAN T, WAL RS
Ak —2%i%, FIR SANEGR AT Rk, — SRS IE— DL, A5 —A H Bt
L ARMASE BEIALIEL b 3% 501 5 B AL L

FR LS SRR A EE, KDL A LSO ) iR PR B S o 34T
AT BB AR IFICAZ A A ML 2 SO BRI AR 4 2 S L, AT EA 173 9 LRR a7 B LR KIS
BIEAAT o W — DR T A PR UM HEAT (UL, 575 BT S NI A A e AL o

AAS Y HEAAE 55 R AL S — T SR SR RN 5 R I S i e o i W
(SN LB . A3 T IESCRHE 1 WK S NG@ AR R S Bt H 5 o X RERHLEL Y
PR EUHE 5 78 MR 78 B ) R o S0l 1 IS 58 UK SE U IR e 5 AR R & H IR 2
LA SO E R AR IR P2 A R R AR S B TR IR EOR, RO ANREIEHA R 2%
PEAT AR, XLV 2 25 st R X

AR, RRE BB —HRRNBOE, KRB HE SIEE R MINAER, HAFER, W
BAMREE, 5 BNARFHRG], 2G5 2 A EEE T IZABTHE I .

R JE WA VFZ A 3235 RES: ) 15 S BRI ME— Ty V2 B A 5 ) il ! n AR AN S 1
R, AR AN BT o 1) R SEE P 5 BUXE NS o V720 D () S 7 e i, FE SRR T
Z NG P B FH0E B T30k BNt r M EURA R B AR B T 2R
USRI E AR R A L A &R

Yl % E % R E Springer-Verlag W F A At R # C http://www.springer-
ny.com/detail.tpl?isbn=0387885409) JCFiinZeH. FE4NZ %2 PDF 30T 15234 vl AAEATAA
-4 I Adobe’s Acrobat Reader 3T EFE M Y .

AAR Z—/HH (http://lwww.adobe.com) | NEIFEF . AN ZF 558 X 4 ) i &+
SEER. HORW AT A (g S IR I 2RI/ RE OS5 — 3R N2
AR o 5 SR SIATL B A2 Bkt o SRR IR I B 2 SR AR 1 IR, T LR R — e EE AT
W0, RIEH R WS . WRARARRE XA E S R MR, REA R RerE % ik &
B RN, RE AT ReAEE N AR E B RO N R B O ke ?

AEBONEEE D3] T AR REA LI o B3 NS AR LB e . SR
FHIARAE N S ERIKI T ARA T ICAESERA B BRI SN, BRI —E H T
Bho WARAR R BUARLE R HLAC S A B D) B0 99348710, R ANC A VF 2 M, RN


http://www.springer-ny.com/detail.tpl?isbn=0387885409）无附加费用。详细答案是PDF
http://www.springer-ny.com/detail.tpl?isbn=0387885409）无附加费用。详细答案是PDF

[F] 2 A2 ST aX 1 JURAR o I AN 2 B CERANE, DAz A4 2 N iR Pine’s Organic
Chemistry, 5th ed. (McGraw-Hill, 1987) and Scudder’s Electron Flow in Organic Chemistry (John
Wiley & Sons, 1992) i & A 45 75 45 @ kb 78 N 2

IASRAEN T a1 B AR BRI S S SR o 32 AR /D> S B SR PIEII S i FD 7
Yot AR B MBS (BIE S0 % rp AT S8 T BOIE SE BE RS S HLELD

FER A TE A HURSHLELRT, /R B E e ARt a4 R G IR MR, AR R
JS2, B 775 A ML T 0 SR 2R P At R A | Je 27

BRA R A R T, AR TSR A . BB AT BN R A R E T
Chttp://www.chem.uky.edu/research/qrossman/textbook.html) &R K BEE = AR B, HEER
F (rbgrosi@uky.edu). AT BETE H R BV R A RS 538 2 F S AE M T L.

G AR E RGBS AL 2R 2 A S ST AR JE 2 R AR X At AT T B A
KIBA AR, JCHRHE WAL TAE . X T A2l i 2 A At 7y 5k
e

AR BAS T i &
FTHEERM, 5502

2002 £, 1 H

JPRInACHEY RO

Fi BLEC W HLELT)

s L R AN
LA -
BLEAR
Tho Art of Wring Reasonable Organ

Reaction Mechaniams
(3l Do )

Rete 1B Gresanen

REMCHE

P aosna


http://www.chem.uky.edu/research/qrossman/textbook.html
mailto:rbgros1@uky.edu

1 ZEAfER
1.1 B EYIRSEHERE T

MARRZERHRFHINES, WA Mg —R AN SN S LR —
— A HUACEBEE , AL SRR R 2 1 S8 1718 G B 1 O i AGAT A —Fh s 5 —FF,
T S5 ANSZ, 2 IR AL A0S &0 B . AL ERE S A R E
ok B N FEUBE R tetn, YRR A AR MEFEAE A4 RCO2Ph & i A — A fir 28U iR
TEMIIES, SR RSOPh & A AN AL AR T IS MM S, B8 A4 HemiA
FERFRIR. BRI —m L, AYLESFEFEA MRS 50, S SR EA X
M. (PR A2 IRy AT EH walk, WifbaiidH walk 4?2) Bbak, R /RAE
ERAT VR SO HLEE, AR PFIEE . dEEMDOE— A AT E (LbanS AL, I AfRD
INEAR IER AN B R AL, BRI 242w E5E. EANABERNE, KER
BB B HOTE TR 8 AR U A ML A 1 — S R0 A5 51 o B e R 40 N 2R AE AR DA
AT AN R Ca 2 i, (HEATEESEHT.
1.1.1 BELEHRBRE; Grossman LN

MEFEN SR SN, ERAmE T LA E a2 O, ERAERE T L
AR T kD) . AEREICENIAAE, X — L E S

*E AR, AESICREHRANERE T 5T ST REHESHT ERES A RKX,
{EIRAR SIS 7 8A | SR TIRECE TR TR el FTL, FESRE—E, N Grossman #i:
Az IC A R B O BHE R T E B S SR T . EmX SR T LR /N AN S 1E PSP R IR
Gito JEWNOICIE 3

It's easy to confitse these structures ... ... but it’s much mere difficult to confiuse these!

HyC H HiC
— = Voo, Yon,
H;C HiC
AN ETHE LN — AL E AR SRS T8 L1 Aryl Al DR
B, POPARHIAREE, sl ANJ7 R, WIMRIRE . ENE ot mg i . Tosyl /2% H 2R R 2
(4R, mesyl & HIEMEIE S 465, 1 triflyl 2 =5 I 465 . TsO'. MsO#il TfO-
Ty W LR R AR . PR SR = A R R S A
AR . SRR Ac U —MEUET) R ACO (AW T), B Ts (S A AR
T M TO (FH=AAET). FFEAZEIRE Bz CRFBEFE) 1 Bn (F3E). (HXCHEThH W FE Bz 5
Bn.)

Ts— O TsO— O
i I

HsC s HaC IS—O%
0 0

15t B TE IE SO 55 B 75 A B 2l 22 2R VR R A2 — e bR S B A BRI E AR
Sk,
* 5 WA . BN PS5 ERAEL, REZiEANFFEMR (RSOR) FIfiE (RCOR) HIZEH .
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J‘L i \\S.'
RCOR ketone R R RSOR sulfoxide ™SR
0 0
)L i
RCO,R ester RSO,R sulfone R~k
(0]
J]\ \\Sf/
RCHO aldehyde R q RSO4R sulfonate ester R NOR
TaBLE 1.1, Commeon abbreviations for organic substructures
Me methyl CHs— Ph phenyl CgHs—
Et ethyl CH;CH,— Ar aryl (see text)
Pr propyl CHsCH,CH,— Ac acetyl CHsC(=0)—
i-Pr isopropyl  Me,CH- Bz benzoyl PhC(=0)-
Bu, n-Bu  butyl CH;CH,CH,CH,— Bn benzyl PhCH>—
i-Bu isobutyl Me,CHCH,— Ts tosyl 4-Me(CgH4)SOp—
s-Bu sec-butyl (Et)(Me)CH- Ms mesyl CH380,—
t+-Bu tert-butyl MesC— Tf triflyl CE3SO,—

SR A RS T IR FIRHE A 38 N EE SR A P B s AN B B T AR 45 1 %,
T R B AR AN B RS B R XTI 15 1) R o A I 0k K R SR RN RS 1V FH 2 — FE I, (R
MNTHH N SR IRE 0 Wi BOE s CRLAnfE s ), miAGE FRE RS
PR o 55 A A BRI 2 LA R O AP E TR L AL ZE AN R4, EE AR oo /Y
BAREAR AR, ARHEEIR. EIEE AR AR R B 4 B2,

Me Me Me Me Me
:R “R "R R :R
R painting out of R pointing into R pointing in Stereochemistry
plane af paper plane of paper both directions of R unknown

FH AR B3R 2 P B ) DAL R T AR IE o« AATTIE W DO BSR4 X S AL 2, T AE
AR SR 2 TR A M0 — o 5 U RERARE , W AN 5% B i A6 22 5XAT AN TR
Mgt A0E, XA A NIRRT A RE I AN RIEE SRR TR s

==
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R R R

trans, trans,
trans, enantiopure enantiopure
racemic (U.5.) “, (European)
. ’ ) R

R R

1.1.2  Lewis &HR; FHIRA
Lewis 50 S 5 BE SIBERC ATRAEF O el 17, X BEEAFHER —R
B AL, ﬁﬁﬁ/ﬁ%?’km%‘é Lewis 5 f 20— AN S04 . TR TS iR R
ﬁ?ﬁ%ﬁ= (LEMMZHETED - (o 8 o 8@ EE) - CGRICHNZH 450
REANARAEEAN, HA SR . SChr BB AE s fe —IRE k. ikl 7@
HIOMRE, ZEFA MR, SEFR, SET—WR, dad@w il A e



i o URE B AT SN B SR I, AR AT DASERIR e A e . B, A
EA VIR E LT, rTALRI e e GTN-1. F ISR s TR 1.2 5
13 %, EEmmmmaR LU ERARaIEL AR IR, BEREE THRmT+2 1
A AT

TaBLE 1.2. Formal charges of even-electron atoms

Atom 1 Bond 2 Bonds 3 Bonds 4 Bonds

C o +1 (no Ip)® 0
—1 (one 1p)

N, P o7 -1 0 +1
0,8 -1 0 +1 0or +2%
Halogen 0 +1
B, Al 03 -1
Note: lp = lone pair
*Carbene
TNitrene

#See extract following Table 1.2 for discussion of S.
$H1as an empty orbital

A VYRR AR R T R AT IR AL N BE R . A PR AR e — AR B PR R (gl
DMSO, MeS=0) H —WHI F 1 A T A, AHIEAG DUAR SRR VA PO L
JRFar+2 R . — AN SE SR R 5 %A IO A e i, sgo%
B OARBPBEE . JFaA X TmAEE Lewis 858 =M B 58 & 11 18

TR R 2 BT AR O T 02 A SR R 1) . SRR 2= seAf b, BT M E TR
G GRS MR GRS W5 LR UHAT, Ll NHg , HsO* Al MeO*=CH2). £ H
ff o] SR A AR S S H B SRR, (HEA IR R BIPEFEA T S . B, NHg 0 CHs i H G
i B IR R A, AR AN 10 s SV AR AN

T BRAR N AR D6 20 A WL PR 5 B AR, 0 e R L T RN SR L
i AT =LA

HUOEME (A R—MoREtR, —REeRMEREEAT K.

TR N ETF RN BT R BT, RERBEE G TENZBETD.

SEHRMERE MR FRAREREN TS (5 S EMT SR EM).

TaBLE 1.3. Formal charges of odd-electron atoms

Atom 0 Bonds 1 Bond 2 Bonds 3 Bonds
C 0

N, P 0 +1

0,8 +1

Hal 0 +1

*EWARRIIR . WOEME. SlTiE. SRl SRR AT B, AREESRIR. NHe 5 CHe I iRR
TG A ER AT, (HE T BT, ZURTEA . CHaHl BFs H [ 5 7 A s 14
BAGB T, BERE R . BAMETFRABIEE T EE T HEA A, (2 BHa M NHaH =R
EME T, FATO R THGZ \BE{K. CHs*. CHsl A1 H.C=0 ik R T-# B A IE vk, ERA CHs
BE 7 AA BRI, MeO*=CH, %R TH — AN IER AT, (HAGRBMERZRE T, AR
T

XA —A o B4, w88 5900 B 11 20 A1 07 XA VF 2 M. X LA R IR 23 A7 77 20RR



NFARA SRS AL EYIH 2 Fidiid . AR TSR KL A — 2
TR, (EAE AT AN A LR AR SR S5 o T8, ZRBORI RO R 7 7 1T 5 TP B,
WUBAET —FiE S 4, B A FIR A P, 752 S AR Y SRl R IR 7)1 25
HEBEIE. S IR E MDA alE, JFEASAER B —Fh9E 57,

— MU E P ESI BT A IS DU P A SR SR GERARL) . BRI
BRI EAE A AP R EE . PR AIIRABE oK PR 2 18] P 7 Sk
% (o),

A RIRIR : WU Sk SRR R . AEHEE SRR P S § kTR (=, 2R
LA BRI . FHAGEM, SRR ML E DI 2R HIE . AR IR AR Bl 7
T B . ANEIRE LB .

Diazomethane is netther this: nor this:
_0 . + + L

but a weighted average of the two structures.

KRR EILARANT T A DT 0 AT LR IR 0 T = Bl R = i 2 i AR e 1R
Pt S Lewis Z5F3— .

LEZAMTER (B, C, N, O) MM ZHFHARe 8 CJ\BEHX T 51 P 8 R 1
FHRTEALZEH, Wi, B, FTEEEBENTEEARNER.

2.5F WA RN : TR T35 8 )\ B A 3R LT S 2 L& — A s AR
R RA R E M. HAHREMRET (CB) AREAFEBM T, mAREE MR T
(N,O, %)

3. LA 7 T P R =l b I o e O A R R

v/ /(R = I 7 11 RN 3 VA 570 S = T o o RV T ¥ i

XA U 2 R HES . i MeO-CrHoe>MeO*=CHapo 55 —ANILR 20 TR 1k
GRS E R, FOARTA IR0\ B G 2) brr = iy 1 sy G 4)
FEE, FHU Me,C=0-Me,CH-0-Me,C—-0*, 5 =AM IR A E AR, Fye i
PR EFRAS T AR EERRTE A, BRE AR B 5
R 3), A — AN 7T GRIN 2). BARE, 55 AN SR 2R St ik 75 i 3k
AHTEA LTk,

A UL 2= AT )R AR o 48 50 B BAE, o BARFRAL. W
AR o BREARE, IAXHANERARER N FaAE, maERA.

B 5600 T 1R FIE S 7 IR T IO ] Do e s w B 7 o
ML S 3 o VR 2 R A FH N R 3 H A AR AR A [V R B MR A B P i 0
IR R LTI
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MeO—C\Jr - MeO=C\ MeQN—B\ - M62N=B\_
H H Me Me
-0
C' N A\
but not N—Me «}{» N—Me
4 /4
O O

RN : DTS — N TR R RE S AR TE R -

Bk RE A A FIR AL AR T, A 3R I TR TR B . B 5
A E G FE BT IRE AN EE AL E RS E] 51—, PUVEIERL S YR AR 3L
IRAMTIBCT 28 o 5 Sk w] AR I ARAE 35 3R Qi R b Zd sl 7

KL o BADERSRE TR T o SRR ORI RISk 7 R b, RGN n
B, 0 o B AR T AR . [FIREH, SRR L AL !

H Me H Me
o= <= ot
+ /\J \ /i \
H,C Me H»C Me

HEE o ATER A d2. B hERFRE TS o P DN AT DU RGN o
IH 8 (0 55— AN sh 2 55— AR B b, R B . XA R B A
i (I AZAE o

H Me H Me
= - &
XN 7

H,C Me H-»C Me

Half-headed arrows (fishhooks) are used to show the movement of single electrons.

KB G o BATEIFA IR TR T AR o 8, o PR s
K5, TR IO B o A7 IO L BT ] e R 3G A

Me H Me H
\ L\ / \ )
— C C\ //C C\

0 H O H

FEF TG AR, USRS T IO LT R 25, 84 2 S48 s ) 7 2 r ] A
N FTEL, B E AT, AR IS HT

I EAAETF, o USRS, ACH IR, BRI B IO T
B PTG SO T R TR SRR AN R AR, (HEATRA R RIS .

B LR AT R A=BoA-B oA Bt A-B ~ BHREETE KB R H m 4



tho A RRBEI AN R ANFI B B LR AS 1 S SRS T

A Me Me ~ Me Me
o= <= *0i< O\/=< ~= 00—
Me Me Me Me

55 HHR A I SLAC A PI2F F «
IO L7 BE PUE A REAN 5 B IR o A AR o SRR SRR AR A R

il
O~ % O~
\ O:<
N / H +N= oo

Z 5IARM P AR AL ACEAT AR 1 i B8 R e ZEAARD, 2L ar (1 5 AT
WEAAA

> WARRIRR -

YU BRI 5 B 5 (Pin e dh) WA A i rsin 8, Frelelifns 53k,

SAPEIR T (RO BAGE R, EATR S A LR AR FAEZ, fitkrR T EES
BAFEZENTI BT, BT R, HEN RS2 T HE.

An electronegative atom is happy to share its ... and it can give up a pair of electrons if
electrons, even if it gains a formal pasitive charge ... it gets ancther pair from another source ...
Ci'o'Me +OMe :?’7 :'cl)':*
L= AT N
Me Me Me Me Me 8] Me 0.

... but it will not give up a pair of electrons entirely,
becaunse then it would become elecron-deficient.

:NED N very high energy (bad)
)L - /I\— resonance structire!
Me Me Me” """ Me

R — A CLIL B\ BB R T — s, B e RS A IR, AL AT 5 e
B MREE. Han, EMEAT (PhCH=N'R-O") RUR T2 )\BhK. 51 A AI00 L3~ 77 LU SKIE BT i)
FEGE, (H BB B AT RO HA Bk L, RUR TR 4\ R i HLATY 1 A IR U

LAY, TR, BrE TS HAAR R T B ASRET B, BRARH T — Ny )\ T ek
ORI (Bredt U . & A X A0 n B AR AL S VIR TTIRIR D o

Problem 1.1. Which of the two resonance structures is a better description of
the ground state of the following compound?



Problem 1.2. Draw as many reasonable resonance structures for each of the
following compounds as you can.

O%
Lo O e

H,;C

SO e [ A

H,C

AR I8 2 B A I B R O 9 a0, PR ) PR i a0 YRR R e
SRS, JEESE BT AL, X AR R TS R R

BEERS, —MEAPIRRREEIIREE, IR ERL.

MEE—AERH 5 H SRR 0 T B S HLEE7 B2 0 SRR 7R ZE A 75 T Y
$ifiE, Daniel P.Weeks i (Pushing Electrons, 3"ed (Saunders College Publishing, 1998))
T — 2 = W R I RIS L B 2R 5] .

T B 1ot vy ik SE R S B A LD A A I o FE AT R, B AN T e 78
WEMHETAE (FHRREHEXERRN 3d HuE) KA 8 ML LB . XN EY R
HIRARAE 5 51 EIRE: el DMSO F ok 5 EHARAL, AR H A A — X 7, 1
PR B A 55 i F 1 o AR AR 2R DUTE 4 M IR X S A S TS, (R ALK
AVRMESCR A1) 215 EAR MBS T, MRE R S=0 8k P=0“n 8, ZHNEEAINNED
AP HRESANETLLL, REI ARG o .

G {61 G
§+ e g -+ - P
e PR <N R
Ph” | “Ph Ph” | “Ph
H3C CH3 H3C CH3 Ph Ph

113 ZoTFHER, RMPUEER

TR AR PTEVENTRA IR RS S HLEI DA 20055 J& A ML ) =4k 45
o NPT EE RS BIAR VY, 275 8 B S N 2 [ SL AR PRGN i RS s e A G 3, [
ZIRER

This tricyclic compound ... until vou look at its
looks horribly strained ... three-dimensional structure!
H

Hhm[ffffi;;;;l Iijnggii:j[:I{
ENa H \
H H H

AN A ZEE A UE B KR S B 0 1 AR AL PUE B A S R Lewis
B 50 THPIEHIE (MO) Bk, Hsg e RB IR SLAY M 4778 SR . RSNk,
AN Z I AR E R A M 5 S B, PO EE TR 5 N, o HAeve
RO R )

VTR ARNPE IR Z |, Jext o FHUEE IR BT — MR E . DUF e AR
L EVEHUBERS, TR 2T U .



R IFRE RGP N, Selt— EMPIERT, AT ER SRR, &
Bt B H e/ S BRI AR g it e fRE o8, AR 5 — RN U B L
By BATHRERR D SRR e S AL LR B 7 (0 B . [RIRE, 455
THAL ETCVERE LS s MEOEAS, — PR “BUE" ) e& SO TRl e E X DA 2 g
BT AR FOERIBEAR R o B 2 (8] h 2 — S B T SRR 2.

AP AR R OIET (C, N, O) AR THIE (AOs), 14 s UM 3
A p BUE, FAPUEEIFTIAN 0. 1802 MHT . s PUBT BT REEIRT p BB T
s FUERERIEN, A1 p PUERLMAEKIF HAELIEAR (BENFFAES). 4> p JUEA
PPN, AE5E SOXEEHUB IR B0, —PNEIRIERT 0 (B, A ADBIRMEDNT 0
(F0. B ERIEANE S Ha AT iR )

s orbital p orbital

N
o in this region of space, solution to wave equation
has arithmetical value greater than zero
spherical distribution of
electron density;
uniform arithmetical sign

in this region of space, solution to wave equation
has arithmetical value less than zero

-~

BEAS p PUBSBIR—FILL Xy z HOAH ORI AE, BT =AY p PUBMH L IER,
ECR = p BUE T T R I 252 D EIE R 7 70 A7

Three mutually ... squared and added

perpendicular p together give a spherical
orbitals ... probability distribution

JEFFECE R TR B d 5 fHUE, (HXBEIFARE.

BN IR PR E ST, TS ANE T, SR TR S BT mEx g
TR . IR T oA 5 RE R SR T BUE A (AT B TR i A (R ARE (B A e
()RR EL A PRS0 o Dl 0 e AR N S5 AR, AT 75 280 P8 R R 8 AR
TrFHUE (MOs). BBEPUER I FHUEAIN (RSN 87, seER TR —NEH
JAFHE . EEPUIE R R T HUEAR G A BN 07, e TR dn T s .
HL b, SEPUE AT E TR T B LI IR E T

O (b — antibonding MO
ﬁ;ﬂac;‘ / :‘

)
—A

Energy

©®

A0 T A0

@) ‘. bending MO

A A TPRAN JE 7 U B2 8] o 200 R I e T TR S AR 2 WD ER R M, AT
PUBHGA 1 IYAS H TR B T R Ao A BT PUEAN EAE R, 15 BI85 RE A 52K
FA DU L RS TR R R A o i AP A BT PUE AT ELAE 25 A THE, =AM T4
EAHEAE G =A THUE, DLRHE.

PR PUEA AR, AR T PUE A A, TS A AT DABE N B
PG, MRS RERRT ARIEIAT, Fro =4 TR A, WA R T HUE AT



ST, WP T HEA B PIE, S TR RS, ERER R T ARIEA AT, A
JAFHEHET, A RE R

EB Both electrons decrease in Tweo electrons decrease in
z energy upon mixing of AQs energy, two in‘creas.e.
= to form bonding MO. Overall there is an increase

in the energy of the electrons.

T M TN IE B B, — AR BT A T AT
HREHEA L —AUE o ZJE AR PLIE S DA 5 i I HUE AR AR
TR UREE . N AR, R AR HuE, B BUS RS

875 CHyo WERTAL A — A s PUBM =A> p PUE S VUREE, IBAH R 5 HAb
SARAFE . ERXAESLIAR L, K2 EOCT CHa 2 YR I e 1E B DU AR B 58 4255 R . A
Moz IXFE? O RIR G I DY A PUE Se e Al 7], B I (K DU A S 7 B A2 ] 2R 10 K o
B VUL AR BB YA PuBE L P e e, RIS FH R TH0E, R0y sp?
AAPUE (PSRN IESH 10 s S5 =14 p o). DA HUBEAR NS 2 BT

FAT R 201 5 T DA 23X AN BRI 73 A R DU A sp3 2 A BLIE R, DU AN 42 1E DY TR TE HE A1
sp® hybrid orbital; Tetrahedral array of sp>orbitals
large lobe is used in bonding (back lobes omitted for clarity)

JEFRIE o n] DL IR AN 7 52 . — A s BUERIPIAS p PUE 291k, A=A IR
i, R p FUE; XA REPARN sp? Jetb. WAL A s HUERT A p BLIE
P, FREEPIAREIE, TR p PUE; XAFEERON sp b N EAS,
XA T SR AT

sp3 Zfk: —AS s HUE S =A p BUE T, PAENASRER AR sp3 A+fLBiE. U4
BB 7> IR 1A 1L DU T A DY AT, AR LIRS M0 109 34> sp3 BB RERE M s PLIES]
p PUEX NIRRT 3/4 4L

sp2 k. —A> s HUE 2 A p BUE T, PAE=ANREREAIFIR sp2 ZLHIE, FIR
AR p PUE . X =ASRAPIE S FE R IE =M R =AU, Bk, kA 1209
RZ H5HAH) p PUETE B TARAMCIERTET . T4 sp2 2L PUERIRERE M s PUER] p 1
TERXANE IR 2/3 4L

sp 2tk — A s PUBEA—A> p PUB-TIL, A RERANSEN sp 22 L HUE, FIARM
MK p HUE. PIA sp ZAALPUBTE R f108 1805 PINARS 54K p FUEM HIEAS, [F
I S UETE HAEE . A sp RUPUERIREREREN s PUER] p PUEX N
P E k.



— 3
h = hybrid orbital. w Ssgz
p* and p~ = lobes of p orbitals. * 0 — £
. : ‘ -/ b3} —
Back lobes of hybrid orbitals “T{ L%-‘ sp

omitted for clarity.

sp? hybridization sp hybridization

— 8

BRI 2L OB e Be . Fsz b, sp®, sp? Al sp 22 b BE H MG B A i AREE . 4TI

P AT BAZE Lowry 5 Richardson T (Mechanism and Theory in Organic Chemistry, 3rd ed
(Addison Wesley, 1987)) k3.

JRFHIAATE T 3% NIRRT E . AUERT FRIE R o BEBUFEBA S5 R IIT
XPHLFs p OBV RRIERL o B S S IR 7, I Bk FE S H0E. T
EJRTFRRMIER, THEAZ SR BT 5 o 8 GEEIZE T ERD WBEA. R
AR 4, MXANEF2 spd 240 W EAE 3, NLE sp? 244k, Wi AE 2, M sp
FAb

Problem 1.3. Determine the hybridization of the C, N, and O atoms in each
of the following compounds. (The black dot in the center of the final struc-
ture indicates a C atom.)

O — O CH3 CH3
f / \ N Ph /Illt )\ J,\
o—? i ; ~F Uy H,C“+>CH;  H;C7  CH;
F N H H
H,C7 TClHs
F/ \F H i

HURERE AN IR TR AL DU, )8 p PUBE S SR PUB RIFFE L. — T 1%
WA AREME M E IR RS B o 3K — ROREAE BUE R
114 FHEMH

— YR AR R E B R e T, XS EAT AR SRR p BLIEA . X FE
ML EIRIAT — > HOUUBE SRR (3, IX ARt m] DA 32 5 F) 0085 A IR 1 B BUE
MR AL A RAEIA PSR R P i s XN . NI SRRl Ae e (SR 2
PN A B TCHAE SRR ELD, X 57 & 1k o I SR i X EON R EL WS PR R AR e
KRR TTENE . WRAE S PAAFAESS LRI &R, IR A AL ST A PRI IR, 0K
T SRR T BVENT .

FR G RR T EEY) . ERT, SR TG sp? 040H), WA PN EE TP
T p HUiE. 64> p PUBILFRIARIA ISR R, SABETRER p JUBRA T,
FrUEAR R a3 =X 7. KD 3 2 AL, HORRAA 7 & k. FsL b, RIRERRAH
C=M CERIAML K 30 TR/EEK.



H

H

EKHEEHZAERTTIE, VT2 A PRI R RT3 AL Hi ik R #E A
X HLF

Some arowmatic hydrocarbons:

O o KD O

naphthalene phenanthrene benzo[a]pyrene azulene

R WEMY . BECRSRTAEEE ARE J7 3R K] 7o Hhrp—ef 50 (BRI, MWy Mg ) A
M2 T 07 R AR M T X o, A S5 e 2 B 1 F AR A0
LYo R DUIE L 2 S0 HL 7 R 25 7 X 2% 1 S AT SO S i SR W 2% Ji 1 1 55 8 A 4% ik
T 2% LT Bilhn, dn e T R T e IO T2 53R, e R%E sp s
e (C=Nr B EAME A p PUIE, S 5RO L7 FHE—> p JUE), Hsp L%
REEM N 180 KA ZMEYTRAT RN HER T LIE sp? 4L, RUS T I H
TAFAE D S AIHEA R IR 2 PE T - A, fEmEmg e, SR 55 10
TZ 5k, WRETE sp? 4 &1 K, ERtEHAEEA T 6 M7 (I KE
A C=Cm 8, PR AR RO 7D AR AR, M2 07 A R

Some aromatic heterocyeles:

/N 7 \

furan thiophene pyrrole pyridine indole

Problem 1.4. What is the hybridization of the O atom in furan? In what kind of
orbitals do the lone pairs reside? How many lone pairs are used in resonance?

— ST HLT (A SR 55 AR A o PR PR = 1R B T S5 A 1 B A (R
TR sp? st HA—AEN p Pul. FBE=IGIEE THAH 74 p PUBALM, HA 3 X
THAPABLIER R PG IER 7 BATH 34> p HJUBLLE, TNt T AR PIHIR &
PR AN B TR TT A PR . GERAPIIGA SRR 57 & RN, POV E AR BA AT
R D FREH, IR A G b X O L BB BT sp? Ak, IR AI0nS L - R]
Z 53R B, R TIE R T BATH 5 A p PUBLLE, B 35X TR HIIR R,
e ENER.



Seme aromafic iomns.

O & 0 Q-

tropylium cyclopropenium cyclopentadienide pyrylium

SENMRAEMUFLE, KI7EEREYARTE ARE . T IR IR AR
R NS AR . £E kb, PIADRUR T L RIAION 7 54> C=Cr S 3L [FIZH LR
A 8 T HEREEAR R R M IEE TIREE MRS, FOuEh 54> p Pl (BEsd
TR0 p PUED IR PSSR R U P HL T SR TR B2 BAT O A R 1Y
Wi, IR E BB, WAL p PUBTCIEILHE, B T ROT A

Some antiaromatic compounds:

LSV EA O 1007 B AR B T A R R BT A A K EE AR A A TS
EVEEUS G A P =S RS Ve TR R TP R B AR, D Cr-O 3t IR G
HAGEME. H—Jri, PR JGEEREAERE AfE, By C-OIRE M HA S5 & 1k

@O . @ Do - Do

aromatic antiaromatic

KT HFEMEARMRENE, AT HR—NEE S, R 1 3R IHMHL —M.
PRSI REAE DS B i, R 1, 3- R MR R TE AR IR DT B A G, T I B
TR EHEEAEY) . R TIHERTE (pKa=15) KA 1, 3-8k 15K 20 MESR, 1
5K TEAR Y o 5 BT R VR 2 A LR B B S ) .

IAILHE R R TR B>, AR R R E MR . TSR RIIZELON
B R R IR K. RN, SRS HEREFIERRAIN, O, S)HEEE.

1.2 Bronsted B3

— AR [ N A5 A Bronsted 2 2] Bronsted Bl Jii 17574 o

— LEPR SN ] F U

CH3CO,H+CH3sNH,; 2CH3CO,+CHsNH3*

CH3COCH3+t-BuO- =CH3;COCH;*+t-BuOH

H*+t-BuOH =t-BuOH,*

N B8 A (D BT LR B T arh Mg, BRI LU IE B T Eh RS 1 (2)
BRI S A — PR R o P AT BE R RARRE B m 3 —id, (HEiR 2 — APk R

(3) “PHERIPEIIYA —FERF—Fi. (4) ANERE P SHRFR. (5 RTEBK

L AR TR, JCHGR AR SR T IAE 3

*EARRIOR: AEFRA T (HD, SHHE (H) IEMET (H).



121  pKafi
WA PIITRTEARSE pKa R . B2 HX (1 pKa 5T XINF -

[H+11X-]
[HX]

PR K, A EVIRIERVERAR. X AR EYIN pKa A KBS, FHEREHXS pKa i)
SRR E . CMER 14 T 2T HEUE, XTSRS BRI ) iR AR 2

TasLE 1.4. Approximate pK, values for some organic acids

pKa=-log (

CClLCOH 0 EwOH *17
CHaCOzH *4.7 CH3;CONH 17
pyrH* *5 t-BuOH 19
PhNH3™* 5] CH3COCH4 *20
HC=N 9 CH350,CH; 23
N=CCH»CO3Et 9 HC=CH *25
BEtsNH* *10 CH 3 CO,Et *25
PhOH 10 CHiCN 26
CH3NGO, 10 CH3SOCH; 31
E«SH 11 NH3 *35
MeCOCH oCO,Et 11 CsHe, HoC=CH, *37
EtO,CCH 2COsEL *14 CH3CH=CH, 37
HOH *15 alkanes *40-44
cyclopentadiene *15

Note: pyr = pyridine.

AR F R HEMUAEY S ERPAFRD pKa{l, LR B THEFIRL, (hEw
1) pKa AT R AR R AR A, [FIE S R A e 77 3 0. fEBELEER, RIS
WS AN, s I BE T DA R AR TR SR . RTRYERE 2 VE4HE, 15 B EA L
R

IR SR B AR 3 B

HARKAAZE, WEEAR A, BEGCRB ARG, YIRS (S8 HCH,
H:NH, HOH).

S A, IR A T, YRREEY (S8 EtOH, EtSH), [ 4r7 R~
Ko EANEHGBEAMERBERAMR, J5ERETEEFHIZERF 0 PuE e,
AUET s BUEFARRUDN, PUEE SRR

5 WA RARR - B T B RE A IR S 4 5 4 SR T R O 0 R A S 75 U, 8 92 5 3

HASFAAZE, MT e T, IEETRERERT ST (S NHSH NHa). R
M, ARV IERNE FRE—Em TS T (S NHAF CHCOHD . 52 4L,
X E R, OB R T T ST

“GiE RIS A MIE, HA YRR LRGBS A MIE, HA RIS
(ZH CCI3COH 5 CH3COH, LK HOH 5 EtOH).

XTI HA R, ARG R, BRI FEIKC (S8 EtOH 1 t-BuOH) . [l A5 JLAEm 1) 2
(AL PRI, WIS GEFI B s, IF DUEAR- BB B A FH o S 2t B g )
N SR IR S5 . PRI ILAEm Y Re A S, BRIPR M55 -

5 RSN 4 +-BUuOH FRRTESS T EtOH. HSL b, FEI RN 241 A
H, t-BuOH MIBRPESR T EtOH . 7F 2 E04b 2 5K 1) TARs——AH A, 35 77 RS 0T 4 Joa I
FIFEMAAR IR, A B T4 DA A Pl LU 5 20

R RN ¢ DR 2 (A7 LT A0, ROl 1A J 1 1% 396 9 % ) R 0 AN T 25 o o 2 I PR



RV PR IR — PP BRI, #005: Lgm.

< HA SEHEHR 1 06 B Pl d e e AR M #4320 %8 e , ) HA R MK A8 15 58 58 (2 1 PhOH
Al EtOH, PhNHz*Fll EtsNH*, LK CHsCH=CH, FIBELEE) . £ FLHTAR PN B 755 B L 3t
B, HA IR TEE AR SRR 58, 4 5 A RIS ILPERD AR 15 R (S RINE AN R = 48 .
B DL 3 AR 2RI C=0 [, Hhs%E (-NO2) 5K (-SOR) tH 1R & i 61 2 1
e (S8 CHNO,2, CH3COCH: 1 CHsSO.CHs) . fildk HAg ELHREE R WK B T S 3%
7, 2 LU B U (1 6 T A e 2

SR A TR, A-H B s RS BRI, Wt 2il, A (sp) -HBRMIERT A

(sp?) -H (Z[ pyrH*5 RaNH*LL K 206k, KRR . X T HLHuis o B, sp 241k
HUERIRE LT spd Z44bBLiE

SFFAEIT MR HA kUL, R e B a 77 &1, Baermigigs (=
IR IR SR ISR, RTFESE R EERY IR 2RSS CH k).,

PRRT LA FH 3K R A AR 52 o FR R 5 BOR HE U B A= IR 1) pKae 1 iR pa {2 1R B 221K,
RN MU )5 — B AR T3 88, TR 5 ZERE LA DM R 7 B vl RE R AR
.

WAL AT e i B R A ML, BT UAE DB e R M R R B
AP REEAEIR KFEFE L HURT 3 RCH-O IR AE R . -R Fas iz 3tk CEL LTI
P RN B AN IRE IR, B AR K. BR C-O 3R
() EE VAR T A RO R, (EAERE R K2 A MG R B AR 5t E %)
G (BN AR 2 o T USRI R 2 de 1) IR E )
FIRE SRS, BRI TS CHHRRED . Hit, # WHE LSRRI RR <
<P <M <P <BR T <M 5o

*E AR : o B-ABABREIEDH o e 7RI A ZR 5. C=On S T5 C=C
ML H LY. o ik LR F 22 B —ANAFIIM R R o, B-AHFIBREALEWH o BRETERTE
KT HAR R FEIEY), 58 WA ALK AR, C (sp?) L C (sp®) BRI MR .

lower energy 8 higher energy
confomtwn; H% E : ig - conformanfm;
deprz;‘g;z;zg?: not 4 . X H%X dep;’ggzgt&r;on
H

PHBAE BT e IR A 5 o AR, Bl pKo B E O HILHERR Y
PKao GXFPE AN F T AR HE——pKp=14-pKao FRiEE L B THHIE SCER IR, BKI9E 7 2R
N T e FERPERC I P ERUE - TEEA ZAEH A7 S AR L R IRE 2 iR
fifgo) . HRAEZAFEE X, NHs ) pKp A2 10 (K24 NH4 ) pKa 72 100, pKa st 35, Bil
ity P 5 IR ER 10 9 B 2 DIAR 5% o 18 9 Rk 0 DR 2 s s e T 95 1 1P ) AT 3 8 il
N, EtSHL EtOHIBESS, K0 EtSH BB T EtOH.
122 EXRRHAR

N EAN % — BT, BB T B IO AR AT AL S AT LA
1] AN IO B AR SR AR S BRI SR AR, SO T L SEE R R XA IR
RIBCPEY . nF XA TS5 HORM, HYATRES O B C 4k, Wi 15 fick i ) =
WG RIAEE, R T 5EANE, WREW RS 3 — MUE SN AL E VLA R o kR 5
AFREED) REE) . -5 LR AR R
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H
O O Oe 0]
H tBuO~- 0O H tBuOH 8]
ey 2 AN e e N IO N
H H H H H H

AR TR — . SIRAIEAR, EMREARN o B3, REZKE
A SR AR IR SV AR R, IR AT AT o ELAR AL 2 — PR BR 1 i
ST TR A A EE SIRAA R A P RO IR SRR

13N EZ %

e AR S N LER PN B 5 T . — NN AT BUH B R BAR B R, PREg, mr
ATk IE . X EEARTEH R AR

—MNERRN R RNK Gibbs HHIEER (AG) /MNTFE ™YK E H eIk T B
HHAED . 5 H BB K TR SR B A SN E HAEAR AT A AE (AHD AAE (AS)
K AG=AH-TAS 154528, ESLhR AR, RAZITE B B BEASH ORI S ML AE 75 H K
NI G, HHEFRT (KT 100°C) TAS —HHHIES AH AHLH AT LLZEE AT
AH<<O [ )5 BTER L, AH>0 F S5 A IR AR S R o

Energy

Progress of reaction

AG® = 0 AG® < 0 AG® << 0
Unfaverable Favorable Highly favorable

2R, RN B A B2 BEFAL N WERAEAERE 22, M P~ MI AN AT REAFAE
SN B35 e 42 T P 75 R e O AGRE (Ba) o JONAITE BE 22 Tl b (1) 47 78 T PR v i I
& (TS), BEnT LA RIS N, O] AFAL NP W) B R HE AL RE I RN RE AN
KNG RE R ZE . ISERE R, BRI SIEIRENR, SONGER R

RN . OV R (R TS AGRE) MBS SN RER RN (LT H R AERD) TAMK. —
AP AR BRI AN BRI RS AT REAEAE . I UK SN EAE UK &Y. e
P 5 R RAE MR TR, AR CO2. P RE B T AN — 2 S MA S L S AL R

Progress of reaction

Large AGH AG® < 0 Small AGE, AG® < 0 Small AGY, AG® > 0
slow and favorable fast and favorable Jast and unfavorable

Energy

130 5 S TE A [R5 S BTR AN ST AT o A7 AP ST R S SRR O T e Lo S L
JITAT [ S LA T30 e L, B S B b — 28 S W (R~ KRBT 37— T3, AT 338 P
AT AS B AR SN o A — DI, A RS P H KK 1000, TPRE 2 5 B
WA SN B BRI A MEE BRWE =4, ] DU S N AR AN AT (Le



Chratelier JRHE) . 2 N5 —Fhel 2 F= P R0E TET, e mpgte sl 3 5 g2 ok
o WERIFAREIAG, MHEIA—E5 B HEEER K.

WA RN : R — AN RSIRER A B PIRN =1, B (ARG (Bl 127 A — 5 R RE R AR AN (H
TV o 1IN, Ty SR R S A =R o U SRR ER SN PR, AT AR I TP IR A ) 2 5 L4
TR, BERR N, HEEE RMAT, AR IIZE S RIIFRE /N e AR Sh R
Yo B RER B AR R R R T, AR 3l = A 2 AR & ok, S
AT REEARI . AT, WA A2 ARG T A R RS DL, B WA A B3 57
FEM e AR RNI, S PER E BUR B ) . ARG B — R B R T OS2 A, AR
RIS 147 A R

O)\H H = @ =

A O
starting .
0 lower materials  Hgher
O barrier barrier
kinetic, higher thermodynamic,
energy product lower energy product

YIS B BB IR 1A S B 15877 SR, WEAR VAR R R eI RE
BN 1R RS S R AL AT, R AR

RERMNATATEE . mReRE . AR R aE CEEIBR LR 7). AL SN
REEARPR I EAL T AERRH IS (AT RN AEE AR E R BE™) SR, idiE
SAFAER IR, T IR, FrEAASRER 2B R SR T 8] 1A ) A £ I [
W TIREN AN 5 £, R IABIZRRE BB . AL RN IFAGE haER, AL
o7 22 3 VF 2 v e

R EZSIE BARMESRI, POV ENTAFER /N T 1074 80, (HId B IR ME S
X T AR LR S B E . Hammond BE, I IS ISR S AT E TR RS A
Yo O i, e AE=1)) e i — ML . Gt Ellm, Ha 5T EEK
Bl Bltn, BER TS HC IR . IXAN e W22 1d — A e i B Pl A ——BR IE 25
AP NIRRT IR . Hammond {B A A it 1 88 1 I I RS I 55 e Ik S B I
TR TEAT K BRI, MR SRR IR R T A PEAT 5%

A
G* &'

Me;C*
+ CI-

Me,C=CH,
+ HCl

Me;CCl




*H WARRRIIR . Hammond B B0KE I A ) 45 A e 5 S ST R PR S A & b
TR AR o DRI, TR R IV 25 512 SR B P DA R X, DR A T A S 2 v = M FAD
W

AN T, “Fag R MER T IARTE . [T MYt faE ], A2
TREMREERAC, thn<eR A Trefae i Ean e s itirse 2R e,
e B I R 1. BN, FADURCT B RGO AR AR E B, BIE B A
I EERASE, MJRE R2sh % EREm R EARE. S ML ay),
g, RPN EREMNIE EARRER . SRR, R Wi biagr, |
RB CRAZI FR A A FE . WRIE R A, 2R

L4 BEHEED

P GEN A=A SR R A 2 B BB . 35—, Bk L TRE
YRR R, ARG, AR URER . 5, AR UE AR . RN
XAETTHEE K BUREST R E S E (BN ANE NS BT By FE A A+
PSSR, I BT AR LB IR RG] . 55 =, SRR A T P R il
ERAE IR 0. SRR B TR R 1o B T AR AR

N p
NH o~ CHyCly
+  Ph Br Solvent over arrow

O Rea
gent over arrow; ionic
).I\ CH3MgBr /j< CHj product converted into neutral
Ph Ph one by aqueons workup

O O Ph
_ Gaseous by-product
g + Ph—==—Fh @ omitted
Ph

iperidi EtO,C By-product omitted:
iperidine y-pre ;
EtOZC/\CN + FEiCHO L’ \K\Et catalyst over arraw,

CgHg CN solvent under arrow

BEm—
KT SO

=N
|E==N
NTN=NR
[¥=EN

WG 5 BT R FBFAR TN o s 5 HEr, WK RBOR BURE 1RA
JERE T B R FEAT R P O

Et
Reagents added
O sequentially to
C02> H3O+ reaction mixtire
O

HO HO
o 1) TsCL, pyr, 0 Reagents added
Vo >< Me cat. DMAP HyCre >< Me sequentially or
HO Me Me reaction mixture
0 2)bBU O worked up after
3) LiAlH, each step
HO HO

P S L PR DL AR AR, Fir LALE 5 5 LB N o = ) — e B A s A S B R
et S WAL B LT D IREML AR R L SROA] BRI 45 S N
MEER T IS, REEE R TERINE 5 B S DL P 5 AR B BT, R



PEARAG I BRI H fe/s o AR A4S B SR h A PSR AR5, A EEE T Grossman R !
WS S N a7 ) h s sE B B HAA B T 45 B AR 5 o A I C T S 3t 2 AR AR 5 10
HLR.

SR AN R A28 R AR T (BAR T M E EE B AR IR AL IR AR T
PRFEANE 2 5 B 5 W B A B, AR B L A (T AR A R S LB 1 5 BT S 7
BT T R A2 9 SRAMERR S BRI A

Problem 1.4. Balance the following equations and number all atoms other than
H in the starting materials and products.

o)
OH O
(2) H+, 1,0
Ph Fh
o H

Br

Z SN
o)

excess Bry Br
—_—————

(b)

OMe

OMe 0]

GRS Z)E, PP A AREE 18] 7 2 R R o . ARSI S SR T
ERHA o B | X DR B TR DB B b SO P I R R RSB R L A
o ANEAHL S A ) L ARARAS s B EL 52 SR 2 18] B AR AL . A2 E) T LAR
W, R ER A N EIRE T .

Problem 1.5. Make a list of all o bonds made and broken between atoms other
than H in the two preceding reactions.

MM ARFIM w2 [ n b2 RTINS o BEEOTEM SUFALTIRSE) . o T iE W
B, AR P TR AR TS

_H
O O
H NaQOEt H
H3CJ3< B ch/g/
H H H

RAT e AU E e T m BN C=0 ¥eAboh C=C. n #iEHZFIL, HEIF RS IFK
i AT N B IR IR AHE o 8, RS KIFHENR 4 C-Ho ft, XMW1 O-Ho
o DU TERIEASE A, Fr DUSNLIR) 28— AR A BBl 25 B L FX)— A B 7 J il g £ »
MW T C-Ho B 2 Ja B 1A 00 1232 L5 5, RSO O-Ho . JE el
FEN o )E, nARSTIRIE MM E.



0 Og-H-QEl 0
H. OBt n o i
Hﬁjg%’ HyC o™ N
H H H H

BT, EE Grossman MUK 225 T o B R Dy ok 22 A KI5 (8

NS HAER o BERAZLIEIR? KO85 H AHER o AL o BER S
T IRET L, 5 AERR MR S S 5 A5 TE R Bl e 7 B i1 RV F) o BN, 0RE 0 7 B Ak
Wi Z S HAAER o 8. ZH5SREIR T o BIVERSBIR)E, V8caRsir-ynt,
EE— TS HAAEN o #.

1.5 EMARAHI R

WRTIER AN SHEAT 22K, AR ERGUE R — N ALIC = R R . 420
MAR 3 FAE R S SLHEAT 70 2RI T iR RIS B 5K ok Rtk AT 7098 — A1
TR A S SR IS, BRSO, B AT B R Js B o

FENNBR NI, PR S S AS G e R S8, — RN o B
RHTH o BEEAC.

HBr Br
/\/
RT g0, R
O HO CH,
)J\ CH3;MgBr
Ph CH; Ph CH

LE BRI, SN N e EE R RN RIPIAR o S AROETE I o s
(A

CH3 TsOH CH3
t.
Ph+OH caL. 8 Ph&
CH,

A
DS%_'\/\\

FERBURS N, A EE o BEERE I — A 7 B T B4 53— A I B 7 U

AcyO P
H3C© 2 H3C4©—<
AIC CH,

CO,Et CO,Et
S BusSnH

J.I\ cat. AIBN

: 0~ SCH;, :
H H

AEFEAES A, Rl SOSAF BIEE R A R B R



LGS IR BT AT IR RE S I ANAN 3 B, P AR R A B 1 SR B T A
AR R, SCAT AVA AN RS SSE o 1A 3K 6 73 2R 7 00 i N 9l g 1 - £ 2 5 N 2 /T
WEY A E B ST,

1.6 FLERI 73K

AR S5 AT I A R LI BEAT 4328, RN IOBL A3 2810 T3 —Fh 7 . AR didix
Pl RITEA LM RN SR, AZE R IAAR WEZSED, AWHRK CERELD . Fifhisy
KITESARS, MRIEEE.

AU PYFPR AR ML, B YL, AL, SRaEslEE
A BIHLEE.

W 2 R0 I PR A 2 AT TG A B RN T AT, B TR I E R S B
8o MRS BATE— 5 R FERR RS T AT BB 25 A N kAT .

-1 PR 2 ORI T R RS AT o BB AN 0 R ) R — A A
BT IE R B R SOE R RS, A AR.

) IR S N7 (IR 5 A IR I R T R AR R S

SRR LSRR AEN RN FE M ESE. Al S ESReEY (i
TiCls, FeCly) fEH MU FUAE Lewis IR, EH —% (U1 TiCls, Smly) #iF1EFH 78R
7, & Na Fl Li —#F; X284 S0k s ST A AR MERR A S R« JE 3 I BB H 2
W

TR HLER 73 2 S5 MR AR S EAKHOG . flln, BRI S RE S IR PERR Ak At
DAL . IR R AL BEAT , 7 DA PR B AL WL B R AT 1 S S /T DA e BAR . 3
R EREHE RS PFR 2 2807 2O T 72 S S LB SR R A AR BB, R A T LB AN 2 AR A,
()50 A BT HERR e LB IR 45 A SR o BN, FEBIE SRR, 07 U R MAN REE i
PAF = FLER AR A SRR —VE R, THBR—INRE Srnlo QSR VREDE AN % A0 Y
S, PRI R R 2 AH 2N

161 tRiENE
FERRAE SN, ARG 2% AR A A SO o EAT s R 20 e P e 7 A R P Bk
SKAF N HEATHY

IR B SRR I A ARE BT DR A1, n] AR 7 P (R ST B
REH]. ENTRRUE S AT RE R TR TR

A 5 o7 i B A S A S FL G 5 <SRG, AN e A Tt R FIAE A AR
VA WLEEN A L
1.6.1.1 FERRHA

PRAZOGTIRIR B A RE A B, HAE A T e i i X AL 590 1A% lR T A B
BrEh T, A =R ISR TR, o PRI o SR A% .

XS RAZ G 7 BARHE 7E R N HE B BRI B IFAFE ESAZR AR — 2K X
7 EATH H IE TR R S B R R T BUE RE M
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EtO™ is both more basic and move nucleophilic than AcO™ ...

CHj 0 CHj o CHs
very fast H st
Br Br CHj;
mcu H4C HiC U EtO
... but it is a lot more basic and enly somewhat more nucleophilic ...
low H - " i
very slow slow
e T e i Aco” \H/- ) >§<
Br Br
HiC s HzC U

... S0 the propertion of nucleaphilicity to basicity is greater for AcO~ than for EtO™.




FEABRAE BT A7) (S R S AR B I EA BRI e &) &, BN
AAFAEEEE, FrUB S T S IR s TSR v S s s, R RS
REZ . i, BT REVEFIN, FAEKF M ERSS, H7E DMSO H e il /E A%t
ekt e B o LA AR 7iA75) 4 : DMSO, HMPA, DMF, DMA, NMP, DMPU 1
MEnE, (EAEFEKM ORE, R FOREN T RENEE, B DUATE A 72 AR R 1
TR0 LU 0 e P 45 ) B B

Some common polar aprotic solvents:
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DBU, or I,8-diazabicyclo[5.4.0jundec-1(7)-ene,
a widely used, relatively nonnucleophilic base.
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TaBLE 1.5. Approximate order of leaving group ability

Excellent to good Fair to poor
leaving groups rKe leaving groups PKy

N2 <—10 F~ +3
CF3S503~(TfO™) <—10 RCO,~ +5
I- —10 “C=N +9
Br~ -9 NR3 +10
ArSO3™ (e.g., TsO™) -7 RS~ +11
Cl™ =7 stabilized enolates +9 to +14
RCO:H -6 HO~ +15
EBiOH —2.5 BtO™ +17
H,O —-15 simple enolates +20 to 25

RoN™ +35
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JJ\ HO- )k unfavorable, but
- = sufficiently rapid to be
H5C CH3 H,C CH; proposed in a mechanism

pK, =20 pKy, =15
HO- o unfavorable, and not
Bu H - Bu—C=C sufficienily rapid to be
pK, =25 pK, = 15 proposed in a mechanism

Problem 1.6. PhC=CH can be deprotonated by HO™, even though BuC=CH
cannot. What does this tell you about the relative acidities of PhC=CH and
BuC=CH?

FEGr F A A b AR BRI 5 o 104, o H— 25 A S R R g
ARG U ) SIT %uw&&r%*%%m&ﬁyMﬁuﬁ WA ZIRAE EAZAE B BT
JRFAHENLER IS 20 O9 T8 H AP S BCEAT R EEH A ZEE S B RV s

Problem 1.7. Which is the most acidic site in the following compound? Which
site needs to be deprotonated for the reaction to proceed?
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Termination.
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KRR v () BT SO AN, PR OUAH B B0 R BRI, BIAS 3R 20 AR 1) I
V=W
SR TR NV EH  BRE S tH I RE R FE B B
*F WARRIETR: BARGI KNS SR ZREN, HXFERENEE—MRAT I8 51K F B
FEAAAERAG, B REE S H A MR IT N T 5 1 B A YAk 2R
FERAL W Borh BB D AU TR E ) L JC RIS o a0 RS0 I SRR, TR
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Problem 2.2. Draw mechanisms for the following aldol reactions.
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Problem 2.3. An aldol reaction is one of the key steps in the benzoin con-
densation, which requires a catalytic amount of “CN to proceed. Draw a rea-
sonable mechanism.
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Problems 2.4. Each of the following reactions has a Michael reaction as a first
step. Draw a reasonable mechanism for each reaction.
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Problem 2.6. Draw mechanisms for the following two acylation reactions.
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Problem 2.7. Draw mechanisms for the following two aromatic substitution
reactions. Note: The second problem will be much easier to solve if you draw
the by-product.
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Problem 2.8. Draw a mechanism explaining why two products are obtained
from the reaction of o-iodoanisole and sodamide.

Problem 2.9. Alkenyl halides such as CH;CBr=CHCHj; do not undergo sub-
stitution upon treatment with a strongly basic nucleophile such as “NH,. What
reaction occurs instead, and why does substitution not occur?
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Problem 2.10. Hexachlorobenzene CgClg undergoes six substitutions with
PhS™ to give Cg(SPh)e. Are the most reasonable mechanisms for the first and
sixth substitutions the same or different? Draw the mechanisms for these two
substitutions.
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Sn2 mechanism for halogen—metal exchange
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Electron transfer mechanism for halogen—metal exchange
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Problem 2.11. Is an elimination—addition mechanism reasonable for the fol-
lowing reactions? Draw the most reasonable mechanism for each one.
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Problem 2.12. Draw a mechanism involving a metal insertion for the follow-
ing reaction.
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Problem 2.13. Draw mechanisms for the following two cyclopropanation re-
actions.
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Base-promoted a-elimination of Ts-H from the hydrazone gives a diazo com-
pound.
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Problem 2.14. Draw a mechanism for the following C—H insertion reaction.
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Problem 2.15. Draw a reasonable mechanism for the diazo transfer reaction.
Your task will be much easier if you draw the by-products.
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Problem 2.16. The Baeyer-Villiger reaction can also be carried out under ba-
sic conditions. Draw a reasonable mechanism.
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PROBLEMS

1. Determine and draw the mechanism (Sn2, Sgpyl, addition—elimination, or
elimination—addition) of each of the following substitution reactions. Some re-
actions might reasonably proceed by more than one mechanism; in these cases,

suggest an experiment that would allow you to determine the mechanism un-
ambiguously.




(hy The product is a model for the antitumor agent duocarmycin, a potent

alkylator of DNA.

(1) Cl OEt

—_—

0 NC CN NC CN

+Bu _PhST_ By Et
SPh
0
'-Pr
NHa, hw i-Pr

(I) Note the stereochemlstry!

(k)

OTBS
H

COZR

2. Draw mechanisms for the following reactions.

(a)
Etoch\/YcozEt C02Et
EtOH
COgEt
0
NCO
Cl 1) NaNj
2) A
c o
H;C CO,Et
o NaOEt O
+ 2 BO,CCOEL —
HaC
CH, g o)

OH



(d) 0 D_~_Mecl 0 7\
UCN 2) H,0 - D_g;\

2
(e) The Darzens glycidic ester synthesis.

2 NaNH H;C O
a 2 3
)J\ Cl. _CO.Et CO,Et
Ph Cl ~ PhXV

3

) O O
o O - O

O

(2) IR
@ HsC CH, A —-—CH3L1 Or—Bu + Or—Bu
NaOEt
(h) o 2
AcONa O
PhCHO + e —
H3CJJ\N/\C02H A0 Nﬁk
H Ph CH
(1) HO HO
o O><CH3 1) TsCL pyr, cat. DMAP H3C---KI O><CH3
HO CH., 2)DBU CH
-0 * 3)LiAlH, -0 ’
HO HO

i-Pr

(i) HiC._O
0
é/ P pa




(k) o Ft

P\Et >
Mg O
COy; HAOF

O

(I)  Two mechanisms can be drawn for the Bayliss—Hillman reaction. Draw
one.

OH

cat. N N
vl . )\"/cozEt

CH,

H,c7 NCOEt +  ECHO

(m) The rate of the Bayliss—Hillman reaction is dramatically reduced when
the steric bulk of the tertiary amine catalyst is increased. Is your mech-
anism consistent with this information? If not, draw another mechanism.

(n) TMEDA = Me,NCH,CH;NMe,; the reaction takes a different course in
its absence, but it’s not needed for the mechanism.

NNHSO, Ar
2 2.2 BuLi, TMEDA: OH
> acetone

(0) NNHSO,Ar NaOM
MeN VNV MeN
165 °C
() 0

LDA; i-BuCHO Rhy(OAC)
N7 COE - A )J\/COzEt
i-Dlu
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MeO,C : :
> CO,Me N\COZMB Oﬁji CO,Me
NaH

MeQ,C” %
2 HH

(ry The Arbuzov reaction.

PN

0
Ph N p?

Cl o+ P(OMe)s — Ph A
MeO OMe

(s) No 30 is incorporated into the product!

Mﬁ?m Nal8OMe M&Om
=) =]
MsO DMSO MeO

OMe OMe
t
®
. NaOH HO,C N
\ HO N\
Ph Fh
0
u o
(W) o) Br N
Na,COs O—N+
H + OGN _COE —— ¢ \
HyC CO,Et

O

(v) This is a very difficult problem. Here’s a tip: No reaction between p-
toluenesulfonylmethyl isocyanide (TosMIC) and cyclopentanone occurs
until base is added to the reaction mixture. Draw a deprotonation and
then the first bond-forming step, and #en number the atoms.

P +-BuOK, FtOH
N« + O ————> C=N + EtOCHO + Ts
X O CH2C12 H

(w) The Potier—Polonovski rearrangement. Pyr = pyridine.

Ts

0 0
t0 S S S

H o) 0

: FC” 07 cpy Meg /

O pvr, CH,Cly

\—OMe




(x) This 1s a hard one, but if you label all the atoms and concentrate on bonds
made and bonds broken, you should be able to do it. One atom is already
labeled to get you started.

COn-t-Bu
/— Oy
N O PN
MeN = 2 Br COyt-Bu MeN : o
™ /NH 2K2C03
O N N 3 0
Me Me Z

3 N7 o, +Bu

(y) Pip = piperidine, a saturated six-membered ring with one NH group.

2 CN
o Ar
Ns\)‘l\ + AT CN cat. pip. Arl / \
Arl r /\[/ EtOH N NH,
CN o
O
(z) Ar CO,CH, . PrON
— e, Ar—=——CH;
Cl CH;
(aa) M Me
Me € :
CHBr3 - Br CH;Li
R
t-BuOK 4 Br
Me 'ME‘, Me
{(bb) Fh Ph
\E LiCL, DMF_ \D
O
Ph

(CC) O O AN
CH3
2 mol% NaOH
O

quench quickly

(dd) Under very similar conditions but using more NaOH, the Robinson an-
nulation product is no longer the major one. Numbering correctly is key
to solving this problemf

&O 5 mol% NaOH W




(ee) O CH,N, R BnOH, A
Cl CO,Bn

(ff) HiC OBn HyC

CH(OBn), N. _CO.Et
Et0,C7 N7 o

OBn
CH{OBn),

PhsP, +-BuCO.H

HO +-BuCO,

(gg) The first step is a Michael reaction. Use this information to number the

atoms.
5 CH, Co,H
<:/[ )\CHO
—_—————— =

CO,Me DBU,MeOH  MeO:C
CH,

3. Indicate the product(s) of the following reactions and draw the mechanism. In
some cases, no reaction occurs. Be sure to indicate the stereochemistry of the
product where applicable.

H,0
(a) CH;CHF ———»

©/\Br DMF
(b) + KF
/K/OH

DMF
(c) + Nal
H:C Cl
CH, EtONa
e
(d) EtOH

. ether
(1) CH;-S-CH; + CHil —

)i
_ Ph H CH;0"
) R
H,C Ph
CHs,




0

1 NaCN
(k) Y—0-—S CH, —

i g EtOH

D

H THF

) H—ONa + ﬁ—(ﬂ —
H H
D D

4. Catalytic antibodies were first prepared in the mid-1980s. In one example, a
rabbit or mouse was immunized with phosphonate ester A, and pure anti-A
antibodies were isolated from this animal’s spleen cells. Some of the anti-A
antibodies were found to catalyze the hydrolysis of the ester functionality of
B at rates significantly faster than background.

O
0 P~
/N
JJ\ 70 O
F-sC N N—Protein
H H
A
0
0O 0O
)‘I\ O J‘L
R! N N R2
H R H

(a) Draw the mechanism for the hydrolysis of the ester functionality of B un-
der basic conditions. What is the rate-determining step?

(b) Considering the parameters on which the rate of any chemical reaction de-
pends, explain why antibodies to A catalyze (increase the rate of) the hy-
drolysis of B. Use a reaction coordinate diagram to illustrate your expla-

nation.
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stabilization
energy

interaction with a lone pair interaction with a T bond interaction with a G bond
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(j) The product, one example of an azo dye, was used for a long time as the
coloring agent in margarine until it was discovered that it was carcinogenic.
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(k) When p-nitroaniline and salicylic acid are used as starting materials in the
reaction in (), Alizarin Yellow R, an azo compound used to dye wool, is
obtained. What 1s the structure of Alizarin Yellow R?

(Iy The following reaction helps explain why piperidine 1s a federally con-
trolled substance.
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piperidine, PCP
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(p) The following reaction is the key step in the biosynthesis of cholesterol.
Compounds that inhibit the enzyme that catalyzes the reaction have been
studied intensively recently because of their potential as anticholesterol drugs.

squalene {anosterol

axide

The following pieces of information should help you: (1) When '80-la-
beled water is used as solvent, the product is labeled. (2) When one N in
the starting material is selectively labeled with 1PN, the label is found to
be randomly distributed in the product. (3) The key intermediate is dica-
tionic.

(r) Think of the MesSi™ group as a big proton.
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(s) First draw a mechanism for formation of the five-membered ring. Then
draw a mechanism by which the five-membered ring 1s converted into the
six-membered ring simply by heating (no acid present).
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(t) The following two pieces of information should help you draw the mech-
anism. (1) The rate-determining step involves cleavage of the C—Cl bond.

(2) The rate decreases dramatically as the number of C atoms between N
and CI increases.
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(x) SnCl» 1s a Lewis acid.

O

O SnCly
/\)J\ + NoLHCEOEL ———= /\)k/COzEt
Ph H Ph

(y) Note the stereochemistry of the product! What does this tell you about
the mechanism?
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TaBLE 4.1. Bond changes in pericyclic reactions

Reaction class Changes in bond types
Electrocyclic reactions one 7 bond = one ¢ bond
Cycloadditions two 7 bonds 2 two o bonds
Sigmatropic rearrangements one o bond — new ¢ bond
Ene reactions one 7 bond 2 one o bond and one o bond migrates
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hence H atoms are cis in product
\ endo substituent

- on enophile

2k R T IR ECE SRIGR R C I, ] DR AR OB T T 0 24 S RO S R 5 —
it S SLEE T BT BEARIR 2 o RO AR T TR AL S 0ma Wk AR B g5 RIAT AR 0
B LRI AR e T o

COE CO,Et
t
~— ( 2 70°C
= /) — | on
H

N

Ba Bn

%EW%%@AMM%&VE?A%Eﬁﬂ%%%%i&,&ﬁﬁﬁ?ﬁﬁﬁﬁ,ﬁ@
TEH COpe‘§iﬂF52fh A AE TR EE AR R R AR R B R S R I, S SO AT
H3

H
‘ﬂ\ Cm

AT (SeO) 18 B SRIEMS IS G TN 2647 B E b T2 364k, XA RN AL
PSR RN o B — AR — AR RN, FEIEARER, AR AE—12,3]0 B
N, PRI 25 SeO 15 B ZE B P2 o VR B RNE AT S AN M TR S o7 A2 A IR )

CH, =+ CH;
[:::E? t,ﬁ/—* [:::(/E}e [:::Ij OH ~Se=0_ [:::Ii
1>on

SEOZ

—



AL R B FITE R R SR AL IR A N HEAT I, AT EERR Ul o IX L R S M2
I 3 Ol [ )R S LB HEAT ) I R HLBEARAE Eio ) LFRIRIHE BRI £ LR
JE RS 7 % RSCOSH (Chugaev J i) #4218 4 [ B o

W SN — B R IR AN . (FE iR AR R BB T AGe (A THR S
o ) C=Om ##¥ X C=Sn #’4y Chugaev M2t T HSNMUIKEN F1. WHER LIRS MAERS E
FEAAIT, BT LVE /5 AR v i B A 1 sk A2 v 32 e C=Om BEFXTE BRI 9 T T
W% MOM (RIS ) R 25 HRR P R 0 S R B3 1 3Kzl 7

CO,Et CO,Et
CH; 280 °C
— CH;
_/>0 /
CH,4 CH,
H OMe

AL BRSO, — AN 2R SR AR SN, R — MR AT KRR S AL
o B- MR EITT o — A a-Beili BRI 5 Rl AL 7] (H202, mCPBA, NalOs,
O3 55) SN ALY o A SE AL K138 2% B 1 0 S SLAR B A 20 AT, AR T L B RIS 52
. M) (Cope JHRR, ANELAT Cope HARRIE) MBI K AW OB, (B RAAT
i 2 B e P P o 300 S N (K 9Kl F3 e, LT R AT, NSRS o BRI (it C-Se)
R C=Cr $t . FTAT (028 S50 S N AR LS — A 1,2- K, JlH 2 EN-O, E AR JE T

H H
Mﬁ H,0, %\jrﬂ - L=
O H
0" _Se C]))hjSE:bH H

Ph H
oL Ph—Se-OH

W R ISR S B AT HO R B R RO R — MR, R B RFIC A 2.7 CH
(D) (T) COM, B A DRIMREIL RIS BLEATH O £, FEAFRe, 4
AR, MBI, — MRS EE B, A8 A0 o RLHERE T C-On
BT AR (SIS SRSLEAT - VR DA PR R LA A SRS SRR R 2 T 22
7!

OH o P
D D \lLD
F | | Cl XOM& LiOT Z N | | OMe 160 °c
Eiz;N T,0 ‘)/——‘
H T

H
o P
| A}|L0Me
i\ cro, HO.C
| o e
H T
H T H T
L H i H




W B —A> ST, TR HTH o B8, LR ERIME RN, E RIS SN AT IR
PR 5 X 73 o R TAE BRI RS AR I B, H R TR, — DRI H B3] —
AN A

I RE 4.20. Swern A6 B B fi — AL MeoS T BRI H BRI Hh i) 678 . —A> E2
HUBEXT AN BRSNS A BR A, (BRI B4 S S ALEE S B B W AT AR o 1] 3044
VA RE

H H

N, fH NEy i CH; N
R” ~0—S T /& * s +  HNEg

\ \
CH; CH,

46 BE

BT A A BA J B ) Woodward-Hoffmann #E0U (55 4.6) 41 F Fios . — /MELE A EUH BT
JEIA SONAE IS — 58 B AR F OB 4H55 AR GBI — 8 A A A Je 10 SRR 4 53
— ML AR EOT FL T I R PR S SR DDA — 8 A AR e SRS ZE G, ARG — E
BTN 5y o AESERRH, AR AREAN 7 1 SR R 2H 53 R WA S THI S, FR 4H.
2 PO 14 G M T~ VA A 7 =7 N = e N 1 1) A NAT I A2 s e

TABLE 4.6. Woodward-Hoffmann Rules for
Pericyclic Reactions
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Even odd even
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(c)
CH, Et0,C. _N _N
A + N7 SCO.Et ™ HiC /\\\V/\ITI ~CO,Et

CO,EL
(d H CH3 HiC H
— OSiMe; — OSiMe;
H;C — H;C —
H H H H

(e) (\\
S NC CN 5 S N
~ ) I — ex
S
NC”~ TCN CN
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CH; SCHj;
O H3C tl: CO-E Na,CO
t 2 3
3 W ~_ 2 — s CO,Et
CH3 H3C CH3
(2 H
7
N
H
(h) H H H;C
HSC i + N CH3 — = D
H H H H;C
(1) H H H;C
HiC A A\ _CHs R D
H H H H3C
(J) Ph
NN N~N
+ PhN; — N—Q,II
\ N
Ph
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®) me

(c) /\/\OEt - o/\COZR _—

(d)  CHs

(e) OEt
O, “e —
OEt

® | MsO
S
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0_
A MeO,C CO,M
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(g) P—C=N—C_ + B A
Ar

(h) The dots mark the locations where the polyene reacts.
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-0 X
NC CN
3.4 cis-1,3,5,7-F T DU B 18 _F REME K 2k = FASIR] I HI AL SGIR SO o 1) HE T AT 3K 48 e L )
IR, WREREA I BLAE ISR N IR SLARAL S, SRR e RsE e e A TR

4.0 R AIEEAN3,3]0 HARMLHY), AR ERALEL S SOl i R Vb U ST
731 BB RS 58 SLARAY 2 45
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(©) CH; (d) CH;
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MeN‘rl MeN‘"/
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=
N~ "NCO N~ "N~ TOH
H H
(c) OSiMes OH
=—CO,Me —
)Y\OSiM€3 /O:
MeO,C OAr

OAr
(d) CO,Me H COMe
Br OSiMe; _A
/ -
0
Br
(e)
HC _~ CH;
0
Li :
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o NaHCO;
()
Me;Si

Me;Si

(2)




(j)  Make an analogy between acyl chlorides and sulfonyl chlorides to solve
this problem.

EI3N
CH3502C1

(k) NPhth = phthalimidoyl, an analog of succinimidoyl (as in NBS).

OH O CH; HsC 0 Ph
)‘\ | CH;
H;C OCH; 7 Ph O
+ S
S pyrldme

~NPhth OCH,4 OCH;
()] 0\
W N /OH CH20 ’N +
H

(m) The problem will be simpler if you number the atoms in the very first in-
termediate, rather than the starting material. Hint: The carbon-containing

by-product of the second reaction is HCO»™

CH; 0,0 CH; CH;
O; O CH; 89 NaOH NaOH
ﬁ HO@L DL
H;C

n
(n) c1\| OSiR; Cl OSiR;
AgNO;
B ————
acetone-H,O
(0) H3CO OCH;
0 CH; CH;,

CH; OH CHj M C
I\/\/I\ EOX — JJ\/\/\/|\
~ CH (H3C),N 7 CH;

3

(p) What reaction could the second equivalent of the very strong, nonnucle-
ophilic base LDA induce?



OMe MeO OMe
H
Q B\r:QOMe P
NH
H N
0
0]

(qQ) The Fischer indole synthesis. Note the by-product!

MeO MeO Ph
ZnCl,
— |
N
N “\l/\ Ph N

H H
H
(r) Two equivalents of sodiomalonate are required for the following reaction
to occur. Hint: What is the role of the second equivalent of malonate?

Na
0o /J\ CH; O
H;C Cl 2 EwO,C CO,Et T CO,Et
H;C
H;C Cl CO,Et
(s) H3C

0 v CHj

k/\/\ CH;NHOH-HCl N
o /
H;C X 0

(t) The following problem is tough but doable. Number all your atoms and
draw in the H’s. Then ask, what is the role of the Rh?

2 COZM{:

H; 1) (CoCh,

Y4
o’ 0

(v) The reaction is thermally allowed, but light is required to supply enough
activation energy.

Ph CH,
=N hv N
> ph—
H;C ~



Ph NO
(w) e

H;C NO A
A NCHy), + P N2 ——
H;C b
CHj; CH; N(CHs),
(x) I CO,CH;,
H3C02C%C02CH3 U
benzene
CO,CHj
0 300 °C CH;
NS + )\ +
CH;

(aa) Be sure to account for the observed regio- and stereochemistry. Hints:
(1) The C—O bond is already present in A. (2) Na,S is an excellent nu-

cleophile.
o
I MeN
A Na,S HO
MeN O + DS — A <
(bb)
{Iq room temperature
N
(cc) OH OH

(dd)

(ee) 0 CO,Et
NaH EtO,C—==—CO0,Et ‘O
6}
CO,Et

O OH

o_ _0O OCH;
. QCH; 110 °C
f )\
(fH 7 co,CH, OCH, CO,CH;4



(gg) Here’s a clue to rule out one of the possible mechanisms: Irradiation of
benzene under the same conditions does not give benzocyclooctatetraene,
the product of the following reaction.

/| p
o
LZ%/
D

(hh) Atomic C has the reactivity of +C+, a double carbene.

I

atomic C

—_—

¥

(i) The key to this very difficult problem is to number the N atoms in the
product correctly. Draw the azido groups in their RN-N, resonance struc-
ture, draw the by-products, and then number the atoms. Then, for the first

step, think of a thermal rearrangement of organic azides that we have al-
ready learned.

EtO,C o
N—N
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WA~ S DA 53— A B R 570 BRI BRES S . (IR SR TT AR 4
RN AT LpE.)

Ph_ . _Ph P|’h — Ph Ph Ph
2 Y —— Ph | '<:>=< E S P114'—'7Ph
Ph Ph H = Ph Ph Ph

H T HL R PR B R B T, BT RL A RO B AR A AR RE R . TP
fEREE L, CR®>NR?>RO- K#&NMA |> Br=>Cl=> F-.

*E AR REAHE (OH) BEIEYE. BAREAHMES S TAM RS KPR
SE BB, AHL R 2% AP SBE IRU S0 AR 2 1 B SR F ) e

8 WARRIEEE HfeEMREm BRI
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Q. 0 ;
\ / N P

— AR T N+:<:>>N .>7N
/ \ }I\{] Ph NC \

WA IR — R BE A k. BE PR R ERIRER, NFORIOH Ly
R IRAEN=On B Mn . BT ZJA AP 59 IN-N,  N-OFO-Of, Jir DAL A
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T

CHs
CH;

HiC .l CHj H5C

TEMPO
H3C CH3 . H3C
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REIEL I RAG 2 A thdk . AR — M T MeHUERUL Blo™PUE. W RotE 21555
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Ph
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BR R H H
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; 20 -BuNC
cat. AIBN I H
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H H
O OEt O OEt
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H H
@/OTOEt O OEt
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\H_/ _
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i t-Bu *
i H
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H
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I H
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°N

NaBH;CN

Bu3Sn—1 BuzSn—H

t-Bu* ~ L~ H=—SnBuy; —> t-Bu—H + +SnBu;

A 5.6 1 H LAR B B2 G O LR
/\)4/1 CO, Bu;SnH CHO
i cat. AIBN

— e IR N TR AL R IBUsSNHE BusSnSnBus.  {EIX &8 2 B A, JEANE
C-HAUE C-XIM 2 R AXHIFRS o IX IS MANME ¢ s B2 ) XA TR B B i Jm— 25,
A ZBUsSNeFEIN X, T AEIA A 1A FEIN X o A 29 A2 P 8 L 5K P B B BN, 3
MBBEA RSN AT AR IR EE T, Si-XEEEACT C-XEE .
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BRI f Bu i —
Me t-Bu Me | _1-Bu
9= SlH cat. (Bu3Sn), O_Sl\l
% hv —_
I Ph Ph
IR -
Bu3Sn—SnBu; — +SnBu3
i-Bu B t Bu B
t-Bu _1-Bu
Me 0-si” o- s.
H
% o *SnBu; — \
D1 ‘\Ph/
21 RAER _
i%"{xﬁufx i-Bu 5 t Bu i r Bu B
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. Ph
CH,
1-Bu t Bu l Bu t-Bu
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M o—si” o- sl\l 0-Si
— H\ \ H - f\

Ph 1)

A FMC-HE AL SRR B BN AT IR ) PAEAT XA SN AL &
PIEAERCHOR (ELINBERT R Hh) ML,3- T FRIEA S LRGP IR M55 C-H
SEIRMH L ek B 2k ERKETBL bedd B A MUR R ntl, 2R B A
oAt S MR 95 C-HEE SEHCHe .
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Jo NI o L L
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C07 Me COQ Me

AL 5.7 1 DA s R ) AL

COsE
(- BUO)‘»
(@ E0,C7 NCOEt + & SCHi —— " EOC CeHpa

(®) b M

A F NSO JG 2 LI HEAT R S N o bo i, Ak A4k 4 5 (05 TR 95 SnBUBigk AT
B LR TR AL S B o FEIS R BY, Bu3Sne S NI HREN X, Az BRI e i 1 H 33k B
e PN IELmIIC, 2 e RAERR, F2E=Y)FBu3Sne.,
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@/\Sel’h A~ SnBus C(\/\
N N_
. ~CO,Bn BN CO,Bn
ARRRFER
H3C - 5 H:C CH
. B 3 3
AIBN A >'—/CN-\/\/ e A9 M\/S“Bu,ﬁ —» +SnBuy
H,C NC

CHz‘
sl A PhSe—SnBus
N\ N\
CO:BI] COzBI‘I
CH:' (’\ X
N - N SnBuy
~CO,Bn SnBu; ~CO,Bn e N\C *SnBu;

Oan

WAL 5.8 1 DA S R k- P L EE

0
(0]
Bu;SnH
cat. AIBN
|
CO,Et CO,Et

TR A ] AR A 3 T 2 1 S N IR R PRI SR B2 R
211080, FHRHUIAPIEE F 2L B 2T T RE bR . SX 28 | & Bk Cradical clocks) H
TS LEAR BRI S ML AIHLEE, K52 B RONLEE . RN S BRI B el 2k i HAF AR
)R 108, IR A W ARAEHEE HOIXA B 2k Erhin B EIER], R RBE 24T .
HBAITIFIARREHEE 10 B AR, HUOYEHE B A7 R 8] B3R Y2 AL B il
FEHG . SR, A0SR ) Hy i e (A A R IR 8] b AR bR S S SE AT, S sz _EFRATT AT B
NENFAE.

> Bu;SnH -
3 - /, . /\/
[: H| “H cat. AIBN [>\/ \H HyC
Bu;Sn—H
Bu;Sn—H\ HH \ /
|> <H H;C/\/

FE Ak 5 S . (Hunsdiecker reaction) w1, RERIIEREE (RCOOAQ) FIBro s N A ik
RBr. 75 & BRIIXAN S N T A KL, Ui E & H HIENIEE . FRERAR 25 AR S N A i
BIIRNN), 2553 2T B BRIV
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HR
O—Ag O—Br
REIEFIER 0 0
O~ O =
O—Br O-
SRR

5.3 FrEEH HERM

=¥

T AREE B A SN AT SN, S SRS BRI 57 R A S

531 JfERM

WA EYIDCHOR N 2 A 1.2-0 B i, )5 M KRR RN
fich A PR v B | e LT 0 B AR BT | B, BRIERRA o BRI o BT
I, AER AN EREE B A — AN R F AR 2R, XS H AT LT — BRI R . B
Pk ) p 2 A DU 2R e A i — B K e J B eh g, PNe st B eh 2 R A A SR
o, AN B 2RI R AR B S A R AN A C=Cr . AR RTREPT N At

WHEAEEE, ERRN.

0 e O~ O
D hv \O Norrish type I U
) -0 -0

z s W g

H
0 VBT OLH
S s



FEVE B 1R Wi, Ot — M N TeHBRHU y-C B[ He, TR 1.4-X0H i,
FRBE— SRR R — RN — AT, ARSI ONER o A I 2 R A B BUR B AR BN A
Thte W I ARMAEREN (FE RwhiRil? Ew® N7 ) HUIHX.

P J .
CH,
OH
Rg) C Norrish type 11 )l\
e B TIR) Ar CH;

IR 5.9. 2-fiF 5L AL IE 1 — i HY AR BRAR 2 71, (B AR GO T et o 1] HE D3k
KRE s N 2-REHES SRR L L () 145 B AL 38

S
NO, NO

TR AR T A A A R (1 1 PR O S ST o VA S P 2 I P 25 B ) AE B IR
KA RS HE.  i-PrOH 7845 -tk

HO._ Me
0 0- OH HO OH
N\
)I\ w ).\ Me ){ dimerization Ph | | Ph
Ph”” “Ph Ph”” “Ph Ph” “Ph [ ]
Ph Ph

B S N Y, R R INE R A 8- AH ALY . 5, TAHPRERECIOR ALy 1.2-X
B2k, AR NO A2k H didk . Bedadt B 3R HURIL I Ho B iobedt A Hidk . ke
BEH LA NO Z5 G LA AL 54, FRIE AR AIZ D S ML A i - ESTS 1
HKAIFACIT I, R KA R ) 2 . (B B 7RO, — Rk T
JUtTe I ettt A 08 L= e R, S8 MK TR OR 1.0


http://baike.baidu.com/view/1278221.htm
http://baike.baidu.com/view/1278221.htm
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Oy O~ - Y-
£ - P P

HARBRES G BB NV, (HARBE VLR A& . B NO SR AE I E i
B, i BAET RS ) C-N BERT#R A NO JE A AFAE TR &R

TR MR I [2+ 203 0 B nT AR B R SELEE I oI R A BT T 1.2-00 B Hh 2,
—ANE BSOS AR n B IRAE S, B LAXUE ddk, SRR TT. fRik
RIS T BAEM] 7 1.4-8 3 AFE. BT L4-H B AAER [ E o 5
JREFE IS TR SERE, T PA[2+ 2] # I s 2 8] 5E T £ o

hv

P (\. =/f B [ .\5 ’ -

5.3.2 &8 S 5NEMNE R R BL

M — TR E B I NIRRT DL AR RS OH X o Bk, tanff#x
R AEHEE @R H R FIA] o BRI RAIBR, Eoln C-X IR, il EEm k.
5.3.2.1 Ho Xt m BRI

SR Ho X B8 IR I SR S S e — R — bl 9 ol s 025 B

OL—NETFNEBEBREEIY, R E RIS T

2B A TR A RERE T, BRI T

3B R T A 7 2 B B

P255

OL— T NEBEBREEIY, R E RIS T

2. FH 3L B B R B A R R A R 3

3B AHMTRER ARE, EREREHET.

BRI . EET, SRR ETERIL, W EREA. PSR
A .

HEE, RERELR, BROSEEHE o B-AEEERHRIHUR R M EE Tk, 75
SEREE SR, AN TR R, @R T R —ANE R IR . RS K b3
SRNER, e LUERE MesSiCl AL FRAS 2 FRREIL IS IR E, iMoo A e A il
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Na EtOH
llq NH;
0
CH,
H-— OI:t worku
0
H

LR St T 2B 7 R BRI e b A X 3-HARI IR Ul B 25 0 TR B LA 4%
EL AR e S A A, (R SR G IE A CUAR R EAT 3L PEIA i U BE A5 B S 1 J B 2 R 4 o

ERTURAIRSHISIHE. ...
0} (O 0
+
R R R

BRI RERFESIHE.

0 O
Ll Li
only — e only
R

i PR 2238 5 f N, (Bouveault-Blanc  reduction),  ANHOAIER 4738 5 i /72
FOE HIRE . MAEEAN A RN A FE S &AW g, i NaBHs M1 LiAIH.. (H244)8
SAA AT BB AR G IR, BR-A 2208 S5 ST R A AR T

b1 oH

L\ LiAlH,
o = ©f> 05

H



8 5.10 b B TR PR -4 2208 S5 R
BRIE R trans (4 S MO HLEE DA 55 AN AR A0 R BEAT A2 IOHLEE CRR 3T 550

FHLELD . SEARLZERE D IR S — AN T R R M TP IR @R MBI R E
NP 7/R

Example
ph—— cy. L:ROH T
- 3 lig. NH; > <
H CH,
Ph—===—CH; - Ph—==—CH 1 RO
" /H Li . H 1T pog P o H
CH; CH, H CH;

BFFIEIERERS TN ALY L4 0. ERINLELR SO, 33 7420y B % 4
B, R IE A B, AR T, SURE R TSR R XA R
AT R BE R BRI o oD RO B P A L KD 3R oh T A B A 1 1 R
VS e o R AT HE HL ik [ RO B AE AR, BT DL W0 L 756 ] CEEGn-OMe) JEAE m B
b, TR (HEn-COHD 1 sp® AL fAr B

Example
HCO OCH; H,CO OCH;
Li, -BuOH
OCH3 OCH3
QL= O~ e
OCH; OCH;

OCH; OCH; OCH3

FoulatmNgy
OCH; OCHj; OCHj3;

N DR EMNER R, Fa— PR A S B, BU s R 7 A B AT A
P A NS LT 1R AT 45 2GS A IR ) - B TR IR T E A7 L 1) HOMO 1) &R i K
JIT A R 58 L7 e X A7 B A R A IR A
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Orv 2 @5~ O+ O O

IR A3 R R 25 AR AR R O T N R F A O JE o R R 0 (R R A 85
#EE, FFREBARE Y L B PA-EAL R (SR/NE)IGIRRR S, B2 BRI (O REAN
HRECA O, BRI PEE R ERR % .
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ZRIEEE

MR 5.11 i LB (PhCOMe) FEIEMEN &R ik i N, ks 1-L ekt
LA RO

5.3.22 C-X BB R 5B RE S

PRI EY o-C EMEIEER (Hdn Br #1 OR) AJ A B By TR JE A 25 . i
A L RN, (55 2, a-BRARERIEAL A IRERE Zn B JEONAE N (IR B . 7R P AR 1) LT i
¥a, BHZMRNEE, Er=yiR e, 8RR DAL RS e PR RN . RIS
RN I AT, B4 356 e 7 A2 M — (1 1) 6 0 B R i A 5 1) s B = ) S o

O
2.8 Br\y\
/ A, OEt \
(0] : O O
\)I\ = \/k _Br: )\
Br = Br N z .
OEt OEt (combines with Zn*) OFEt
O .
\ — Br- )\ 7n

OEt
Smly & —FSREA R R TIRJE, B TR S o ALRI % Sm y+2 i, (Efi )
T R+3 4y, FTCARESS tH— MM F 3] C=On $IERUE: H AL . FIE [ i 2R B A8 R
REPE, Eanie o S BEEL. HEREE o A B R R EEERT, BRI 2SR Smly AT LA
XANEER G, FIZ A ROSMI, AU I 21 B AR L B9 -
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HO HO
(0] 0 3 Sml, (0] 0
THF-H,0

HO g\
0. () *Sml, O—_+ _0OSml, *Smb 04+ _0Sml,

R, AR T =403 Smip RAE T &, MR E L
TE R WNEERSA o, PNERIE SRR B TR 1,2- % . (5 5.3.1 T (e b 2 Fr e 4 & %
OO PANEEFSRARF . 207 WA IR AER BIAARI 1,2- 1. B, SRNIMIER
FAREI T RO E RN T, T ZRAR 1, 2-—F.

(0] ¢ HO OH

J s o wagEn | Lo,

H.c~ “CH H.c” “CH
. 3 > 3 H:C CHj

ZERERN N 5 R NEER S =YK

T IBRAA 5 S L RS P BRHFAL N — A a BEE XA SRNH RAEAE D T o XA
HUEEA 7 4 & OHLEARBL, DXRIFE T4E B 2L & U NG A7 P20 it £ AN 20 7545
I AN S BATAR T B I o

Example
ROgERe)
Et0_ _O O -0 % -0
Y F o
o O- O
-0 0=

BUCE R IBC4E & T8 H 7NN MesSICI RTS8 RE AL/ E 0 B 1. m] AR i A5 2



BiE . JEIXANTE, BERGEE RCRAIRRIET, RER2 0 T RN IXFRCR AT RE 2
AR AR R P R B 2R8> AR R R AT R

Example
EtO 00 OFEt MC3SIO OS!MC3 O OH
2 Na H,O H
8 Me;SiCl
o- o OSiMe; O-
EtO_ _O O_ _OEt EtO OFt EtO OFEt
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/SiM83
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EtO OEt EtO EtO
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SRR T DIOE I B 1A oK 25 H TR CAN B DDQ. 75 254 i 25 Ja & itk
NI B T B T B AL
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OH O
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HEAT
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Ph OH Ph o el —>

Ph OH Ph OH

H
+ 2 q H
N :0H, NH M ki
HO OH HO * 9
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Ph  Ph Ph  Ph

WBIRR 5.12 i H DL SRS — AN AT L A A3 BN G C 57 B L.

NMe> NHMe
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A THAE B R ERRRA RIS . FE 5 BB 535 8 3RS 7E H 1Y
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HIFE S MG 1,4-FF O WX RE AL 2 _E 3R H T T ™40 o
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Y
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|
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5.4 HAhZHE BRI

54.1 12-BIETEHAIN TR

SR SCARHE R 55 S YR 7T LA R DU el 1, 20 SR o SRTT (1 R
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+ SMe
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& q\t SBOK C&Q v RESAk
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+

-
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\
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SRREH oo UL L

MAEIRAE-FE R 2N A 25— R B P Rl R AT o AR S L s SOk L
AN Ay EHER AW K B B P AR RN SE R o BT o AR AR, 28
JE 5 A A2 3 [ 8] 1) S P ZRE R— AN H E TA A E 2k B S B T R A B e
e AR A . TR IERIAIERIE C kA H hEEE U N A .

H H o oH H -CH, H C*CH; CH;
M emy BUE )Q CCH; — * o /Q e | )
Ph” O ph” 0D Ph” > O- Ph” 0 ph” N0

IR 5.13 ) s AR AR LR



i BRI BT AR R EDE R . B MeN(ED(-PHX R &Y & &7V M BA
FAE, HRBTAEZET N QIO T2 PR, FrARED & SRR FXR, S AN
P X FE R T LRI iR N AN S @, £ BEAE T (<100C), SAMP LG
PIRE IR AR HORSE o« N E R UG IRERT, BRI SV KA. BRI R A iE
RO B EES, TR IEIE C-S S5, R S B AR WA, 8 B Ak E A N
LR BRI S PR Y

—O A _O -O o
ST I ORI ¥
Ph” “Et Ph” *Et Ph” O Et

THRIFIE AR

5.42 ZREERME R

HRABSEUEVILHEE R SN RENAE. LS RE LR B T
TEPANENIE L3 AR R 7 17 3 o RS RETUHMTITA RS R REABA R, RIfF—4
X A BA SLARER R PE . X 1, 10 E HERERFIER S Lan— AN b 1 v
PN B EA R, (H=SSMMANEF H MR . RS H, WU EEPR
HI Bl A BRI, SN AR PRI R, BOA SARRR R . ARMAE =R AT, XEANTREARL
H. FrCL, SuAEm— M, AR M. EXNEREFEA o 8O E N o 80T LD,
FrCASR 2 T SLAREE R

Example

5 ReCENREH T RR=ZEERE, WA TR — X7, ME=Z4LSTH 72N
BRI . RoCHBER] AR =2 R AR R A R 5%,

ARG, =LA RRMEEN C-H A RN 2B EAALE C 153,
AR EBE RN HIE RN E B3, ERAS B R 7 rT DUsis f5 &K 4 H
FH 2S5 SN AR ) o RCEE I AE N OB TGS AIARE (photoaffinity labeling) . #E#Rid
1, H ARG A 4 B R AU B GHE &M, P a6 oA A AR e ke ) [ o
15 H#5 o



o Z—T

pm%hj\ﬂq - m—Nr\<k<:>'—’mf ><:>
i H }|{ H

HR R AR, BASE =S EMIRE . bl a- BEIRIEL S0
P AR RS . TR NS, XL SR AEIEE Wolff (55 — %),

N, fh

R SOBL T RS R = A I AR A AR %, BB E Wolff Bk, Bt
MPEOE S e 7R R AR E . W, BONHA AR I, RS R A R EE
A RBETHE RN T BEGZE R B

(FHEBAFESS XMW T oo HREEAWE 000

5.6 Mk

HHER 7 PR AN . K2 HE R SRR B, Eeih 2 EHE, %
Fk 4 8 E AR JF A A 5 A R AR RN LEE . | FRAEREIEAT )\ UL R I B2, A = FhlER &
T PRHURREL, N m SIS RS GRIR Rl 2. B REE-E RS, B, BT
¥, SERRAIINE, EEEAD. BIEE FRANHE TSI, GIUMERE RN, R
TG, A5k, X C-H BEId AR 1,2- 1B EHE. H 2L, BRIE BR800 % 1 I AH [
ZAAREH L o AATT AN [ 2 A R FH T A B F T B AN R A

&
1. FIESGRUT FE i (MTBE) Ml Z 40T 340 (ETBE) RERRMK 23 K4t (VOCs) e e,
EENTEREGIERBIRAF, AT P ERGERCR .. BT THF RIS 1) 5
PE, AL THHE A MTBE /£ A B MR, (EXT ETBE MEREUN.
(a) A4 MTBE EUEEAT THF A% 5 &£ B AL
P265
(b fERERM, R4 ETBE A1 MTBE?
(o) HHMNFR T MBS MTBE RN, 7584 %42
(d) kAR AHEAT EPA, BRI A RE & &1 ETBA (fiA2 MTBA), Aff
27 ($EfE: G RCETBA IJEENEHA? FRIEH A KFR? )
(&) T/ RiEmERME, ARG T, 724 T XEEKS%. MTBE #0
FIAE B INEE LT o SR ETBE JF¥& st F/Ki5 4. Pk MTBE B 45 515 44t T K
) JE A o
2 LA ZReICR B ORFH RSN, R HIBRI A . & &R (CFC) fE XA fRE, 3
CHENPIRZ 2 R 5L, BUON A R IR . SLAEUZ BIREIR 738 R I R AR B
. CRCly & —f i) CFC.



S SRR (HCFC) £ —Fh T CFC itk &4, HCFC 7E-FRERE, AL fift.
R, A —FigE, HCFC AJUIERACEM KRSED i, R EAASSHIARAZ.
CHF,CCls & — Pl #L A ¥ HCFC.

(a) TETZEF CFC i —L 4

(b) HCFC fEHRZ R Z P R — B A 42
3.0 H PAF OB AL EE

0.2 Bu;SnH
O\ + /\COQMe 1.3 NaBH, O\/\
I CO,Me

hv

(a)
(b) FRREEE — AN SN LA S 1 PR R A

g OFbn
\* %

(0) et fnar S pi

OCH Br 0
* 3LLTHE, H)c” N aq. HCI
lig. NH; reflux
COH CH,

(d) LA BRI NIEE, BB RRFTRIE DU e &7, —FrEI =Y IR, 55— Fh
B 7=4)5 PhACHO 1 CO (1:1).

o Me o Me OH
Ph «Me o xn [.«Me & /K + PhCHO
CcO

v

O ’
]
.,




OH

®) Ph
ROOR, 140 °C
o, Bt (]

CH;

(g O
CH;
cHy B 0N H3CA/C02CH3 i )\/\/
CH H,iC a T P b
3 3 HxC

h) A~ M pusH

PhS
CHs, 0,
(1) ,Oj
Me—;C O
N\ 0" N o /\CN
S / ‘CMe Bu;SnH
> o 0 cat. AIBN

i o8 CH.Cl + HCCl; + SO

+ +
B0, A 2 ! 2
ﬂé‘o L e ¢
i-Pr

() Note the use of catalytic quantities of Bu3SnH.

HsC
H:C CH;

I
I




(m) OH OH

(jj/oph s OB :
0 cat. AIBN (j\/\/
H,C0"" 0 H:co™ o <

(n) s Bu;SnH o

NC NO, W NC H

CHs S CH,

(o) There is no typo in the following reaction.

OCH; OCH;
H:CO
5 Li, EtOH
liq. NH5
H;CO CO,H H;CO CO,H

CH,OSiR;
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N
hv
CCly \

CO,t-Bu S CO»1-Bu

O .
R o e T
=

(r)
D

(s) P
(CH»)¢CO>H HO,C(H,C)g

(CH,)¢CH-
ﬁ + CH;(CH,),0H Ph’ c % ﬁ(/%
: CX - -

OO



)
CH;
NO
H:C . C<H

!O ; i :s 17 o
. ——

H
Bu;3SnH
cat. AIBN

2 Sml,

COZEI

cat. AIBN

Me Bu3Sn
OH

aa) Q u
2Li
= lig. NH;
Hc H

Me

H
MeO,C / Bu3SnH MeO,C
: Me
/



(bb)

MeSISE Messissi
X cat. AIBN
(0]
_ Bu 0
Me // \\ *
OEt

(dd) Fe(NOj3); has the same reactivity as CAN.

Me;Si0 EtO,C Me
Fe(NO 2
PR O Ph™" z j

Mn(OAc);
Cu(OAc)2

(ee)

PEE G T R RIPLE . Coo st R THEMB], RCeo M RCeo #ARRARE, HTLARIPIDHLH
FEH G



i . O_Ph o ot o
Ceo |3 Cen — Ceo —

O. _Ph O%Ph
HH ) H H™, o >py
~0.- OH

0] Ph 0
Cso ;r — Ca >—Ph
- O
O_ 5
L(OH +OH

(a) JEF E BRI, 2 AR (AR A0, AR
(b) BRI AP, 25 5B 5 ESCHR, 2 5 T LU R T LR .



6 SEERENKAMETEEEREF EEK R M
6.1 I E LB 2EF At

W R R N R ELES BN S5 AR O &L M PR TE & B
R IEAL, FIF OsO4s BT MM IEXFRM, LLRC — /28418 (Gilman Reagents) 1E A<
SRR . BARIR 22 1% 2 S B A IR AR A, B2 I — S AR (1) J5 B R B AR 25 5 1) B A
KEBTIX IR o ARTE I T — S 4 (1 M 20 s B o 30k o5 ) i /5 2l P T B — i
BEE BN TN,

AT R BT R NG Rk AR N, i RN (R SEE BN RiEITHS W
BT H LR T o« XA B AR B A WA S FE A RO . — AN e AT S T (1
BN 2 I P FE R OB 45 SRR T 348 T BB AR B3R 4 bb SR A e I AR R R B % . it 4
JBRR GEPERT. . 5 FHSB RS R RAWNE T, FRAESEMXEAFE S ES SR
AEABAE -

BAVHFEAIATATATHR B E S5 G E AN ER . G2 G BIANE BT R, thin Cr i
FIEREYCEME KIFHAT T Z A, HE R TR R R A AN XL R
HAETRREEN. FH, MEHNET —HAREE EER T H TR, CRSEHSEERFT . &
FH ] AEH B A LA R A 215 L3R B 1% L 55 B Py 45
6.1.1 BRI

AR R A YIRITEHLAL A 4 B 515 45 R0 <S8 5 A WL AP E RS R
Ao B BRI R 2 Ab A2 FA AT 2 07 5Ok — AR . fEA LA, AT I —%4%
WEER —ANE T B MEANSRBLESYWA TS, —&&arHESE—A— AR
FH—5% 6 BEEH o BIELK. TEXMBENT, XFLHRRO6HH n HWHTFAESREIL=E,

This bond represents Ph-"P\ C ... and this bond represents the same pair

'H,
two electrons ... Pt I of electrons used in the C=C 1 bond!
o’ A\ CH "

B NERRI 7 5B B = BE B2 WA T 1 o PR RS &R o i
i, FERXFPEOLT, HWHE AR 2R IMEORER Y] o iR R, 26400 o ik R R %
K, ARE n BRPAILNET CAHLERAEZTIBSD . 28, A IFAH L, ik
MERRA AT AE B TERR (RREX B . SRRl gex TP AR
MIZRTT:, Wit AR s e R 2 i1 6 8, MABER¥F R C=C M&RE M 2
R, L MORABAEH

number of electrons

" ;ﬁﬁgﬁnﬁ?ﬁg‘:; - Lr_]-smlfogrqphers orgqtmr,‘c he‘mfsrs in bond between
5ts’ ¢ : convention convention metal and TC system
M

Bé\\ M\m M%‘&f\ four

I
a7 .
M@ M—@ M \’] six

FEAPLE R THLE S s arl 5 g a w1, R BB A ko k. 28
M, SAEEEEK Lewis BRIREC G908 % I AE B NriaT. IXARER-IliE A 2 H
— 2% INEC P35 A g2 J (T Sk R R, (HRAEEZ UL N R HIEM — R 4R E R



usual occasional rare

Ph Ph Ph
/ / - +/
M—P\—Ph M *—P\—Ph M—P\—Ph
Ph Ph Ph
— +
M—C=0 M=——C=0 M—C==

6.1.2 T
A4S 5E 1 4B C A AL S PE R A0 AT DB A 258 10 S FE T8 d SBT3 SR IR
ey S
6.1.2.1 HAEEA; HFEE

FiETELM C A S HA 4 ANETHIE, BI—A s MI=A p, SATTHEBRAE )\ BRI
(CEAREEM BRI BENr/\EiR). SE4REEA 10 MEFHiE— 4 s,
AN p M5 d, ISR EANTENE 18 RN AEXS T \BEAARRLN R, I0E 4R 52
18 HFHIMFIREARRIBLH 1. whe, RIEREASESE, 1R 2 ik &)@
ATECAT A3 18 Pl e LU R AE R . R, SR I EIE A 1 L 853 UL 2 T FAS
KOEMNEPIERE TH4.

LV 4R 5 3 e o0 FORH LU T M i B 0 3 A BB R 2 A0S LT MR TR AR
B LT A A A — AR T, T SR B IE B Bl pA T DASA H— BN
HIATAT A T BRI, E B NGB AR U — N TR 2 I, dfEe
NS B2 DA B R A KR

— ke s, KEIE, H, RN, MREEZE LS &R LR R TS
.

UM FEF AN R,C= (R Eihe XIE), RN= QIEEIE), 5 O= (ALY X35 DAwd
G A BE)E LR T4,

Lewis BHELLT RN, RC=N, H,O Ml ReP LUK —%&fbli (C=0) FIZEH TR F Y
(C=NR) W HL TR, (%4 CO ERIEJE ERIRHE SR — AN RIE ) X FiH Lewis B
H Lewis B 1) 4 8 F12 B ) B AT IR 4 AR M7

Ph Ph
T /
M . P\—Ph —> M— P\—Ph
Ph Ph

t""‘\'— +

M L=—=0. — M—C=—70

SRR AR R0 n 8, R AR AT DUE A SR I Lewis BRACIA . XAER
FHEAE AR n 486 IXFh & 8- IR 2 —R 6 SR N & @ A C=C XUBa I s T B
My A ERXFK (spherical symmetry) (1) $% 6 f i1 C-H F1 H-H g LLX 7 BN
SR RO, XS YIRERRA 6 25 G . 4 6 S EITED T NIRRT, XARBEA K
NPNEEE (agostic bond) Bk # JT45%N (agostic interaction). 6 251N n A WI#E AT LAY
EREA =0 P T, Hr = contributing orbital % T 5 A KRR HLIE .



H ’H H }{ H H
L L WH SH
M——|| = | M——- =
C : H

3 i\
H H HH
T complex o complex

-

BRI RC= (RFFEFEIRFED, FIN= (R XD =B 4 R 45 &It
A = H T a1k

WHIFERE T DM i e R B T DU N =i oA 8 =i T4 i e 248
Z il C-M B LA 145 AR AE I m B A P LT 25 A

H H
H M H H 1\‘4[ H

allyl group (three-electron donor)

KGN Tk . RA SN A o @SR 6 &#, 75— n #LLEERXT
FRUEA GBI K n s e 2D T4k, ZRN=T AT WA S 5Me R, %

E \;EEEEAj é{—j\,f’zl“o
/

M/j M—-
R

=N—-—=
Ii

‘\\/

A=

T2k (CsHs B Cp) BRI T4 Bi& b, —MNHTRE T CHILhre, # T
BN UREAAE IM HE 74k SR, SEBR b, Cp KA C R T RARE D HHH . A% Cp 2k
HRT DL, ik — A S SRR E B DA = 72808 AEMUIRK R Ak th

R TR R
&
o\
M M

Cp group (five-electron donor)

IR LA E N T4 4R

HA IO LT FUBCAAR L I R, RaN X0 AT LA FH BEATTH 06 FEL >R ORI <2 S F) o B
& M-OR HAZ M=OR X B 2 i fif 3 — IR B ) o PRI 2R <62 7 B A A 1
= EOF He B Ae 8 M4y AR BB X AR UL BC RO BT, 8 43X ek Pl T LR 3

(R,R2N,X) ,4(0),H % 5 41K (RO,X).

N T E R A SRR S, ARG T B B e mae R TR R

B TN C PR AT A e i R B FL T RSO B A K S R R P R



T OB m SRR E 2 40, Bk, Tig— D41, —DNIAEE DB &)F, B
WFAREH M4 RG, (H2EEE2AE UM T .

R PR TR R AT RO TR (GRS, Cp %) MUABIEI T, fBECE TR k.
4 TR P T 5802 B 4B I UL A T B TTOR I o I R 7 VB R 44 L TR R 1 3 B T B B 5 R

YERN Lewis BRZA 1A, Wi fbd A RERR TR . ISR o M & B —A P Hud el
d FUE T TR FH = 26— 6 88, B8R R IS5 MR I3 — A —FF X P E A T8 51 Lewis
FR-RAH EAEF . A1 PRs (A L4581 [RIRE IR AUE WA T4 X o AR 0 SR 4 B AE 73 AT
d BB A IO ET, A d HUEHT URR R A o g RS, P4 — MRS, &
T AR AR, W R TS AR PTR « AR RRCEEAE FHEISS T C=C n B (il i3y
I e LB R TR, (ERE MR T M-C AIA B GEDEE T e s b1
BN 2 BRI 4. FIBEAEA TR, k- el DLE H R A R, 3
I —A (SRAHARD o 8L, BN RZ K2 M-C 6 #. fEifkE-SE% o+
&8 A S T ROR AR, AN 2 S 7 B 1 R 45 A 2 4 SR AR T e ) SR &5
.

H H
! 1 '-c ’
(é%JO() Eﬁg [ M—I <= M|
R C?HK) R g
H H H H H H HH
TR H) AR (2 IR FRly Dewar-Chatt-Duncanson m S5 8 . & J@-Buke 28 St ] Lo
HH G, NES A n BRETIEN o AR, £J8-1,3 XUGES S Y] LIS 2R
K&

R

R
| /s
Ml < =¥ W) e w7
C C ~_
| N
R

R

* SRR BB AT REE A AT M SR 2D 2 SRR SRR LT IR AR A R . 1R
A LT A RZ I AP S5 o

6 Z&Er ] LU H 2R R . Ho aTAHIE 6 S P 7 RGBT 6 4B &
Y, M- (Hp. WEREEAPALLER BT, Enf DA 6% mis, (i IfFHIes H-H 5
HABEWEARAREY . Cbr b, ERXERZ BE] T H 2K S YIHIES: S 14

® ” .
-w /
M—| =— M
E}E;ég A T~h

CO 1 RNC [t At ] DAFI & g _ERIIOS AR it — @Ak nl L) O <
JE A

M—C=0: =—> M=—=C=—0



TRAT e AR BB BT AN 18 @ o o SR LR, (EDRIX AN BT T, 18 H
THIZEY) PA(PPha)s BEHIVESRAZ R I HEAL ), (B FsE o 16-80F 14-H THIZ S
Pd(PPhs)s B Pd(PPhs). fEE/EH] . (G2, )@ AT LLZ2RAZA 1) PheP B FH AR LA
T PA(PPh3)s AREAAATAT S, PRI AR S5 S A 2B 125 L — > el P AN

6.1.2.2 EMERN d BT

W & RIS BEPE 2R AR R E A & R A SR IT A &R 31 &
J& L [ b 4 ) R S e, AR T 1 6 SR B et SRS 6 R AN T
BT B, SEBEE T T A, X T AN RSB, IR LOE$ S
JE RSN BRI B B A . B — 1 RH,RO,RaN X bt ik, Cp 2, S In—;
8 A R.C=RN=,0=8 /&=, &H A N=RCEAME I = (HZE%FTF RsP,CO,H0,n
G, OB, TR EAS R T AT AR ) Lewis BN EEAE AL A BRI R TE . [FIRE7E
AALES L B4 A S R L .

BEHEMEE: Fes, Fellm# Fe (1D, H—Fnt TIEB FRKAMIFAGE, FitARdgR
T XA S, R 7 SRR AT LA

d 78 HZES M EZRENNBETHRE S CBFEHA s BT BEEBHELST
MR . “d BFEC TN ZE PRI B IARERE . £EN d B8 2R
R 00T, do &R IIE RS S ANTT LUE H 4B AR T e LR 45 4

* AR AEIEAHETE, d MTEMEILE EATR. XSRS T 408 i SR AR 2,

d TR S (Hln—A 2 251, BiAMNE s BT 58 d i 78z . Bk, PdO)wERk
Jgdio, BMEE AL 8 A d TR 2 4 s T

e - RASEW 2, BRI LEILR &R A A i A s R 4 )8
AR 278 FHAE 74, SBEihtiRCy P aEmA L (F1 Cp Fifk), 1
TE& R NG R U A 4 ML

H H H H
i 1_'('Jr v C/
Cp:Ti [l - Cp,Ti |
ERY N\
H H H H

6.1.3 AR R

JUTF- T 1048 2 5 10 I REER AT A 23 SRR TURP SRS (V) S, 4208 225 (R DAL 2 S s
AN A IX B ML A f B ) i B G o WERAR S 2 T IR BB B S B, IR ARTES HE RS 51
S SEALER 7 TR A AT AR ) o 3 4 il 4055 1) L 2R e 7 T A o s/ R e 5 T AR LA
FAIN AR I BR BN /B-TH IR, a-tfiN/o-THBR, 6 BREASHE CRLFE I I & 8 AN <F U D,
[2+203 0%, DL B3 F% [ i

FEAAR N RSNV B A T Lewis FR-TEUS N, L4 7 IE M B CINES) B A2 30 [ Wy
BOOEBR. 2B EATS T S EH 245 RE R IEE R R, iR
Pd(PPhs)s—Pd(PPhs)s+ PPhs. fENN (B 2 *, &SR8 B (858 TR,
{HE d B FEENEA KRR . &R/ IBIRA AT BRI B o« X s S8 #2248 0d
WD, S8 - T PR LB B R A - I LB AT 8, AR Sn2 AEFE B IR LB



HEC\
HQC:CHE I /\

Il
CpoTil  ~ ————= Cp,Ti—PMe; —=  Cp,Ti{_CH:
PMe; dissociation association PMe;
18 electrons 16 electrons 18 electrons

FIAS IS 155 SRR 4l MR 1 S LR TR iz o 7Sk R B4 5 sl i AR s g 1

M-H 155 Aegs t MoAT H A ST i s, S F X A T R B &R
T HBAA AL, AT T 2.5 8B L BT W] DA B R 8 SRR AR T B o
PAERE KRBV TR R SRS IR RN, SF M-H #R SV E L
BRRALI H R BRI TR (MPHD. B, B8 REy 25k, Bk
IHEERAE T NSRBI FERAE T EMRT. 258, Wi SR 2 T U A2 HY -
EEE s T E ARSI R E

PPh PPh PPh;

| ,71 {\ <NEt; 0l _3 dissociation | o
CI—P|d—H E—— CU]rd E— lfd

PPh; PPh; PPh;

TEE RN S 2 SR I S R H 288 NG 2 A 4 I B 31 I R AS K AR B AR 1)

IR 8, S5 BT 1S — A BRI SRS BE SR 03X 77 T ) 6N YR8 AN S b A« DR Ut
RN O EMENIAZ T R RSE LM 305 2 [M].
LA R ST B A2 O B SN . FEE AR, — N EBIR TR E H OS] —
i X-Y 8 (fF, M+X-YoX-M-Y). X-Y #KiZ, X-M 8 M-Y 84K XA V2
— AR, NS RANS EAT 2 (RNER d B TFERRET 2), HESENEE
FHEEFT 2, e BEE AT, XMESRERE L SR E 2 a5
(B8] P B AR A R SIS 5 G U

AT LR AETERT A ) X-Y 8 b, 2 LT H-H 8 G&F H-Si,H-Sn 535
EHIEMERITER) MK b 78 Ho 0SB inmet, — &G 906 11 d FLiE sl
Ho 1) 6 SBEFIEMER, I BATW 7 H-H . A &JB A Ho6 BRI I B TR R
TR H-M 8. C-H B m] DL SR 77 SO & J@ A7 I ple,  IXAMPR 2 C-H G ik
BP0 IRTE 2 T BT LA A 11k S A B DL K SRt A 2 8 FE N 512 T AKX R . Si-H,
Si-Si, B-B, LA HE AL I I 70 2R 8] s P S S W DA EAT S840 I i Jse 1

™\ I
.e H oxidative addition _— H
M \ — - M \
H H

Bk itk ), et in = m R EE (R-OTH) FIBEMREE (R-OP(O)(OEt)) LI
B C-X YRR IR 25 5y HEAT BN N o 55T X=1 A5 I S8 Ak in ol B i, (E
FEFEARLNT . C-X B A EALIN AR H-H 8 _E A AL IR 2 AR AN [ o %FF C(spd)-
X HE, AR I MR R S U HLEE -SN2,Srad AT SnI——WIRIFEIITE B ML S8
BRI R P& . 28905, PA(PPhs)s AT CH3l £ AL I3 2] (PhsP) oPd(CH3)l. 4
[i' Y PPhs FIffES 45t 16 FLT-HY. dOf Pd (0) &M )G, Pd LL—Fa] RER BLHE R ALY




SN2 [T IR CHal [ R 45 H 16 HEF-, d8 PA(I) 48 &4 (PhaP) s+Pd-CH3 F1 I, 4R
Ja FEUR T 55— PPhs FE R4 H B &R PER . 16 PRI d®Pd (D A (PhsP)
2Pd(CH3)l.

PPhs PPhy A PPh; I— Iy PPh; PPh,

PhsP— P:d \iPh — Ph;P— P:’d \7—- PhsP P:d CH; —= <+P:d—CH3 —- I—P:d—CH3
PPhs PPh;, PPh;, PPh; PPh,

18 e, d19 Pd(0) 16 e, d!% Pd(0) 16, d8 Pd(ll) 14 e, dS, Pd(ll) 16 e, dS, Pd(Il)

LA AR 2 e R AT P (0D RAEFUIMBUR N2 J5, FTEABLINE] C A R EH, EsE
7 Sn2 L.

FAL IR B AR AT BURAELE C (sp?) -X b (i, ZIRFEFI DS He i ) o IS S
BEE TR . C (sp?) -X LRI N IR GEIE Sn2 HLEEHEAT . Srnd HLELE
—FATRE. J3— AT REME AR Pd B SO B LA R 1 B b, TR 2 E . SRS R LA
e AR P B B B LIRS, BE )5 AT U AR e R ARI I e ) AL TR . — 4R Pd-C BT,
[FI 1P KA N IEE T PAd-OI R V). 2 15553 Pd B, SHIS R BUE AL
B

H\
H
0
A H
Hoo\ °)

AEAT d HL AR 2 B DL R R AT AT S A, (B2 18 i P S IF AT
SIS R . X T RSB A Pd, Pt Ir, Rh BARCRUR & @ AR % & W,

*GHEN: & R AR A I RN o

TE%%&P(XMYHMmY)%ﬁﬁm&%MM@ﬁ&V 0 X-Y BAR SR S
AR EIRFM . (BT, H-Ti-Bu—oBu-H+Ti)o T30 JEHBR HLEA Wi A0 s i pLEE 1
%ﬁgoEﬂmE%A%IMﬁEiEMEQFLEﬁﬁmoT?EEH%%Pd%é%
((RsP) 2PdR2) ™, 1R ReP REPIHIE RIS AR, I J5H BRmt AN REE K 2E . FRREIE A
THERIC 2 e A B 7 O N R, S IR B, DU d A H K BT

Ph;P_ PPh;
Pd Cl

Ph;P, PPl
Cl reductive elimination N8
- Pd +

16-electron, d5 Pd(Il) 14-electron, d'° Pd(0)

NS B R s NAH B2 (B AR O B . FEFR NN, —N A=B n #HE A
B — WMX&*(MMABHMABW M-X FAI A=B WM M-A F1 B-X B4 .
TN BIE T EEE A=B RSB EC A AT, B VAR e RO . TR
SN, AR M-X 8RR M-A BEEUR, RICEARS . d TR E0RE R A e .
SR, RE—A m IR T —HUHM 6 # . RBIATTZESRFR) C-M F C-H JEHE A=Br
SEAE T, BRI . Tk (RaBH) R S B2 B e A o 2 — ANk LA 03
SR BICHEREC PN IS



H H

H H H H
H(J y  coordination H‘qj‘%H insertion H"‘ :\H
"pi—H Pd—"H pdll H

FI Ak Y AN sk VB TG 2R AR e R AR AN SN o AR A N SN2 (B AT AT PR E T X, AB PR
) X=H, HHEEEEANWa B-H, Zr-H, LK Pd-H, MNZIEFIRMT. ¥ C=Cn
FHAE] M-C 1 M-H B R IREZER), XEESEFIM L. 5070, 24 X=xzmAkesE
FEIIIHE, AR FEI. A=B n 81 L& C=C, C=N, C=0 VL AHERRu.

B THBRAIEAN SN IO [N o ASIR AR N, —FF,  B-TH BRI N AR FHA 5] A A
d BFH. liERESREMAFEFRISE. 245 Nibiw LK B-iHER N2 B-E Wi
Fr, it M-A-B-HH>M-H+A=B. B-ZAWWHREANEBILEZNES, FHAEFHT
1R % & @ - S AR 1S HOR R 5 o B R B-1x1 22 T PRt 2 2511, 545 BrCH.CH2Br A1l
Mg 1 SEFAREE

i H H H H_ H

B-hydride elimination m fast / \

H 4 TH H H — H H
YRR M—H

M—H

IR A © IR HRBT 6 B, I SRNLGEE R R I ST BT BRAZ
ARH PRI SR, TR B S 8 g 2 i 97 N S Bzt 3 2 T ) » 258105, CpaZr(H)C,
A 16 LTI dO S8 5 W, W ARG IEREAT 20T IO, e A3 B ek 2 1M AN 2°
0 — RIIPCE AN R A B R A B 1Fedk-Zr 8, Wi e 2R AR A
B WE BUEAT— AP IaAA o Je S8t v] AR 3 — AR OB, B R AE = 2 AR T .

H N H H
H;C . HiC H HiC 4K/\
H”| _H o
H /H (a) (b) H /H (a)
CpyZr =~ CpyZr H —  Cpr -
\CI \\Cl H \\CI
H
M
H;C 2
1 H H H
K‘Kﬁ (b) /H (a) H
CpyZr H = Cpr = CpZr H
™~ 1T H \CI \Cl
(a) insertion; (b) S-hydride elimination. only observed product

KR EY AL a1 CO F1 RNC L REZE i i N AIYHE B s B (517, M-X + COSM-C(0)-X). Al
TR 124N, X R N2 LA RN . FE—k B, BT CO F 8 MAEHRR A Z /T
Befr 24 b, ) i PR A S E A 0% . CO AR M-C B R BAEIR 2 B 1 e
R @RI —2, F—IRN, RBLERTIHR,



i 0

C
R ZR
CO I
Cngr’/ Cngr/ —  CpZr R
\C 1 coordination \C 1 insertion \C 1
PPI PPh
‘ 13 C . o ‘ | 3 20
Cl ~R O: elimination cl— 1 _C
—— Rh'e_
‘ \.._,./ R H/ R
PPh; PPh;

‘o-Fl A Fo-THBR OERS SR AMB-THER D WS Z . -l ERAESRE LA
F 3 — MG JE LSBBE R A AR R 7, AN IR em b @M X-
M=YSM-Y-X) RARLI B-SBAAN S, FIB-SEREANIE], o4 A\ S 2 <5 Je ol AR 182 F - S0k
ST fEa-THRRTF A AR MR M. a-fli Ao BRAE 2 AT I &R P EONHE L,
DRI gk o < Jom B 1) T T2 Bl 2 LRk

f\r_w o/\>
16 electrons, o-insertion .| 14 electrons,

Os(VIID), d” Ob_ O¢(|)|s—o Os(VI), d2
o 0

-O-FIE A S B AL FEM-XEEANY -Z 5 () A2 ok 4 HM-ZAIX-Y . (BE —M-YRIX-Z) .
SONAEDFER, AT — NI ES . EALSRUE TR A A e, T XANE
PRl s B2 AE R PO 48 rh AR S . (FEdZHZS A B2 TS, — R 1)
SR BR -V R s B T DL SRR I R S D IERE RIS 8 R FE R, AT ERIR
FIsEIELE DO S TR T B ES, BARE R SR SiEE 2T Re Rt T
T

/OR a-bond metathesis RO,

. N\
Cp,Ti — SiR3 > Cp,Ti N SiRy
H H

HEE R, W EM-XAM -Y A B EA T B AL HM-Y FIM =X, & — PRk 16-
BTN . A MBS R e R EAFRIR), tunfE2 BuLi +
Cp2ZrCl, —CpoZrBup + 2 LiCIH, (H2 A I EAZIXFER, it (PhsP).Pd(Ph)l +
R-SnBus —(PhsP)2Pd(Ph)R + I-SnBusH. A7 1 AHXTF 47 1 1 43 b anSniy i 6 8 e 7%
&ﬁmmﬂk&ﬁﬁméME% {ELRE M HEL TE 1 (1) 76 2 L An LiFn Mg 1) )3 ¥ 4@ i AL i)
T 4 B e A% I N R] LAT T T 2R AR SN2 B S B



/SHR3

Ph;P R;/ ('I transmetallation Ph;P R'
3 \Pd/ - : \Pd/ [—SnR;
R” T PPh, R™ T PPhy
MeO MeO
(\_\Ij transmetallation :@ LiCl
Cl > + Li
Cp.zr< Li Cp-Zr
P2ir< Me P2Lr~ Me

2 s 82 AN G- B A N S IR 28 2 3 (1 DU AR O Bl R I R (O S R o B2 HIUS I AE 002 i 11
W FE LK EPILINCPLZEL T R A I %« AERAD RN, —ADNESER T E RIFEZr-EtiE 1
LA —ANEERE] EIB-EE T A . B A C-HEE Y fL 1 CHIR AN Z el
PR GE G RAA . R ] IR G - Rk S8 . IR e JE A
PRE I A SR B A T A A SRR, BRI, SUR AT R, E )R
AR P b P IR < th ] AR (O Ak T RE A IR SRR S S AL 54 o B-F USRS (17
YIRS (1, B~ k-3 B T B S SN 49 281 B8 S 2= WA ), 7 B S B IRIESE R X
TP KRR EERARH MY, y-SF U N A IR 1

H H

CH; H H H H
v \oH B-hydride abstraction  H v 11
CpZZr-«Ll - CH, . CpsZr ~= Cpozi—||

H H H H H
H H H
H H .
H H reductive
CH CH oliminati
W>|_H : B-hydride elimination W>|_H 3 etimination
CpyZr 4 ! u Cpydr—
H H u H

o-ZF UM 2 LT AR L 7% 5 MCHE Bl 2 B (55 =i A I I e @ . — XU 2
EIEEEY (R-M-CHR™) TEMBFEIR, PULOHLEE TR E AR H— Mg X&)
(M=CHR") . &REAMSRANR, &in]UEHAEM D EdE 74

O
H
I JCH ”
ArO\W o ~EH ArO—/W\ CH;
ArO/ \"I::?\/ o-abstraction ArO 1/

{24238 N = i Ae —Fh 4 @ LR [ N . [ MEAEA M=C, M=NE{# M=0X{# 1
FERT e S @ Ao . SO AT RE A I OV R A B 4 R E AT . TE[2+ 213k
SRR B IS . [2+2) 3 3 0 A AR L .

E QRLI] Mm ij\mu]
I Ph Ph Z >



<R B AT R TR SN

6.1.4. {EFTHERVSEAFIRRPIE

AR 5 B SR PR B AR TR L Y <R AR EE AT S SEATLER
B5T7 HEA TR B 0 SN USRI TR 2 B dn— A el R 304
PLEL. SR1M0, SR SN IIHLERZ B A4S IR, R 7 AR A RO R R 2
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A stoichiometric reaction mechanism

H H
c O—CR c H,C=CR,
CpgTi< DAMe, ==  CpyTi=CH, ———2 cp,1il JCR, —
Cl (a) (b) 0 (c) Cp,Ti=0
(a) dissociation; (b) [2 + 2] cycloaddition; (¢) [2 + 2] retro-cycloaddition.
A catalytic reaction mechanism
Me..,— . Me
. . Fi:ifH __\&Me" " Me
2 ~y .
\7/{6” (b) M M {a) oxidative addition;
0 © e (b ) coordination;
Pd Me | Me (D) ; .
N ol (c)insertion; .
Me, Me Me, \'R?] PdZ_ {d) reductive elimination.
Me7—r"' —Me ,~ Me——— e
(d) I u F/fCJ
H H Pd““H
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MR D Al 4

HAE SR ML B, SR REE 2 T AN I & R 3 AR AL K S S LEE
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i < S T AR 2 B S M AL B A, FE— MR WA AN LE— Rl ) S SR,
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AL AN T M UASHEE AR 3 e 20 SR OGP AR AT A ) o X AN AR 2 ] B R ]
VERIANTE o PARHEALTH LS AR AL R SE 5 5y W S0 HAT 36 SR T AT 0 o S AR A7) i
161 BE R RIS (8 Tl sy R o A 0 rh AR 22 S5 N7 A UL FRD 0 585 — AN 7 302 e A 1
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6.2.1 EdEERBREHMKEHMMSIHERI
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o SRR MRS R RIS (P17, A H RTINS o i HE—m L) RE )
T AR XA N 3R SCAER) Pd, T Pb 80 Ba #: B Pd Clindlar 465D,



Pd(OH)2,PtO2, 5832 1 Rh, (PhsP)sRhCl(wilkinson 4L 7)), LK Ru-B4& &4 fhi] 1.
TEARK I — B ) 5L, AR J FF ANV A 0 S A NS B I LR B O AR SRR I, SR T
WEE YA AL R Ee an wilkinson AL BISK,  Xf X LeHL B (R AT BT T AR TAT 1.

F e 2, 3-HIIE-2-THEAE PAIC AL R IR Ho IR SN . IARGETI) C-H 2R fl, —A
C=Cr $MWr 2, PRI AR RN 7R T — MNMEN RPN A . Pd 4
JEAL (0) AR (d©), FrPLER DA Ho KA EACINEUR N 45 H A Pd-H 8. ki Pd
BT D . WEREALAIE N Pd—H 845 1 T Pd-C 81 C-H 8. )5, iBEH
BReAH TP CA K AT PAO, T HT R IR T AL AR R .

Nl
Hy Pd F\&
\-ﬂ:} (b) Me. Me (a) oxidative addition;
Pdo Mo T ~ Mo (b) coordination;

ool (c)insertion;

Me, Me Me, \Mﬁ Pd__ (d) reductive elimination.
Mes S Me Mo = Me
7\ (d) 1 / H: ‘_/( c)
H Pd ~H

Note that curved arrows are typically not used to show electron flow in each mecha-
nistic step. However, the catalytic cycle is explicitly drawn, and every step is one of
the typical reactions of metals.

A G I & B AT, AR RIS R AN, ATREEH T — R
TEIR, AR S s, JEH A 25 (A1 RS M 4k 77 L an wilkinson {46, 7EREALAEIRTT
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T, HEYTRS 5 RN, (HREXBRARESE.

AR L WIR,C=0 (H{# ZR,C=NR) HIEAbH, EM-HEE -3 AT L4 HH-
M-O-CHR; 53 H-M-CRx-OH. %} — &G #0 AT LA I 38 IR U B R 45 th B Ja I BE =)
E—BEM-O-CHRLL & )45 J& - AT 2 B2 5y HE i), R LS A 80 T 5 i 4
J& L AnRUANPA ) B RE 2 ZE A 2 1. PRANHLER AR AT DLLEATART 0145 58 SRS A S 300

R R L, 4-2F O 0 SR SR AR S ARV U A M H I B AR . B R R TP AL I Pd
(0 PHIREPEE T4 G4 H T S MBI YH-Pd(11)-02CH. B-Z KRR H TH-Pd
(1) -HFICO2. AL, Pd (0) F1,4FF O M0 TN JEC-HEE I N AZi HY T FR TR s -
Pd-H. TEJEIM I, PERE G B-9H BT LUK TR 8 16 APD-HEE 2 AT A2 5. A — Lok
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, HCO,H , ,  -OCH II/OxTﬁo ~CO, 1 _H
pd’ ——— "Pi—H —= Pl — " P
H H

(a) (b)
(a) protonation; (k) coordination; (¢) B-hydride elimination.

[
I _H
P+
t“aJ {bJ {CJ H

HPd

e

{a) oxidative addition; (b) allylic migration; (¢) B-hydride elimination.

J& 1 4 @ Pd PURIRh I 28 S 0t ] DML AR e ft, Sk Etl, I E i fin
B REAL . EFEC=CHIC=O% &S 7] LA S A e AL AL AL, SR #h S A
W AAEC=CHE BT CHEeRle nT DLE B D AR B I L IR BIC=OFC=C# I, {H 2
FHRANTE R 10 LLan JLAS IS ((CeHaO2)BH) TR EMEALT]. JEH, BN N X
SR A B E AR FRER ) A X g S LA S & —FEr, Hag
H-H EAL B R3Si-H (RsSn—H, R2B—H, R:B-BRy) AL IR T -

Problem 6.1. Draw a mechanism for the following diborylation reaction.

CHj
cat. Pt(PPh3)4

2o 7N FReR (BE-HD) X T, — MAMERIKAL S Lai AM-EBE M-
Hegrb . RGO, BB SIS, Rl A 2IM-EdE ., 2R
MAERLE R N R MnHA SIM-HA AR R AR T, SR e it 5 bk
ZJa g B FEFER .

Ph

Ph.
m_SiR —==0
R;Si—H Rh\H 3——\&Me
\7/{0') (b) Ph. (a) oxidative addition;
MeFO (b) coordination;

I | _SiR;3 (c) insertion;

Ph A Rh7 (d) reductive elimination.
Me 7— 0 Me ._/ H
(c)

H (d) Y \ S]R3

Problem 6.2. Draw the mechanism for the hydrosilylation of acetophenone in
which insertion of the C=0 7 bond into the Rh—H o bond (instead of the Rh—Si
bond) occurs. Your mechanism should give the same product as the one above.

WEAH TR AL IgE, WS, TWBHRE R MEUA IR S b



AR S B o AR RV R PRI SIS 0 S IR T 0 o (1) T B B

FT A AR I AR ARG BR TP 20 IR P . SR — M — HA AT L& — R IR
— SHBR RS B — A XU AL ) . S BIX R —ANEPA AL HP SR R 22 R AR IR
R @ X AR IR A& — 4 D =1 AT .
6.2.2MEFBEL. (Co, Rh)

RhFICoMI LA ] Mg I kAL, At R H2FCOMBIC=Cnt k4 HEE (H-
C-C-CHO) [HJ o I FEAL 2 5 —Hbpt Tk BN BB —. RIS
PR A B FH R i T, 2 R AR B T BEIX b 32 B BV 75 5] S B2 fs F Co ) i
W FITESERRIIPhIP R EAT, (EJZ IR M8 F RhEEALTITE SE AN 24 T T I B
SBEHLERAN 2 E 1 T e i A ORI HLER L P2 —FE ) HoX 42 J8 (A i s H
&JE (D VAN WEmAGHEESE (D %aY. B RRE - SHREEEL
LD COMARIM-CH A B &8 (D &, SaiR R RS
KA AE SR (D BEY.

H~ =~ Me

1 111 H e
L,Rh L}» L,Rh? H Me
(a

L LaRhT
H H =\ y H N\ (¢
= Me
zz : H H H H H H
© H L oMe (€] g e=Me (b) g

Me Me
H . 7—r 7—(“
H 111 ‘. 111
0 H O=C—Rh H L.Rh H
i L~ CO ™~y

L,Rh—H ""H

(a) oxidative addition; (b) coordination; (¢) insertion; (d) reductive elimination.

TEEBIM-HPJFEN T LA A i fs, —AMRA1Sek-&)Es CERPR), —4
Hf2dik-a @, B MRS BIE TR, RS - NFaRat s TE. £
FATERTATE O N A2 EEN), R ZMRaE R 2 E&)E . BRI . b
ERARMIE R, F2I0E TR ok .

INEEFBEAL Csilylformylation) B NALE, Wat2fEle (RsSi-H) X% THy, FIINA
FH A0 1) S B ATL 2 — 3

Problem 6.3. Draw a mechanism for the following silylformylation reaction:

OSiPh,H Rh(acac)(CO), 0—siPh, ¢

i—Pr)v\\ 1000 psi CO E—Prw H

6.2.3 &R (Zr)

AL B, —ANMEAY (R.BH) InEl—AMaEE (R°CH=CH) L4
R’CHCH:BR;. 16 FdfiZr (IV) BE&HICpZr (H) Cl, sl A A it L o7
(Schwartz’ reagent) WA IEF KRB PLELAFRE T — D RGEFE BRI Zrh L AL
PR T R IR BN Zr-HEE BT AR AN RS AR I s B A 56 4 — B R AL .
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oz _H H H H H insertion H H
‘palr -
P \CI coordination Cp22r< H Cngr\ H
Cl Cl

RS S S B B R e B 2% 5 0l W AR — P B IGR . C-ZrAECAL
E%ﬂ% FIT LKA S5 52 i FFZr-CHEAG 21— oekes, SR 1T 18 ISR ILINBS B 15558 FLIY) B 32 Ak
IETuf%iﬂkﬁﬁiﬂc% COmE FRALY (RNC) HIMIE T E T — Bk Hp T /EZr-CH P )4
Ao IKRREISIBE i 28 AR S e B Jf e fb e e b el i . C-Zri AL E SR L
iCu, Zn, P& N BATBIRA, | L“ﬁkmﬁjz%kﬁ%ﬁé)%%/\%—wl%ﬂiﬁﬁ?m
AL T AR ALY R IO A8 AR S B 5 A SR o FITAT PRI 28 5
(B 7T COfN) MW EFoBIT M MILRE, B H iy 1 BeA il AU LB 5T
AR

HJ' ‘\R H,' ‘\R
H"Hﬂ HE" o :? i"H qu H:; HI""H
‘» H"- X / Cp?zr @ 0
a
R (a) CpﬂZI fc) H ‘R
Cu—X H H — etc.
X H Cu H

{a) o-bond metathesis; (b) insertion; (c¢) transmetallation.

AU CLRTSE R —#E, A Cinternal) ke US048 s 7 I e Bk B AL 5. it
R Z PRCLE TS0 KB A e B AIHLHELR — R SRR ARB-THER -

H,C wcm
H

szZr< 8 1. CPzZr\{\/v\ CHs  onLy!
Cl Cl
Me wMe H Me
= H i
Me Me
H H o H p o Me
H insertion H H B-hydride elimination etc
CpaZrl CpyZi~__ H Cpazr
a P2 i

Problem 6.4. When internal alkynes are hydrozirconated, the Cp,ZrCl group
does not migrate to the terminus of the chain. Why not?

6.2.4 HREE (Ti, Zr, ScHHE)

WRBEASGHEB OB IR EREEN T RN Z —. 5% E BT ERET O
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coordination
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H,C=CH, CpI; : (\\
R

V4 P B-hydride elimination IV 4
C[JQZI'/Y - CpZi—H + P
H H

v Vi
Cng_‘} —CH,P a-bond metathesis Cp2Zr—H

-

H—H H—CH,P

P = polymer chain

55 VU IR ) 15 42 & 2851 v 1) Cp ik (A1 e ik i FL e B AR 2 Ja AE R AT S B IS 73
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- Me-P~;
MesP { R P
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Me3p"x,_l_! m H H  reductive elimination ~ Me;PY 1/
a]A
R

L O S R IR A B e, XA Bl 2 st < . M keH.C=CHR
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Problem 6.5. When alkenes are subjected to polymerization conditions in the
presence of a sufficiently high concentration of Hp gas, alkene hydrogenation
occurs instead of polymerization. Draw a reasonable mechanism for this trans-
formation.

6.2.5 MR T, HRENRMERFA RN (Cu, Rh, Mn, Ti)
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BOLo N CO,Et CO4Et
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L.Rh" ;— L],R}:\ < N, - L,Rh
(a) (AN .
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) Eo.C H (&)
CO,Et B H
v _Bu u
L.RK X >=<
H
Bu ‘Bu Bu H H Bu

(a) coordination; (b) [2 + 2] cycloaddition; (¢) reductive elimination.

1R % P JE T IR S B HLEE_EFIRh DA K CuflEAb KR T et R AL, . 2807, Tk
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(a) coordination;
\—f (b) |2 + 2] cycloaddition;
(c) reductive elimination. +-Bu

-Bu
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electron transfer
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Problem 6.6. Draw a reasonable mechanism for the following reaction. You
may find it useful to draw PhI=NTs in an alternative resonance form.

PhI=NTs NTs

o A< COMe

~_-COsMe
Ph cat. Cu(OTf),

Sharpless3 48 b S SATIX 28 Sz AR b DL —Fh 5 4 AN R 1 S S HLEEREAT o IX AN XS FR Y
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7% (+)-diethyl tartrate
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K+ | 0201 o | == viOs] _ vin g
HO' by 0" ©OH (a) 0" O (4) oxidation;

R \k (b) [3 + 2] cycloaddition;
HO (c) R R  (c¢) ligand substitution.
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s . VIE)S/ b) <\
N (b)

Problem 6.7. Propose a mechanism by which the oxidation of OsO,(OH), to
OsO4 by R3NO may occur. Hint: The OsO4 product contains the O atom de-
rived from the amine oxide.

0s04Z 5 IR T LIME el KRR B AL . S — AN R AL R = 1 F e, (L
FIE 1105048 K20502(OH) Mk 2% 1 & AT GEH ZNMOELE KsFe(CN)s) LA /K
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Problem 6.8. Draw a mechanism for the following Sharpless aminohydroxy-
lation:
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X COMe - AU Vie
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6.2.7 XA HIFER ML (Hg, Pd)
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X, EHEEXANHRRPHOE S ® (V) A, Hg V) 2EEENEAS) AL
HI155 T C=Crfi 3 HATHi 5 T2 L. kFﬂ%ﬁ?UﬁIﬁznéﬁA%ﬁw@%qﬂﬁ’kﬁ\ C=Cnit
PR AR A —RAEHg (1D F1 5 —AClR 6, T — Maer, nTUAEME
MRS

e 4“ I 11
coordination —D HgC] HgCl

I

An alternative mechanism might begin with formation of an O—Hg bond. Insertion of
the C=C m bond could then follow.

SN TR 4 28t B S N BT . B 5, NaBHaI@ ik SEAZ B S MoK
RHgCl# L ARHgH .. RHgHF 5 £t B B 2850 i gh HRHAIHG (0. (1§, KM JETE
B L T — /NS KRR D

0] 0]

0]
NaBH, free-radical mechanism
I I - CH;
Hg—Cl Hg—H

RHgH 73 /2 HR-Hg6 B ORI . IXFEIIAS 2 MkeE B i3 (R MH-Hg-R
HZFELH 45 HIR-Hg (1), R-HgfI#%% HHg (0) FIEEAEYIFI . BIRIE RS 1 IX AR
fs N, kedk EH H3ER 4UZ MH-Hg PR BCH 5 R E YR AT B8R A2 S8 )
5 5 7 EE x4 3 A e

Initiation: O I
B O i
g—H

Propagation:

O O
[C))_'f\H‘)HW . [“)_cm +1Hgﬁ<j
Oy — O

=




Mercury-mediated reactions of alkenes have largely been superseded by other, more
efficient, less toxic procedures.

Problem 6.9. Draw a reasonable mechanism for the following reaction.
Et

A

OH EtCHO 0~ o
: : HeOAc

CgHyy N

H2 OBk B N BRAERRTE S AF P AHg (D AL CROA BEAL T I SROR H T4 e IE
1T IR E PR AR H e LAEAT )

H,O 0

R—==—H . )k
cat. HgCl, .
cat. H,SOy R CH,

S SLHUEL TR M HQ AL X MR IR SR AZ I S — FER . FE5R 20, Hofukentit f
BT AR G . 4% Markovnikov A 7K BEK & S i) — AN CERF45 T 2-52
H-LGEANIR QD LEY, —MEEE, BRI e —MRIEE 7. iR R AR
FAASEIHG D MEEGH 7 D ESRIMEE, HAFME T R)EHE.

R———H H
I l ~J loH,
Y- -
coordination v/ - H*

R 0 R OH
CH; H H

n H i}
N - I -
R TOH R OH

AR B SR SRR AR A R AR I N B o PO IR S AZAR RS 0 & (0 n e+
AH, JCHRAG2-FE A TR IR 7 B SR AL B 51 A R BRI FE o [ S FTHO AL T R
RINLEETE A —FF. SRTT, P A SE TR 20 R i s il i BT A & s, X2
B IEARR SINT T B-E I B R AREE (o PAMELL IS 1 R U S B £ E 2 25 1) 2 I 34
Wittt (6.3.6).

Problem 6.10. Draw a mechanism for the Pd-catalyzed cyclization shown.

OH 0
cat. (PhsP),PdCl, &m
A

A

Ph



6.2.8 ILFEMBLR L (Cu)

B C-CU AL T LLR A St B-ANHRIIEAL A I SEBE N A, JE M. 1%
Pl 10 A CUBRRR B 7T LAREAT IX AN R B2, A0 4ERCU, RoCuli, RoCU(CN)LiFIFLE . I
IR AR T 50 1) 5 0 2% AL Y 308 S SR /N DGR I 7 4 B A

Cuth &4 9 A= (R 8 0 B 7 LB 4 AR T o S WLER AT 2 - Fr 4 (0 42
P, FCE RIS SRR LB, SEEE T, VR, BNA, RIS R, RS
B TR SRR, T80 T CutiFh i A BRI T AR, A2 50 0 T WL BRAR S g
7% . MeCullist T2 2/ 9 RN A 0 7 B G s 16 L T (AR R o0t T4 12 O i i 45
BILBHL T . IRt T Me-Cutt (KT B AT PEMeCURI AR BS 45 1 T P s th . I
i LA I AR ST B MesSICI (RTREZ 5 T IRSIHLEED B0 ekt ik i3k, Bl ¥IMeCulf
Rt — #0155 R

O M
Cu M
‘ Me \/Ie y C 4‘ e— Cu
(@) T ®) T
Ph Ph

(a) coordination; () insertion; {c¢) dissociation.

Ph

FEREAEIICY (D MIFAE T, M A s, BRI SPNIB-Tk £ &
oz 2GE RS AT (RMgX) MCUX )i I8 & @ Aok 25 HIRCUBE R.Cure Je A4 b 5 4
JER T AT SN, SR AR H . Culfily shATRMEX VI €& 125 Mg
BEdh, SR T EALTEIA.

Problem 6.11. Propose a mechanism for the following Cu-catalyzed conjugate
addition.

Me
Me (0] F 0]
X, 2
i-Pr cat. (Me,S)-CuCl i-Pr

6.2.9 BFEMBERMN. (Ti, Zr)

SEREE, JTLHETIMZ, EEfl av) fhEENfE. £ D SHSeEl]
VERIEIFARF, AR DA —Fp AR R R BAEH 2 R BN TR AE AN C=XEL
H C---X P A Rk — AN B 1 C-CHER 45 BT I X-C-C-X 8L X=C-C=X. & (XA LLZEN,
o #C.)

3 T PR BRI S 4 0038 JE AR B I MeMurry (B B . =) ] At 1,2- - BEER
IR o

OH OH

O
, g TiCly LIAIH, O_O o QZQ



YL TIAF CELIITICIs/LiAIH4, TICI/Zn%E) #k O XA [ S o 5 PR e
McMurry (BB I 1E R BRI, (R e & T BRAMLESHITI, 20T AD 53
JEFAK. FLEH RN . FTUERPEIRETE QD f—ANREEIE R T o &)
RGEH TTI OV) RIFE O, B A BREEMEALAE AL H T Til1,2- a9 . g
AT AD YR EALEIH AP — N0 F b, #inT LR A5 11, 2- FEHE Rk 45
H—NEBEAPATE AV PFh.

mn 0 I\
L],Tij\ L, TiZ L [:l‘;]/ R workuE
R R R R

{a) coordination, insertion.

R
0] T1 L 1—0 R R
'n,r / R n T
5 iR . z,/i T
i .0 T: T1—0
LTi<™" R " kn R™ R

765 —AMcMurry [ SOSAHLEL R, Ti CHD FERFEZ AR T T (V) BRIEE hE. @il
ARG B A B A S N T 1,2- 2. CGETLED.
Wi 2 B R 03 TR AR IR AR, T DA 3 CpaZrClo, Ti(O-i-Pr) s £ H e I Ti (V) Aizr
N)%A%%ﬁﬁ N T UL BE LT X e R A e S R AE T R AR . R B
ERREAMAL EIBIIAEIZr (V) BEETI (V) AR —ANE ER 7] B anBuLi
MEA%¢ TERL T H A& IR 2 Ja , A 5% HLa R B i B 1 A0 BEC-M A
Wik eh AN o

Ph Ph
——Ph .
Cp,ZrCly/ 2 BuLi = I, Z
ZriCp; —= ]
=
——Ph N
Ph Ph

B FEARBCESRZe (V) B JEEIZe AD. Mg—25104 8 v LUl T #8 zr (V)
WEHNZe AD, E% Kt FH B 7 1 R P A5 S I BULIFICpZrClo e . 1 4 8 AL
Y5 HCpZrBup 2 JiB it B-A G B TZr (V) &BMA AR, tn] Lk vze A -
THEEY

H g H

H H Et
£ 2Bl o~ CaH Et
CpoZr —= CpyZr Cp>Zr - Cpolir—
P24t @) P2 H () P2 p |
Cl H H H H
H Et H

{a) transmetallation; (b) B-hydride abstraction.

K, LTI BURS t THTHInZ &), AR5 5 — e R Zr V) &8
A PIFE LI HAABIC-Zri thaa th 17 2Zr (V) &R



Ph
H Et

CprZr— ‘ + ‘

Ph Ph

CpoZr CI}/’:.@ CpaZr ‘
/
Ph

{a) association; (b) dissociation; (¢) association; (d) insertion.

B AN Zr 8B TiLA 7> A TR 208 S ABIR BN 5, — JT AR 45 3 (18R 3 0 vT
AR COFRFLAL ZIAH LI XA IR IR o Ji N3 L CO Rl AL JETH BRBEAT . ZETifEBEHIHA
R, e EAERRE 2 AF IR JEH BRI AERITE (LD B AT AHE 53— N R 8 £
W, DAl FHAE AR B TR 12 S B ) AR AR AL 1 Al

Ph———=
E  Cp,TiCly/ 2 BuLi E co E
E = CpoTi
s (E = CO,El) E

Ph

IV E CO Cqul c ]]T'
Cp'!Tl . fﬂ) . t'f’J + Cp2n

(a) coordination, insertion; (b) reductive elimination.

/

FEFTA X L8 S 3 PR AR B I im0 ] DLE R e i 5 sUE . 284017, CpaZrPh,
AR I B-EIF UK A CpoZr (1D [ZRBRE W) XA EWARFE G, ERTEL
Pt EYItinue. ke BEECE RIS 2D Hoc e EA.

A
— PhH Conz Coz ‘ A=B
Cp;Zr\ H (a) P2t pact fb) CPEZr\
Ph A”

(a) B-hydride abstraction; (b) coordination, insertion.

b, — KM EPICPZr(X=Y), GFEHE. PR, FHH. Wik, BRI 2%
B ERIE I B CpazZr(Me) X-Y-HE Y (1) 4 A W i B- S IR 1| L o 3 28 5t ] LUK 3
X=Y FICp.Zr(H)CIHI A AL LA K 2 J5 (I MeLi B i R - X-Y HEICpoZr(Me) L in B K 1

/4

3.



Me3Si Ph SiMes MB3SI\ H

[ / i H 3
S LN N kph N MeC=CMe NP
CpoZi, N —> Cpyzil ——— Cpyzi’
Me (a Cngr\ H (&) Y Ph (c) = e

Me H
(a) transmetallation; (b) B-hydride abstraction; (¢ ) coordination, insertion.

Kulinkovich¥h Bt e B, sl 2 AE AL B RICP  TICL I AFAE T — AN B AT £ 24 51
1% BT SR R — AN PRIIE % — NI SR AR I S ML AR A AA o 4n SR Y 20 2 A s )
UG EA L -

0]

)L 2 BuMgBr HO >q\
Et
cat. Ti(O-i-Pr)y Ph

OEt

Ph

MEACTEIA BT a2 3 P = B A A ulGr I e B TR 125 Hh 0Ue T Bk 5 P AT
1, ZJREATR-AAF ROk AR I fE. BRHIC=Ont il A BIX MEE e 7 A b
A VBRI I (7 D)o —P-BEIHERSS 1 SR E R Ti-CH B R AR I A v 1E) A o
C=Ont# B Ti-CHAUIHALT HH T ANEE, — DECARBUCS NS K T S AR . TR 2%
ARFIRITiZS S 10 S B oA CulR A ER e tAg 2 (1.

Et

O
2 BuMgBr / \ l;
Ti(O-i-Pr)4 £ (i-PrO)-Th Et g.-. (f—PrO)gTiﬂ/ Ph)J\OEt

(a)
BrMgO Et (c) .
Ph B
@ g (i-PrO), Ti’
2 BuMgBr Et 0 OEt

d
( o Ph
(@] (c) . .
p O)aTiJ - (f—PrO)ng\ 0
(-PrO), \ Ph OEt

OEt Ph

(a) ligand substitution; (b) B-hydride abstraction; (c) insertion; (d) B-alkoxide elimination

fe gt ffiKulinkovich¥ P et S A A 1 7 24 S A% GikRl, (B T — &N A & 2
TET, PO IR 1o AR BT AS R AR B AR IR S B R AN T THTAS A
i, (B2 REGRIR XS 2, AUN. 248k 50 B AR 2% . Kulinkovich J bz () —>
AR — MR E, B AT ARy — M-SR . ORI e I A 21 S
REVZHHR, BRI H SN T UL A AN B K m] S ERm A O etk . IXFE,
R B (% 2R T DA R I — s 2 B A e R o A PO A BB o S 2t W BAFE 73
T A HEAT



MgCl [ R
(r'-PrO)gTi<> . _ <]/
(i-PrO); Ti
T .

Ti(O-i-Pr)s — > (i-PrO),Ti . I i
- - R
(-PrO), Ti— (i- PrO)gTi—‘r

Problem 6.12. Write a reasonable mechanism for the following Kulinkovich
cyclopropanation:

NEt,
O

\/\/\)J\ 2 cyclopentylMgCl
~ NEt, cat. Ti(O-i-Pr)4

£

6.2.10 Pauson-Khand & (Co)

Pauson-Khand 5 R — AN, — AT —ANCosh & k4 1 — MR . XA 4
R el B AN G )R- 2R 4% 5 ICo, (CO) 5 (CO) 4Co-Co(CO)4fiifk
[l Coa(CO)sH IIAE—ColE T#A & H I8 T2, FAMERETCo (0) b,

R

R
Co,(CO)s H,C=CH,
R—=— R i \ézo

Pauson-Khand sz . F1 415 4 J& 1348 S5 AR I DL K AR A2 AR R =4, FF BN [ B 1)
RAORE FRMFER: RG-SRk &Y, wAN—NEE, HAN—4CO, LLKIE
JRIERR . BARIELCANY B 2. S— AR NEICo, (CO) g LI, CORMIEIA%E, wh
BET A IS S B, AEHUE-Co, (CO) e E M. XN AW & A A
Co (1) -CH#t, F:HCo-Col#ifiEl FR T . HE-Cor (CO) B RETE T — /Nl
HCOMIARS I, BEKHIER—NCo (0) HFOnE SIS, XAz &0 LS
RERICo (D BRI IEREE M . X ANMERIR T BE I DB R AEBEE 7 — 4 &1
COMIMRB W RA T — A Coh O FE R — D% & . 8 A% AW n] A S BUE 4
RIAF IR X NME-Cop (CO) ZBEWIEHE/N8HETHICo (D Huly,

R o¢ co R co co
0C-Co- GO co C"CO Cco R cl -CO
— ) — 0.
|| T~ ‘ — | ~co —= CcO
R A N
oC- ;Cc\)L CO 0OC-Co—-CO R Co-CO
Y
oCc Co oc co oC €O

PAERXMERIE-Coz (CO) o285 S WFIRELT CH=CH AR S lE R . —TFaR, BN
XAMREE-Cop (CO) oZX B — MAHXEIERII8H T HIZE&H), FTLABCHE A F B A
Ao B O BIEE RN-F R IR-N-EL ) (NMOD BN ScER 23 51— > COMC AR I 25 25k



16T MCoE A . BJG R BICOMMAL KA . Mk FCo-CHEIIIT R K
A, BEERE T COMEMImAN . EJEIHERE H T — 3 IIERI M Co, (CO) 4HIn4E 54,
W e A 8 2 4 R PR BN ) o

cO =

co
d-C0 R C|0,co R Co”
CoO -co CO CHy=CH, | "CO ‘ co
] @ l b { (c) No-co 1@
CO -CO CO CcCO R Fct_co R ¢o-t
oc co oc co oC Co oc Co
Co—CO
s c —Cco — Co—CD
o—CD (@) CO co @ oc co
oc co oc ‘co

(a) dissociation; (b) association; (c) insertion; {d) reductive elimination; (e ) dissociation.

Problem 6.13. NMO oxidizes one CO ligand of the alkyne—Co,(CO)g com-

plex to CO;2 and gives an alkyne—Co2(CO)7 complex. Write a mechanism for
this transformation.

Pauson-Khand < B4 T-73F 4 11, 6-J bR A A 25 HOBUAR[3.3.01 Ml U A . 44
X R (1 o e 3 s e g A PR PR IR 431 PN R SO B A SEARIE R MR B In), AR SRR T
S 1 S5 R A 2 AT I R R

Ph

Ph—== Cox(CO)s: t :
: > NMO 0o
7

O HE 4 B 4 A9 AT LU #EPauson-Khand i 5, f#iMo (CO) ,Fe(CO)s,W(CO)s
FICP,Ti(CO)2o i I fiEAK B (13X £ 4> J I Pauson-Khand ) 5 B FRIAS AR L & 8 1, B
TFHAR I B AL AT = 1 Coz (COD IR FH ol 2 K 7
6.2.11 Dotzjx . (Cr)

—ANIBEAES KBS G — MRS S S T — NIRRT . AL A AT Lo
Feldt, WEEEEE R, R MR AR R AR R R E

OH
OMe

(CO} SC[. Me————Me

OMe

B e E RS, AT LG BICrE A0 e XIEF o N 75 B Tk T =4
JiF, PBEDTRR TN R . BN NCRIAHIERO—E & M —NCORCAAH 13RI/ . it -
C2-C7,C4-C5,C5-C8.hrét: Cr-C2.



BAT 2 EM-CRL S G AT [+ 2P IS L o FEIX A4 28 R R IR (R S B
TR T C2-CTREL A T — DB T M. XA RS, [2+20 81 B i A
AR, 18H T IR IR G h KL COUL LRI i BE A SE LA o

OMe OMe —
(CO)sCr (a) (CO)4Cr (b) Cr——0OMe

(a)dissociation; (b) coordination, [2 + 2] cycloaddition

XF T COREARIIA LU RN 1y AN C-CHEIIE T A =Rl etk 2840015, X4
SR Tzt G I I IAMETT AR R OR G @t Dbz 5. CO
AN, I JEH R UL R R A gs B ER B K740

Me Me

~N—

(CO(%: —1—OMe (@) (COLCS OMe (b) (CO)Cr OMe  (c)
O

(CONKCr~

0 J—0oMe () (e) HO

(a) electrocyclic ring opening; (b) electrocyclic ring closing; (c¢) insertion;
(d) reductive elimination; (e) tautomerization (two steps).

FIER), COZERIRICH-C (sp®) SAERHALH T DEJEAIGE, 2210 I
BrRes i — DTGB . JBUP IR HIAMEITIN, 3, s .



Me P Me Me

Cr——0OMe b OMe
(CO)4 ﬂ* (C0)4Cr Q—- 0 ﬁr

= =
0 OMe

i i—OMe {dj jg— Me {,g) HO%—

(a) insertion; (b) reductive elimination; (¢) electrocyclic ring opening;
(d) electrocychc ring closing; (e) tautomerization (two steps).

e, IR T I AT G B AR 58 R LA COJE AT X T Cr=Crit
RN (Cr-C B IRFFAZ) R H — MR X TiX Aﬂﬁ”%TUqu—/\XXJ%
JBi-Cr (CO) sHIRIEF. Cr (CO) k&, HIMMERIA, ML HIXA W

Me Me Me

(CO)xCr (CO)gCr\\
(CO)4Cr OMe (a)_ OMe OMe  (be)
(a) insertion
Me {d} HO (b) electrocyclic ring closing
(c) dissociation of Cr(CO)3
(d) tautomerization (two steps)

When the Dotz reaction is executed in EtOH, products derived from addition of EtOH to
a dienylketene are obtained, suggesting that either of the latter two mechanisms is correct.

£ CritiDotz e B [ HL sz JF Sk 5 2 MCr (CO) sifE#5 1. Cr (CO) 6 HICEE itk
1, fEEMEE RGPS R E . — AL EERAXCr (CO)
BN MLE 7 — MRS, WhO-H AL GEH 1 FIMeerweinit7f] (MesO*BFs)) K4

KELZEY.
\ O- o OMe
(—\L—R Me —OM
(COpCr—C0 : (CO)gCr:< \ Me 2 (CO)5Cr:<

R R

HEidCr (CO) ¢fMeLifl| & KK EY) (CO) sCrC (CHz) OMetl ] LAt F T %
CrEER &Y. ZELEC FTLANCORMEC=Cnlt FEES] TR T1EH, J5E ¥



Criktb. FsL b, Cr (CO) s H TR /1R 7 35 LA T CHa & [ AR5 A1 — AN B L1 (1) /%
PE—FED — AR LewisBR I INEL S HE T FRmESs & I b, [RIEA T — NAHURT I Crf 52 4%
a0,

OM OM OM
¢ _ /"¢ PhCHO ‘
(CO)sCr - - (C0)5Cr—< (CO)sCr
CH, cH, BFs —
Ph

Problem 6.14. Draw a mechanism for the BF;-promoted aldol reaction of
(CO)sCr=C(CH3)OMe and PhCHO.

BREZSYHAIER R, XML T MDotz /e ML H 2 28 Wi
BB ([2+2380N)8%, BB AR .

Problem 6.15. Draw a mechanism for the following reaction:

()]
Me Me
[ I g\ C (CO); ~ =Pr ‘ Q "
N oM N OMe
Me ¢ Me

6.2.12 &BEARIFMEAFA=E (Co, Ni, Rh)

S (0 S 4 2 A B BB AL [+ 2] [A+A] R[5+ 2L RS (B 1 B 22411
B, K f S A O E R IR B 281, Ni (0D HEAL A P9 [4+A1FR N AR
¥ o

i

SNV AT REEIENI (0D ket fzgs i —Ni (0) -XURHKCEPITIR. ZABCEY
WA IR — NI AD AR T . —AC=Crii3 AZINIi-CH, Ni-CHERIM A 2L
H, SRR T HEA LIRS NIFIRN A 1[4+ 2050 RS R 7] PSS H 2R ABL
S B



(a) coordination

(b) insertion

(c) allylic isomerization
(d) reductive elimination

Problem 6.16. Draw a reasonable mechanism for the following Ni-catalyzed
[4 + 2] cycloaddition:

OA OA
\ € 10 mol% Ni(COD), ¢

Me — == 30 mol% P(OAr);
Me

RhEAL I [5+2] R Bt — N LM LR R BRI — MR (B a2l 2 E) 4 H
—ANIRBE 0

MeO,C
OTBS  MeO,C—=COMe 2 :@
[2%;___ - OTBS
L cat. [Rh(CO),Cl], MeO,C
—NXA A ATREIANLEE PARN (D) MR IIBCALZS H—NRh (LD BRI #
Fah . LHEIEINTN e RN IR s i il R AR B2 — NEEARIA G, (H 2 XML&t —

AR B S, RIRTTIRAE TN ARFE R E R A S E . I BRI RREE S 45 H A
P& i o




Rh'™ \VSZ
E—=— E A ﬁﬁ(\\“' OTBS
b)

Rhl[[

|
oTBs Rh \ OTBS

A . E
d
/—u E / y (a) coordination;

(b) insertion;
= (c) homoallylic rearrangement;
E E OTBS (d) reductive elimination.

Problem 6.17. An alternative mechanism for the [5 + 2] cycloaddition be-
gins with coordination of the Rh(I) to the vinyl group and puts the ho-
moallylic rearrangement before coupling to the alkyne. Draw this mecha-
nism.

RNEAL IR [S+2) I [4+ 23R Il s o2 i) AGERE 5 31— MBS I RE . —MES RN TR
Horp DR T ORI G JER .

Problem 6.18. Draw a reasonable mechanism for the following reaction:

0O Me Q
oo —/:M N _ O H
. -f; 2 mol% [Rh(CQO),Cl],: NH
- o
0 N 0 H30+ 0
___ Me

AFFINIRICoZ% &1 ] ML AR (1 = SR SR 45 H 07 AL 5. IR b2k
f[2+2+2] s 8. FAEFCpCo (COD 21F M fiAl 7l ¥IPhC=PhC ] = 5& R NAE Rl ¥

Ph Ph
cat. CpCo(CO)»

Ph Ph

18H T A A HICpCo (CO)D HTEREMS LA FIPhC=PhCIX AN HL T4k b 2 R b2 22 /0
RKeF—ACOMAM. X FIXALEEY) AT LLE AR, A —Fo&—A a3
Wifi. 5 -ACOMKE (FEPhC---PhCIUBLAL 2 BTERE 2 J5) LLI 5 — 4 & PhC=PhCf]
e A7 A4 B R BSR4 T EARIR IR . B — M EAIPhC=PhCHIBCAL i N 25 H—
AR =0, IR EERRS T PRI AR A ICpCo (1), J&# FIPhC=PhCE it
AT E I N ALIE IR



Ph Ph

I I
0 @ b) Cp—Co—H - Cp—CoZ |
CcoO
ﬁy/ Ph Ph
Ph T
Ph C6Ph6

PhC=CPh

m | " o Ph PhC=CPh Ph PhC=CPh
CpCo (c) (b) = (c) m
- ‘f CpCo = (Cp—Co |
== Ph = - (b)
Ph PhC=CPh
Ph Ph Ph

(a) dissociation; (b) coordination; (c) insertion; (d) reductive elimination.

EACIERR 1) B J5 v IS A —FE o BARER IR IR0 25 5 1 o5 — M 2 I Ph=PhC 1T
Diels-Alder 5 .o —N[4+1138 7] 30 5B 5 25 7= I CePhe LA S EEHT A2 AL FICpCo (D

m

Ph CpCo | Ph
m /= - Ph Ph I
CpCo Phe=CPh / “\4/ —= CgPhg + CpCo
‘—__""
Ph Ph” py Ph
Ph

=R 2 A S AR LA & W (=R RE e R ) gk
(MesSiC=CSiMes) HITAfHREFIFARE BB KAE=RKM, (HEERMLERRE=
%K. 1£MesSiC=CSiMesH'[AICpCo (CO) FEEMBHIMAIN LIRILIRLG H T — N =HH =2
(I 4 FR eh  EEE GAE H FRI I S 07 B PR A T 0 (0 B B B 1 rpa A
AR

Me;Si SiMes

slow addition to
Me;Si———SiMe;

cat. CpCo(CO),

Me;Si SiMe;,
6.3 B M
6.3.1 & (Pd)

Pd/CAEAL ISR S S )72 1) F Rk 2K H if ArCH5-OR ¥ 4 IR ArCHS FIROH 5 I3l
TR RIS . (A IE IR 5 1 BRI T REPE /2 HMIBN-OREIPd (0) HIAMIN LS H— A
Pd (IV) 25464, 2 FRMIBn-HATH-ORFIIE S5 bR B 2L Pd (0). XA ML
FARATTATHEI AP (IV) AL SRR FIRE .



Bn—OR

0 1l Bn
Pd N Pd_

(a) “~OR
H—OR =« H—H (a) oxidative addition;
(b) fa) (b) reductive elimination.
n _H (b) H_wv _Bn
Pd__ - Pd_
OR e H~ “OR
Bn—H

F e — NAMI AR ESE — . Pd (0) FIBn-OREE 440Nk 7] LLZ H:Bn-Pd
(1D -OR. #EFHEATLURAHIT R EBn-H (T4 FH-Pd-OR, JE&H&EILRHERE
Kk HIROH AN #3777 A2 Pd(0)

I _Bn

Bn—DR\_I‘/‘U/' Pd_ H—H
OR \&

[ (a) oxidative addition;

' (b) (b) o-bond metathesis:
| (c) reductive elimination.

Pd
H—OR A\ n_H /(
(c Pd Bn—H
) Sor

0

W n] DLE H R A AL EIR . ZE— PRI LLRT—FEZPd (0D FIBn-ORMIEAMMARL . X
Bn-Pd (I -ORZEWI A REHL T ARMHIZ L — M0 &Y, H-HOMAEIX B2 M i 125
o IS ECAIH R AR SE . 2> T N IIE R -ORM 25 i 4L 45 HEROHFIBN-Pd (1) -H,
J& B G I I JEH R K T8 A LB A

i _OR H,
Bn—OR - Pd\B ""&.
%J n (b)¥ H—H (a) oxidative addition;
" pl Il (b) coordination;
Pd 1 Pld_OR (c) deprotonation;
\ﬁj I H (c) Bn (d) reductive elimination.
' PAT
Bo—H ¥ ™ By " L{H-OR

H=RATBELLHLEIPD (0) HIUBNRSS I H-PA-HE ST IR . £ FALL H— AN fE
[J[Pd(0)-H]-%5 &4y . il i [Pd(0)-H]-Z5 A K A IIFEBNO (H) R_E[ROH¥ISN2HUARAF 2
Bn-Pd (1) -HFIROH. #&J& T Ktk iy bR BT A piPd (0D HLOA T T SR B I ik (1) & g A
— AN E T A I A G, AR SEA T AR SN2 BRI AN R PA R fF B R UL s, i
X0 R T BE R I Y

I /H

Pd - H+
H—H ~
| H
7 (a) | {?)T‘! (a) oxidative addition;
0 0 —ﬂ (b) deprotonation;
Pd Pd , H R {c) reductive elimination.
+
/ Bn—0O

(c)
H
r&\_ Tpa7 / U

H—Bn “Bn



I3 A LA H — AR AT IE . HoBIPA AL 4h H—AMH-Pd (D) -HEBA
Vi, ZKHE B ARIPD QD -HEER A AN O EE-Pd AD -HEED. 5
WP EIARNINC I, 2 JGE —AB-EEEh W BRgh 5 H R FIH-Pd (1D -OR, &4
R B 25 HROHFH B8 ™ A A0 R . 3 B ORAE S B 2 A R e O IR, AR 2 il it Pd
(0) AL N I3 ARIB-ZE BRI TG . WX A S S HLER 2 BRI, R4 ] LUHARS I 21
IR AT FPA & IE R T &I, FL FHFA RN SR, XA B
T RYN [ d 0

1 _H (a) H ) Q_\
pac e \\(\ .
H H

(a) oxidative addition; (jp) insertion; (c) B-alkoxy elimination;
{(d) B-hydride elimination; (e} reductive elimination.

6.3.2 keEpEREREEN (Pd, Rh)

—APd (0 HEALFIELG (PhsP) sPATECOSR FERREMeOH F L —ANE HL itk )
(RX) F|—AMls (RCOMe) Mkt BRI . Al U AR ) AEARAAT 1 i i U 4 ) A
T IC- I B AR L 8 — 20 LT S BB R A . R-XZIPd (0 (A4 HiR-
Pd(I1)-X, CORIECAIAIHE AL ERCO-PA(I1)-X o X MEEIEAE LK AW a] LLE BUE — N HE 4
FImE I 4. Pd-CH AT LAE I I as- V8 B S RE g —~MeO-CHUK . MPd (0) £&&4)
PR FX-ET A AR TR AR SR O ELNPd,  FOAAR W] REAE RS [ R R
R G A BT . TSR TR R (PhsP) oPd, 3@3L(PhaP)sPd 2k 254 PhsP
A4, EATRER (PhsP) sPd.

R—X cO (
0 1 _R CcO e
Lpd —> LpPdl —> un|_R —= “OMe
(a) X (b)) LyPdl (c) LnPd R
X X
X @ . -0 OMe
L Pd— - -
" )J\ L Pd 15 R

{a) oxidative addition; (b) coordination; (¢) insertion; (d) d]SSOClaIIOH.

Other Pd ligands besides Ph3P, usually di- or triary s like PhoPCH,CH,PPh»
(diphos or dppe), 1,1'-bis(diphenylphosphino)ferrocene (dppf), (o-tolyl)sP, tri-
furylphosphine, and the like, are also used. Ph3As is sometimes used, too. The ligands
serve largely to keep the Pd(0) in solution. Experimentation is required to determine
which ligands are best for any particular transformation.

FIHE—APd (D LAY (PhaP) oPACLELFEPA (OAC) 223 il Ak in 2]
NG Pd AD PIFHEREACTEA RE TR Z BT L AHEL A 2P (0). EtsNH]
PMENIE IR, P (D BECAZAB-S0H Brea t—APd (1D S0, 2 )5 2
TAHLHP (00, =5 EBB AT LB 7 HA2RPd (1D &P (0).




g\ [MeCH=NEL* CIr
CH; P
PhsP. 1_Cl EGN  PhiP_ g jN—/ PhsPi¥LH +NEG  ppp o
Ll (a) PA N—CH; (b) Pd_ (c) -
PhsP”  Cl PhsP”  Cl PhiP” —>Cl Ph;P

(a) ligand substitution; (b) S-hydride elimination; (c) deprotonation, dissociation.

PAfEAL IR eI b A B B A S N — AR B RSO o S AN AR IR < S 1)
TTFAERERXEAL R AT, IMACO., RIGHRALRIL . 152 B REHI A RE 2 324% kA
SRIE AR 26 PAEAL I SONAE I T BB R e T R A 261 TR AT, JFHA®RE
TR TEGNI SR SRS T X=180E Brif i§ oL AT il o SeNxS T R thR &
GyitAT s X=OTHX % 2 WA RL I B s i e ) 2 A o 280, S BEA)— AN B KPR i 2
RILAUSSEC (sp?)e ATLAEATIRANRMIIC (sp®) R BERIFLBAB-EAM i), tent
B, REE, AUHUREE Y] (MesCCHXD o & B-Z 1 )AL IE SIS E BR 2 Ja & R A
B-H R, g HHBRHXZ A 74 o

Problem 6.19. Draw a reasonable mechanism for the following alkoxycar-
bonylation reaction.

I cat. (PhyP),PdCl, o
EN
OH

Monsantoid 72, & Zh it TAV M IE M fE 2 —, ffH—PRhESS VAL R
HIZR ¥ MeOHFkEE L IMeCOH. —AMRhFEF] (JL-FHra HRhZSSWIETATLL) £E W
A N EANIEEEALTIRN (COD ol XA RN IINEEE =/ MBI, fEHE—BH,
MeOHFIHE L —A4NSn2 s M AL #AF AMel FTH.0. 7E55 25, MelfICOTERhEAL 4%
1 AMeCOl. =2, HO0 (NHE—Hrh 4D KEMeCOIKR ™ MeCO2H LA K =
A2 BRHI

MeOH + HI —= Mel + H,O

cat. Rh

Mel + CO MeCOI

MeCOI + H,0 —= MeCO,H + HI

B DR E I Mel ZIRh (D) AL INRZS H—MeRh (1ID 2545%1, CO
KA H (MeCO) Rh (1D 254, ¥ Z2CORCAL, MeCOIRTIE 5 yH Bk H 4= sRh
(D LE5Y,



. Me—T1 e
- _CO Ll _co
_~Rh__

o ! co (a) - | TSCO (a) oxidative addition:
— d I (b) insertion;
)J\ \Tr ) rb)l (c) coordination;
Me I 8] O (d) reductive elimination.
m CO 1 )L
ISRp” Me (@ IpmMe
- | ~co N | ~co
I co I

6.3.3 Heck B (Pd)

FEHeck S Rirt, —AJ5IEELH 2053 5 (AI(R-X)Fl— /M (H,.C=CHR®) 7EPAfiEfL
FUEAL T W — AN B 2 BRI (R-CH=CHR®). B SR AR 4 (HX).
Heck ™l LLTEZ T W BEE 20 TR . 705 TR BT, Y s v S S AT (BT
FE4r TR BT, T U 3 2 BUR R

2 -COEL
Z ot
cat. Pd(PPh;),, base

C-IEMWT R, —HIC-CRAE. 525, BBIER —FH2Pd (00 BIC-IH AL
KA —APd AD PhEEEY. IEEEIPD (D -PhEEMHEANRBILA, 45 HHTC-Cht.
—AB-EIE R P YIAH-PA-1, 5 E R 5 AL EET AR P (0);

I

Ph—I1 B0 —H
0 I _Ph EtO,C..., .« H
LaPd L L”Pd:‘: b \ H 1 | PhF
salt DT (f) (a I (b) andi
base I
n _H (c)
L,Pd
"~ <9 BoOc, < H Et0,C, H
1' H - —= Ph - g) H = e H
EtO,C..., __..H e ‘ (d) ./ \
H™ “~Ph L,pd-1 H L,Pd-1 Ph

(a) oxidative addition; {b) coordination; (c) insertion; (d) rotation;
(e) 3-hydride elimination; (f) deprotonation, dissociation.

Heck [ AP AL B BB AL S R 25 [FIFE 0 1&E VS AR BRYE. Pd (D S &4
BN 2 R AP I HAE SR A S . 32 B B2 0 U I8 2 TR 7E - T R B 1)
e AR A G LR . AR B-EIHBR I AER IC-Co R A, RGN N S s—
ASF TG SRR R B TN, A4 SN AT LUOd it P B A A B 4
BINAP (2,2 - W (RIEEREIL) -1,1- BEZE) RABRASTFRI o



Problem 6.20. Draw a reasonable mechanism for the following Heck reaction.

i (J
0
@i Pd(OAc),, Ph;P ‘
N (0]
Et;N
Me N

Me

6.3.4 FEFEZREFIFC(sp?)-XZ HEMBEBER BZ: Kumada, Stille, Suzuki, Negishi,
Buchwald-Hartwig, SonogashirafUllmann &% (Ni,Pd,Cu)

J3 FERN a2 A ] LU — T =AML HR I — N REEAZR R R AE B R B
FR-TEBR, SrN1EFE ETHBR-IL . IRV BRALEE SRR R, 7805 2 <Ak Y 1) Vs 1S
NERAG BENOZ K5I BT IE B IR B SrnINLFRESR GO, oiEH —NrlbiiaE E
AR SEAZARTT, RIS B LR Bl 0By, 1505 255 B VR . T - B SR s i M 2%
o V522 95 55 s A -2R A2 R0 AN B 58 A3 /R IR BL 25 AR PR — AN, BRI IR P AR 7
AR B[] A 08 e M 58 B ) — b o

TE1970sH 1, A N AR IINIZE AP0 mT DAFE 30 T A& 2Caal 7 A 55 28 s b W i A
Mo N FEZZNICLIBEIC &Y (25, (PhsP) oNiCly), HEAH BB EY)
A SE MBS R. Gk (1S 29H39, J7 a1 3% LR R T L& A .

BuMgBr
Cll - Bu
cat. (Ph3P);NiCl;

Kumadaffi ik 1) S SEALE S A B A A2 ) 1 B B ISR T 1. & HIING (D 2%
G EE TS W XA BUMOBI U 4 B A0 R REE HH LaNiBUR. 38 J5TH B (B RB-EHFR LA R 2
Ja PR JEHERR) A — NI (0) &%), W EiE ey, EAEREFEAr-ClA
Ni (0) FIEMMES HENI QD 269, BELEAS HBAND (D -Bu, LUEIEJEHERR
25 HAr-BuRE B ZE NI (0) 44540

Ar—Cl Ph;P. 11 _ Ar
NG NI
A' PhiP”  TCl
PhsP, 1__Cl BuMgBr PhsP. 1 _Bu (b) PhsP_ 0 Bu—MgBr
NiT D e TG L TG (a) ¢
Ph;P Cl (a) Ph;P Bu Phs;P CIMgBr
l
O php. JLAr
(a) transmetallation; (b) reductive _ AN
elimination; {¢) oxidative addition. Ar—Bu Ph3P Bu

XA ML R P EARR e 58, (ERSCUR IR R PR I AT 12 55— R A R AL
Blo NSO EH HEMI AR BUR, I HA — AR, REERRIAE 4
P TRYMZ S TR, I HRMFESE BTN (D /N (D X, A& IT
SRFEHIING (OO /Ni(I)XF o S PERING (1) AR AT DL 46 SR LaNTC L A% 20t i
L HE A 2.

PhsP 1 __Cl  electron transfer

PhsP, l\;_/CI
1 1
Ph;P° Cl (from Bu-MgBr)

PhsP”  TCl

 dissociation  PhsP, 1
_— Ni—Cl — efc.

PhsP’




fEKumadas BRI 5, NTATH TAR 285 71k SRS 1006 1 & JE AR AL ) [ B . £t
K NATTRIN T & 75 R o) iz I — 2 ) 3, A dEStille: GEEAE<still-ie™)
AL, SuzukifiEk, Negishiffilk, DAKAHKMI SN . (EIXEL/ i, —ANJ5REl# 0 dk
) A el fe 25 kAL A EL BNR-SnR s (StillefiB%), R-B(OH), (Suzukifii%) R-ZnCl
(Negishif 556 Z I BZI i B & B AL S YTEPAfEIL T R AEBUR R . LAStillefl 6%
N, IR ELEE T X A-XI AN, &R, DLAORFETEER . AT
Suzuki, Negishi, LR & Kkt & 8 (I s B2 —FE 1

Ar—I Il

-
\_,.J L,Pd ~
0 - (a) _ ' {a) oxidative addition;
L,Pd (b) C R Sang {b) transmetallation;
[—SnR'; {c) reductive elimination.

»/—‘_\il{) "/Ar
Ar—R LoPd o

InE0 SRR S AR AT L2 —M& (PhsP) 4PdE# Pd2(dba)s(dba=
dibenzylideneacetone) . ZE[¥Pd (0) #FPE#E Z1% (PhsP) 4PACLEPd (OAC) 2/2AsPhsZ.
FEMIPd D WoFh. B N AP (D B, B AEEALIERR T 4E 2 BT HGE IR 9Pd
(0D 385 A] RE I PR IR AZ AT (1 3 U 45 AU — O S V8 B T 1T

Problem 6.21. Draw a mechanism for the following Stille coupling.

papuamine

/(—Tf
N

SnBuy 1

cat. (Ph;P),Pd

XL AR VZ IR o H 200 1) 5 B AR S i1k, BESE ikt mT UAE
StillefBIELI R SR, K2 E b5 )b AN BERE FHE I N R . SR PAEALIT) BRI
I N IREE, [N X=10F AT B, X =CIN AT AR 2418,  BLARMEt-BusP 2 ZRA7 A
K BB ECAR Fo v 05 B S TE =R N IATRE RS . IR, SR P REEREE, U2
25 5 TR H1) 2% P 0 ik — R R R R A IR T2 o SRR T LLZEC (sp), C(sp?),
C(sp®). fEBuchwald-Hartwigzd &4 s N B E 2 Bafb s B, & 2L G e d b &4
AT DAZEPAfEAL T BB S35 B R FIC(sp?)-X o FEPAfHE AL AR Hhfa Fi e w2 1 7 o2 SR AL Al
SRR LT 5 W SEA, (E s I Buchwald-Hartwig [ 5 &K BLEIMG R 2 . B3 SK
B t-BusPARFEA FHAR R B RCAA . X SEPe A4 bl DA R R A% I PAE AL 1) A — AN B A7
B, A IE — AN ISR FAEA R . SR AT R E, Buchwald-HartwigZ 3546 5 BV 1
HLEEFIStille sl # SuzukifRIK LI 2 —FER: A, SR, IEEHER.



Problem 6.22. Draw a mechanism for the following Buchwald-Hartwig ami-
nation.

“l (ME?,SI)ENL] N (SlMﬁ_})z
5% Pd(dba),, 5% P(z-Bu)y
MeO MeO

UL EH&FE-2 BB E ] kT Stille” A1“Suzuki”fH Bt . T 1XFh I N2 AN
A 4 RS /S L0 (MesSn-SnMes)  FIATIMIREE XUH K¢ [(pin)B-B(pin), pin=1,1,2,2 -
PUH3E-1,2 - 5], ek, EER (pin) BHA G/EH AR FHXE DL R st A 5
B XA S FEN R #h . AEIXFMESL T, B-HEE AL B-Pdi 1 R 2 A SO .

(:\[/];j/ cat. (dppf)PdCl,, KOAC G\/j/

StilleRALIEPE B —MEE A RN . MAr-XFIR-SnR 31 StillefEBAECOS 5 it
ITHS, P28 (ArCOR). 1 AN AANIE i v Bk 2 (A1 in L T COfIAdE N

0 Ar—l I _Ar ¢ Ar

LPd  —~—= LPdl = LA

O (a) 1 (b) 1
)“\ *\T (e) (a) oxidative addition;
R Ar 0 0 (c) (b) coordination;

u)—k (d) ll)L (c) insertion;

L,Pd_ Ar L,Pd ~ Ar (d) transmetallation;

R ; ‘1 | (e) reductive elimination.
I—SnR' R—SnR';

Problem 6.23. Draw a mechanism for the following carbonylative Stille cou-
pling.

./\\\/SHBU.}
OTf Me;Si .
cat. (Ph;P),Pd |
LiCl, THF, 65 °C
1.1 atm CO SiMes

Ui B M LE B AT subcatalytic & A CulfA7E N tH BRI = s AL IR XOR A2 PA AL I
Sonogashirafii i s w25 ik (RC=CR’) (F&iE: HALATREAEE! )

— SizMBﬁ
NC B -~ NC —  Si,M
' cat. (PhsP),PdCl,, Cul 12Ves

Et;N, R.T.




R e LB 7S 3 Sonogashiraff e L —Fh A1 Stille B B+ 0 AR AL AL IR HE4T . StillefH Ik
U G R AD R — N AR R R BT AR, FEIX B 255 (PR AP (1) 28 & 4 ok X -
BARH R . T BE R A AE T SR A0 I EN 2 5 1L I

Ar—I m_Ar
\__ L,Pd
e I EGNIY A
0 (a) —=—— R = H—R
L.Pd (b) -
_‘w
/ L Pclll/ Ar (a) oxidative addition;
Ar—=—- | n T (b) ligand substitution;
= {c) reductive elimination.

R

FEIXAN 55 v 1) 1] BRI L 4 K 2 B R BRI 5. (pKe=25), (R BT
HIEBIREB WL (pKe=10) B TALIGFERE . il 118 R AE S R AL SR Cul 3R %)
T . Cul¥tSonogashiraff B¢ 5z B i M >100 TR E] 7 5. Culm] fEkHE (RC=CH)
AR T —ACu (D 284, XM LFIRPd (D KAESESBURPL. MR T,
PUAE () 10) Bk, RC=CH A& WA #545 WRC=CCulf W ? &l BERICUIE K T — k&
Y, XA RER I TE (BE2H R A HCul by, XA a] AFIPd & 2E
S BB T .

SisMes
I Si,Mes 11 v(\ I
L,Cu L.Cu || %) ——>  L,Cu—=—=—"Si;Mes
H ‘)r_ :NEH

Cu (1) L WCUCNFIROCUAIZ Z) Al & 1) 75 A iAW) ke A 05 B BRI S o S BEATL
P AR B R RSOk . — AN ATRERINLEE &Skl 5 — N RTRERIALERYS 2 T Ar-Xt
N=C-Cu (D BN H—Cu (D &5, bEJEiEEEBEA-CNZ HiCuX.

Br CN
/O/ ﬂ + CuBr
MeO MeO
A Ar—CN

r—Br f?.l' —
NC—Cu' \ NC—Cu™ / » Br—Cu'
oxidative addition | reductive elimination
Br

XANEA -8 JEE BR A LB A M — R R Cu (D & — AN m R s A . s
CufECu (0) MiCu (D Z[EMARLECU (1D FCu (D) ZIAEHR, HUEESE A E
B W —FF iR R AE T CUCN EICUCN IR HL 56 R it il LB X FE UL . Ar-Brtt
Cu (0) -FIEMIMERAIA-CNCU (D -FIE R BRS HA L= [Br-Cu(0)] - ),
F—HERN=C-Cu (1) PR #5842 B 7 [N=C-Cu(0)]



electron transfer

NC—Cu! + NC—cCu! [Ne—cu®]” + [Ne—cu!']

[Ne—cu® |7 \ - | / ~ [Br—cu’]”

II
. . .= N C - Cu . - . -
oxidative addition reductive elimination ‘

Br

HE A 2518575 B AiR,CuLiFIR,Cu(CN) Lot B [ 5% F Al 3 i AL HEAT B S
SLIF] T X T AT AR B o 6 TIXeCu (1D SEARZ IR SURE LB AT b T J o i T
CuCNAIArBrif s SALEE R AH AL

fEUllmann BiH, CussJ@ it 7 Ar-MBELSCNAr-Are BB L8 6 E T Cu
(0 XFFAr-IFE RS HA-Cu (D, 255 —4EKCu (0) KL JFEFIAr-Cu
(Do Bl J5IXAMRT DLZ IR O 5 W AL e EE — FE IO P LERFI AT SN .
6.3.5 HNZERAR (Pd)

% (EtO2C) 2C-MeiX B AR AT LAFI— /N A 32 o A4y 3k SN2 W LB E AT U S
I s TR TR IR e PR 2 T 8 088 O AN AT 1 28 J B R RO C O FTACO AN 2 2 B8 1)
B A, SR, CEPAMEALAVMIAELE T, I T AR 2k AN P S 1R 8 vl DU A AR R B
IR 2 NBEH R, PAEAHIXAS SRR E B LR B, T AN A 7E Sn2 S S A 8¢
FISLARA 22 1 J B

Ar—Br { Ar ]— Ar—CN

ligand substitution of Br— by CN- from another equivalent of CuCN

B COEt

HO OAc Ei0,C~ “COEt  HO
- CO,Et
cat. (Ph;P),Pd

ARATIS AR E BISLARACZ R B, ERROZ AR B PRI, S bR SO v if S
KA T PRE . Pd (0D S8 T M PR IR £h BUH B IR Eh GO A%l —#F, A
Ja i BIHUAAMeOCO, B H AcO 4 H — M AL (1D 2851 Bl Ja SR AR BUX A )i
PR D 59, W JEBURPAZS H ™ LK EOg A AL . S ML ST AR5 (Sn2
BESN2") BT R 454 o

EtO,C COth
Z CO;Et

A co EtO,C Xj
11 ,‘

0
L,Pd: g L,Pd*- and

AR A] LU AR —Fh 2 A IPd (0) BiEPd (D #Ff, Luhn (PhsP) 4PdER
# (PhsP) PdClp. i A3 T+ L BT A A PAZE 540 T LA B IR A AL o X 0 P 24
AN ST KRR N o



Problem 6.24. Draw a mechanism for the following Pd-catalyzed allylic sub-
stitution reaction.

) ™™
o) cat. (PhP),Pd

6.3.6 SRR KRR HISRBBANR L Wacker &4k

PA(11) £ BEWS AL R BRI X FE R SRAZ AR SN, 25 tH SE s AR ke . 2R AR
FAEAL B (P 7 AL 4T MR OKIR, CuClEiE 0, CHBE WA AL EICUE) 221
fEAL T o

Ts
NHTs CHs N
) 5% Pd(OAC), /
0O

TX G 7 7 (R B ER R HQ (i A4 B0 T M 2 R S AZ I R ARV RE (4 07 O 4 e B4 e A 2
Pd (D FIEE— ARG . SR AE a5 CIE T —A, BEJEC=Cnfi
R ERIERPD (D F1 55— NCIETER—AN6BE M4 H— AN e (D 5.
EAGEEAE (D -G0G4 B-E0H Fr g S B = Al —APd (D S 4. MPd
AD S EREHEHPD (00, BEJE #2482 NI RIPD (D, Pd (D -H
A ik e S L — R A A AN -0 B I S A B 1 RS B

— H*

Ts
T I N / B-hydride elimination
PA =— Pd—H +

SEAZRANBE R RB @ Hg (D (S0 JF Bgd@idPd (D Eh .
TR BN [ SR 4 DX AE TSR AR I Bn 2% &) B2 R B 508 (1D Al fA g
&, Kok (D FPREMGRRGEN, AT B, Mk (D siafRar Dok AR
T B-ZTH BR S o

SRAZARA B RN B Hg (D P D JLREIMEAGE . hiEAEEESE (D 4%
EXTR-EH R R R E, (HRAC-E R n] LUEE — ST Ae-RE A AL RO H L g — > C-Hi
AR

Wacker (A # & “vocker™) S8t [ MO H i AE Tl b HIRKG Z RS U N 218
Wacker AL PACILANCUCLITiELL, I H G ZOKIE A P MO 7R EK, A%
02,

cat. PdCl,, CuCl,
H,C=CH,; + 1/20, 00 = CH;CHO




Wacker & ik S8 AL RIS 2 75— AN H01E A s i R 5 PO £ 475 028 Fr S A% B
fRo H0MNE|—4Pd (D WM IRECEY b, B RAB-ZTH BRes H— AN EE A B T X
HEW. 1EPd (D -ERMGHEIEH G, MEEFEAZIPD (D -HEELS H—AFiPd
AD =%t EMEEWH—IRETB-EAIHFRES H /AP (D -H. Pd (1D &40 %5
T ILEA NP (0), @I ESHEPd (0 FKEAZREPD (D,

H,C=CH, H,C—OH H OH

m A i CH;"J\\ OH; 1 7| H "\e”
Pd (a) PELTH T Pd—CH, (—f?jh Pd—[
A 3 CH, —-H n CH,
(ﬂ o —H* I b p (c)

Pd° —— Pd—H <P 1 cH; 4 o
(e) 0 — Pd._| () o2
& H’C\o’ /N

H:C” "H H OH

{a) coordination; (b) B-hydride elimination; (c) rotation;
(d) insertion; (e¢) deprotonation; (f) oxidation.

After the first B-hydride elimination, it is reasonable simply to allow the enol to dis-
sociate from Pd and then undergo acid-catalyzed tautomerization.

T AEXA S PR EL R, Pd (0) Wi EFHE A APD (D). P4 EKCuCl,
FPd (0) B4 AP (D P24 4 ECuCl, Cu () S EHEANCU AD,

H,O
U Y
CH;CHO + 2H* ‘/\ Pd(II) ‘/\ 2 Cu(Il) /\ 1/20,+ 2 H*

Xt d bR Wacker S8 AL FIFEA 20 P9 e SR T AN 2 1%, X AIHLOTEPd-Jfi fEnés
A4 _E ity MarkovnikoviE 21 n a2 — 801 .

H,C=CH, + H;O Pd(0) 2 Cu(I)

Problem 6.25. Draw mechanisms for the following Pd-catalyzed nucleophilic

substitutions.
OH o
cat. Pd(OAc);
(a) - / C‘H_}|
A cat. Cu(OAc),, Oz
O
o) Me Me cat. CuCl,, cat. PdCl, Me
7 CHO H,0, DMF, O, Me CHO

6.3.7 Tebbe KB (Ti)

Tebbe [ I & — A I V¥ 4@ ki R Wittig e 3 o 38 {5 Tebbeisl 71, & Cp2Ti=CH>
FIMeAICIIZE A, — MIRIE S VI R AL &9 . Tebbeis 7] & il i Ky
Cp2Ti=CH M 24 & [ MesAlZE AL R R . PRI TE &R b 4h HiCp.TiMe,, Ff)F4ida-
A HCp2Ti=CHa. AL FICIAIMe; |45 Hi Tebbeir 7l »



H,
C

Cl 2 AIMe CH: _cH

4 - 3 e 4 ~Ti— a . ’
CpaTil > CpTi,  — Cp;Ti=CH, 0 Cp3T1< “AlMe,

Cl CH; Cl—AIMe; Cl

(a) transmetallation; {b) a-hydride abstraction; (c) coordination.

HEN ) Tebbe b FHAEHLEL AT M AR H T . EMeAICIHIR S 2 J5,  Cp2Ti=CHAT
RoC=OM[2+ 2] e LA S4B R [2+ 2008 [l I et 17740 MBI & B Wittig il 71,
Tebbeis{ 71 AN 5 S M AR 4T

H, -

c o—cr c H,C=CR,
cpTi{ DAMe, == CpTi=CH, ——2 cpyTi{ CR, —

Cl (a) (b) 0 (c)  CpTi=0

(a) dissociation; (b) [2 + 2] cycloaddition; (¢) [2 + 2] retro-cycloaddition.

fEPetasis K MY, CpzTiMe 4 B 4k oK 1447 Tebbe S B .- Al Tebbeif7f/4H E.Cp2TiMe;
ER G % (NCpTiMe MMeLi) AE. i, ©4ida-E 2 H Cp,Ti=CHa.
R HURIICPTi (CH2R) 2% B RENG BRI S W B AR I . AME Wittigiak
7], Tebbeif il K BB AR BA B-A M LEEER], inH AR X . BH &HB-AM ik
ICp2TiR2, HLUICP,TiBuz, AHEAT a-Z3FHUSE LR AR 5 s A B2 3 BT 45 R AR R TR e

Problem 6.26. Draw a reasonable mechanism for the following Petasis reaction.

Cp,Ti(CH,Ph),
A

Ph

Me,N” 0 Me,N~ X

6.3.8 TE&S-HIRL B W IR A ZERAR R B

JRAE-Cop (CO) o2 &K T Pauson-Khand s NAE A AL A 8 H B & . “%E5Y)
FE N B I B Tk b A R %, C-OBs A 25 B BEA TSN N, TRIA IE B T Re e it
AL [ Co-CER LF B ILHE . SRR — BB BN HEC | o 7RV CofFAE T IR
PRSE B AR S5 7 28 5 S A% R B AR g e C I B = 2B 1 TR 0 T4

HEFICo2 (CO) RIS AW ] LAKE FHRIE MG IRAAAE N (AT, Skl
) R R, BEJE AT LLEEFe (D BT REMKCo, (COD s IR EFERR.

p Cco 0oC pr
r Co,(CO OC“C' CI ~CO 1) BHz; NaOH, H,0 ]
0,(CO) JLCo—=Co_ 1. NaOH, HyO,
\\ 2% oc /] ~Co - \\
/ 2) Fe(I1) OH
Pr AN

6.4 EHRM

6.4.1 #HEFMIL (Rh)
WilKinsonfi 14 7 1475 12 171 B #4172 b R 1) S AR A8 F) S A S 7 o 3 7 =%
T A P LT SR AL S AR, RS T LA K RS B R S



RO cat. (PhsP)sRACL gy H;0*
N - "ONF ey, — > ROH

HE s i . (A, RATEPAEAL /K R B S S I FE b 1) il i e
1] M-HEE R BA 2 5 B B-200H BRBEAT . SR T Wilkinson (i A6 77 i/ ] Bk ke 48 A FIM-
H%i% XA S B R] R A L B Y B C-HERE I AN 8, B A R I P 3 14 53— s S VA gt

%\/H L,Rh' R0>I)\/ \]/j\ﬁH ~L,Rn' RO H
11 H

HH g (a) Rh]—n H fc)

(a) oxidative addition; (b) allyhc transposition; (c) leducme elimination.

6.4.2 JEBRAPIEE 54F (Ru,W,Mo,Ti)
TR IR E AR RIS, AR A (RIR2C=RORY) MRS ke 2E i
RIR2C=CR!RZFIR3R*C=CR3R*,

Bu Bu H Me H
cat
2 >_< — >_{ + >_§i
H Me H Bu H Me

AN R NPT SR, FERTI, Mo, WHRURIZ SRR . AR
W ke o fRAEAL TR ZE AT M=Crf B 18 [ B 26 AF D e o S rM=Cri AL &4
NROR T BRI BN I EIAREAL T, EREEAR S S RENE NG IX L [ N o

MesN NMes

r|>cys Ph | ﬁAr Ph Cy = cyclohexyl

Cl—p, —/ Cl— _/ _ Me Mes = 2,4,6-trimethylphenyl

c1—Ru cl—Ru RO—Mo Mo  Ar= 2.6-diisopropyiphenyl
PCy; p(jy . RO R;O = CH3(CF3),CO

“Grubbs catalyst” “Grubbs II" “Schrock catalyst”

W 0 i S N AL A I — 2R B AR [2+ 203 I s R0 R A0 A8 S N2 HEAT (470 A S (A ERE
TR R ANSHISA . [RNAEFTAA R @ 7 AP, EE plnt £ 53E
W B 75 925 AT CABRASE P4 1] — AN e T 1A 3. A GrubbsEALTIFE AL IR IT 42
R AR 1 CysPEC A ) A 25 DA 500 e 2 < S I BC A BE 8 18 T AT (R [2+ 2] S B2 2 ATREAT o

Bu H Bu H Me H

H - M . H - M
€ (a) __— LM (b e
\:;::’;*”’ Me = H::/
Me H Me Bu
Ln'vi:< LnM:<
H Me H H
h:::;:__:___ H fd::#f__d__._{:.
B”:_:H () = LM = ;I)/‘\BU:_:H
Bu
H Bu H Bu H Me

fa) |2 + 2] cycloaddition; (b) [2 + 2] retro-cycloaddition.



Wil E ol S NAR A ARG AL T AR EE — MR AR AR, T RAEJE H.
X B RE AT 52 %, Bl LAIXAS SO —FFaR RAEAT TR 1 il )i ke BN . Bt
PRI, AEIRANSEAE T TARRENS IR 32 B BEBI AL RIBOT & T ik, SBUTAEERDT
BRI . — N ECONTZ R E o R AR AR R R 7 fif S B (RCMD,
FEIZAN L — AN XUAEAT 70 T W I e ok gt — DI A L4 . S LIRIIZE KR
e S NPT A [ A 5

iBu 0 Me iBu 0 Me
H \\P; E \\Pf
MeO,C~ N7 NH MeO,C~ N7 NH

“Grubbs catalyst”
S g*iPr Qi—Pr

RIN I Lo RS SRRSO T il s A ARKIA R AL SR B ik Trik. 2RI, BEls
A A TR ITH IR YD B AL R AL B 2 S AT ) T SR A A2 A .

Problem 6.27. Draw a mechanism for the following ring-closing metathesis
reaction.

RO, Et

20 mol% “Schrock catalyst”

\ o)
\_L>;NH CeHs, 22 °C

Et Et

REA e R RN B . X E RN (CMD Y, RN
Bk XN ALF I, WERWAERA AR RYE, RIS R EY).

“Grubbs IT”
Bzo”\“Tff + AT 0 BzO/ﬁ\“rfﬁ%“’/N\”’/xxOAc

TETFAE RS (ROMP) o, —AMEFEIK A X FEA 5K Sk vl LA e B 2t
1T IRNZE H— A
Problem 6.28. Draw a mechanism for the following ring-opening metathesis
reaction.

E Cabﬂcm :H HH HH H
>ﬂ




(z-BuO);sW=C(r-Bu)

or (t-BuNAr);Mo / CH,Cl,
@)

TbsO #-CsH TbsO n-CsH,

BRI ST 53 Al S S (AL AR F — SR B PR [2+ 218 0 RH [2+4+ 2038 [ BRI s A B o K e
i, — AR T M, BERERITEIER, (H2BREEMEH N dPUETE
W=Crtt ffr LA 75 B VLR

(Ot-Bu); (Or-Bu);

W. W,
— C\\ER C’ /ER
( (a) N (b)
_ \7/ = — \‘

| —=W(O¢-Bu )3
(-BuO);W=CR t
W(Oz-Bu ), —W(Or-Bu)s I
(b) @ /(a)

(a) coordination, [2 + 2] cycloaddition; (b) [2 + 2] retro-cycloaddition.

6.5 JHFRR ML

6.5.1 BERPIEA (Cr, Ru)

Cr (VD )72 F R SA A B 1)l A4 58 R FR TR . 18 3 FH (1377 B2 5 CrOs,
Jonesitif), PDC (Htig HEEESEE) LAKPCC (MEmESARIRE) . B RICr (VD) 7]
WG &I —AB-EIH RS HERIEL G FICT (VD -H. 11&4@%527?@?1'{?“&*/\&
(VD Wikl 2 Ja ] BEIEAT H e ISR SR S B o B 5 1 S Ak 71 L A CrOs AT LAIE I 7K A
TR i — P A R R

H H H

H
LC] —H* v
M ){ _C g —» /J\O+LCr—0H — L,Cr—OH

R OH “oH fa) R

(a) B-hydride elimination.

SR I CrfE A I B A A IR A BT V2 IR, {HJ2PRN*RUOs REBS M ALAL 22 1T i
HIEAMTFIELIINMO,  HoO08 ¥ 28 S FIRE A AL I [ B2 Ru (VID 8-S 9iEd A C &
I 425 2 B I Cr R [RIRE I R BB A IS . A5 2 5 1) S8 A 7 B 5 4 B =R u
(V) HHFHEAFERU (VID,
6.5.2 BERIEEN (Rh)

Wilkinsonfi AL AL T BEAL S0 LRI R . (RCHO—RH+CO). XE—A



AR, RS R B AIHLEEF A3 8. Rh (D RS AZ I AR B 5 R AAC TR L, 2-5
IR ABEE-Rh (D 2859, g2 S 0 B C-HEE S AL IR ™4 . COMITH
BRbt A4 HedE-Rh (D -HZE G, XS0 JE BT R ERg HEAIRh (Do 48
17, SN FRhZA TR CRZEATIERD, B M464) (PhsP) Rh (CO) Cl
TR RGN . R T HICOE AR RhE SRR AR G/ BT RIIRhAEH B
=, AT ArARE A A S O KRR D BN T A E .

e il O 1l
os P
S ) R N N Y
H}Rh\_ - — =
R H (a) | "P| (b) H | "P (c)
Cl
I b "
P P R. | _C?% “R-H_ P! _CO
R Rh7_ - h7_ h7_
HOLTP @ E P () C TP

{a) nucleophilic addition; (#) 1,2-hydride shift;
P =PhsP (c) dissociation; (d) elimination; (e) reductive
elimination.

6.6 MLk

EBMENIRZ RN, AT G RARNAMER, (HE AT DR Hac T — L 50 J7
U

FITA P B 4 T (P RN #2242 i 1 sk ) LR s 2 H R — Ao

BRI S, M B AN R AR AR 1, P DAY i 1 b % 250 4 8 WL A ik
PRI, fE4 8 bt ERRR Y] R BC A B A B S ) 5.

P XY BRI — > ) OG0 TR R B A N BIM-X B . M-XCBERHRE S
MAT—A>X-Y 8 RS8N ™ 2R 1

EHL AP EUAR s B A2 3 e C- X ) SR A I BSR4 T 11

O J8 JU AR Ty AT 0- S8 H ] i

B A M=CH [ AP A T3EAT [2+ 2P IR B, 4 S8 AR T4 i i) T3k A7 [2+2] 30
EEZN)I5 S

S5 AT S i m) T AT -l AN A o B N o

FULLZ BN EE AR TR 2 PRI T s S o TN — AP 1) BRI 7R G
fA] FIIE B4 FFURWE?

M ANEEER GEWIEECEP)EEC (sp), MNEEBE NI L) L E%
HARET, AR RIS — DA APd (0 BIC-XEEMEMM . GATESMS, LTS
FRrh A N B B i H-PA(0)-Hh TEIAA (1 A 5 7o)

SGAENME XY BN B — D B, AR S — DA P (0D [RIX-Y O )%
e, SR, M— Rz aGm e — A akid B, —ANPd (D FiZnfd s SH R Re 2
— A rh A

HERBEREZIUS, A BIPdEAL I TT 46 T-Pd (0D, BIfEZPd (1D #hn%|
S SR ) R A%

NE GBI RAT A, ICFEFRCIRLEE 1, F—A 0T BB s 1, [
T /& Grossmani ) !



>
1P &2+ 73 % WANT Z A I I REALT, BERS AR IR AN SR AR T DUR LT 17 R AL — KA
e D9 I PAE AL R S I H S ST EE

2% (PhyP),PdCL, / N=
N znci A
+ .
4% i-Bu,AlH N N\ /

sozph SO,Ph

(b) chiral diphosphinite = (S)-2,2"-bis(diphenylphosphinoxy)-1.1’-binaphthyl.
OCH, OCH;
‘ A~ NHTs ‘
L e, O
2.8% Pdadbas
0CO->Me chiral diphosphinite N N

Ts

SiMe;y SiMe;,

c
—.. S
cat. Pd(PPhy),

cat. Cul, EtsN

[

\

\ /
/

Ph
(d) ;NI\SIM% PhB(OH), ~ SiMe;
S TS
cat. Pd{pph3)4 /v\\l/
= Na,CO; = py
() A~ Z > CO,E ~. b
SJ cat. Pd{OAC)z SQ/\
I K,COs BuyN+*I- Z CO,Et
R H

(® >W<7 5 mol% Pd(PPhy),

SO-;AI

SO, Ar

(g) dppf = 1,1'-bis(diphenylphosphino)ferrocene.

CO?EI
_,g CN

(h)
AN T L

CH;

1 mol% Pda(dba);-CHCl; CO-Et
5 mol% dppf CN

Ph

HyC _~__OAc
cat. PACL,, cat. CuCl, \[l/\/\/\/

0



(i) o EO O
D ]
N 2% (PhsP),PdCl,, 8% PPh; N
CO, 1.3 EtsN, EtOH
Br o)

(i) I~ _OH CHO
EGN, cat. PA(OAc), O/\/

(k) One could draw a mechanism for this reaction that did not require Pd, but
in fact both bond-forming steps are Pd-catalyzed.

COM excess 72 “CHO CO,Me
2M€ T 4LiCL AcOH Cl
2 mol% Pd(OAc), CHO

(1) DIBAL = i-Bu,AlH.

HO

HO
O
2 H BocHN
SnBu, 4% (Ph;,P)ZPdClszDIBAL 0
— cat. Pd(PPhy);
<: ~ T CO.McOH
~ OAc
CO>Me
" ()
1+
Cco
N X MeN O
Me Me

Me Li*

NHBoc

0]

(o) This reaction is Pt-catalyzed, but its mechanism is very similar to many
Pd-catalyzed reactions. Note: The active catalyst is a Pt(Il) species,
whereas H,PtClg is a Pt(IV) species (PtCly-2HCI).

D HSiCl AN
SiMe;y cat. HoP(Clg Cl3Si1 SiMe;
(p) . Q
OTf N SnBuy Vet
Messi” N
TfO CO, cat. (Ph;P),PdCl,

SiMe;



AcO
cat. PA(OAc),
LiOAc, O,
SO,Ph  DMSO

“S0,Ph

0sN

OH .
cat. PdCl, O
R MeOH, CO, CuCl, M;ﬁozme
CH;

~CO;Me
CO, MeOH /@
cat. (Ph;P),PdCl
3E)2 2 HO
(11) /@:\/\OH Cs,COs /@\/j
Me 1 cat. Pd(OAc),, Me 0

cat. ArP(7-Bu),

(u) NHAc  PhC=CCO,Et NAc
LiCl, KOAc, /
I cat. Pd(OAc), Ph

COEt

2.5 TPAZ A, AR 2 ML P B R BEME AT LS. o DA T~ THI F) <52 JoR R AL 1 S5 2 18] ) 5 AL o

(a) CH; |
0 PhSit, OSiHPh,
H:C J\/\/\\ cat. szTi{PMe;)rz
CH,

(b) Ar = 2,6-dimethylphenyl.

t. NAr

t-BuO- Mo ~ t-Bu

r-BuO

-

F3C CFi/n

(c) BINAP = 2,2'-bis(diphenylphosphino)-1,1’-binaphthyl.

t-B
CHO




(d) BulLi is added to the Rh complex, then the substrate is added.

BnO 5 mol% (PhaPyRRCl/ MO
BnO (8] mo ( 3 }3 BnO (8]
BnO OT/\\\ 7.5 mol% n-BuLi BnO Oj,/f\

OBn OBn

(e) Fcm = ferrocenylmethyl, a protecting group for N. Cy = cyclohexyl.

Bn Bn

CPhy
P
ch\N/‘\/ 5 mol% Cys R f
)\/‘\ CYBP Cl
0 = 0

() PhI=NTs NTs
pp Ny~ COMe o < CO:Me

cat. CuOTf

(g) R = n-hexyl;cod = 1,5-cyclooctadiene, a weak four-electron donor ligand.

Ph e &
0~_N__o0 — _
U 5 mol% Ni(cod),/ 2 PPh; 111)11\1

(h) Cp* = pentamethylcyclopentadienyl, CsMes ™.

/\]/\/ PhSiH; G\ SiH,Ph
OSiR, 5 mol% Cp*,YMe OSiR,
(1) acac = acetylacetonate (MeC(O)CH=C(O~)Me).
Bu M (0]
/\)I\ \/\B(OH)z /\)i/lL
~ cat. Rh(acac)(CO)2, gy~ ™ Me
Ph,P(CH,)4PPhs,,
MeOH, H,0

() Q ;
/\/ “Grubbs catalyst” 0 0

(k) The role of the AgOTf is simply to ionize the Rh—CI bond and to make
the Rh a more active catalyst.

E(0,C - 10 mol% RhCI(PPhy);  E0,C
EtO,C N 10 mol% AgOTf EtO,C




(1) acac = acetylacetonate [MeC(O)CH=C(O " )Me].
Et Et
A Hy, CO PN

O o - 0 o O
HeCl cat. Rh(acac)(CO),, H
CSHIIM g cat. P(OAr); CsHy,

3. R T 10 SN AN U R AR A 0 S ML 0 L, (R SR e A R B AR AT I SR R AN PT
B LT @A 3 0 SN S SR

a (CO)
( ) AcO Co ’

HsC \—@CD(COh

OMe MeO
(b) Me q
X OX\ 1) Coy(CO)g
H OEt 2) EnAICI
Me,Si
(c)

(d) The Grignard reagent reacts with the Ti complex first.

HO — 0
JJ\ Ti(O-i-Pr),/ 2 i-PrMeCl;
N0 NoR E{CHO Et 0

(e) I NH

OCH;
n-Buli; CH;CN, A I H3CO
- - - CHj
Cpa2Zr(Me)Cl
Br




(f) SiMe;

=—-S8iMe; = ‘
< /NPr Ti(0-i-Pr)y/ 2 i-PrMgCl lz.. )

NPr

(g) CuBr-SMe, is simply a more soluble form of CuBr.

/\)OL 0 Me O @
Me” Nf(o J\
Cp,Zr(H)Cl  CuBr-SMe Ph . N” "o
Bu/\\\ 2 - 2'__ ~ - \_/
Bu  Bni

(h) H HO Bn
sn0—\  NBn  DHgOLCFy), N
BnO 2) NaBH,, O, BnO

OBn OBn

(@) OMe
(CO}5Cr=<
Me
@
. _OB
Y cpives
6\"/0
0

4 AEPAMEAL 1SS SUBI F , fsJ BOE 55 22k s AL ) S LA & 1>Br>Cl. #R111 5 5 1 i Sonogashira
IR ] 5 A0 8 A cis- — R LIV E R IR s W 2R M cis- IR LG N R =15 BIRAK K 7~
o Mtar (Gom: BREBFE SCRAIPAE TR, OSBRI 7k m] 58 B A 2 AT A
CNSITAR

R

Cl Z

RC=CH
| cat. Pd(0), Et;N |

Cl .,_‘-\\:\

R



7 SRENLHE

TﬁmM%H&TM%*%ﬂ%ﬁ%%%ﬁﬂﬂb&%%ﬁ¢Mﬁw%g%ﬁim@%
KA, WRETHEEEERER—
1. fRORER— A Il @ 3 A i) 4.
.% AR A AN EZETUERAY . EREA BT 2 24 51 R A LA TE
JES . NI E R T

0,, hv
Rose Bengal

Qinghaosu

5 A G A ] P S A A AR R H TR AR o TR AR AR SO 2 T SRR T
BAERL T KIES (-20°C) BERRE k. iR, SRR ALY,
) H 7R R DR T LB R BT A TS
3. N TH Y 7] FRLEE T+ isocomene B4 &, isocomene & —Ff =3 LTI I RAR =4
(@) (D) EHHAEULEY) 1 PIPLEE.
G 5L R B R R B, RERTEY
Gil) RS — 0 A A BN R R



0]
ﬁ% A\)kocaaﬂlil
(6}

OCH;3

(b) LAY 1Ay 2 70 2 FeAl oy 3 BIHLEL.

DA 17 > oMoMm

-

OMOM 2
07 TOCH;
NaH i A Zn, NaOH /

DMSO T oMOM 3

O CH;
(©) () HHAEY 3 B 4 #Abrh i K i 38 S 1 44 -
Gii) XA SIS BT B8 2 HIOR I
3 "Conditions" LDA
oOMOM ~— * OMOM
O ICH OH

(d) mHALEY 4 2 11 BPFACRIPLE



(cocCl), 5 Et;N

DMSO el TS
-718°C warmto RT OMOM
6
Q 7 Q H
6 2Li ]—{30+ Ph}P, lg
liq. NH; 7 8
HyC 0" SoMe  HiC OH
0 g 0 g HiC oy

Bu3SnH CH;Li; cat. TsOH
cat. AIBN 10 work-up
H;C’

HsC I

4. % isocomene [1) 7 VA0l HoAth— 26 B AL A 5%
(a) H LG 1 3] 4 A HONLEE .

O g O Seph
LDA: PhSeSePh
1 2
HxC X H;C S
o H CH;
MesS* I- Buli 2 2 Bu3SnH
cat. AIBN
4

(b) &5 5 AT LiAIH, N5 21 Of B FR ik o ()44 o mh )44 AI(O-i-Pr)s S PR S B
LSRR N A . 2 5 B AN G 6. T 5 [ (Bl R AT ] 6 He AL LR

— ) CH; 1) LiAlH, y
2) Al(O-i-Pr)s, CH,
CH; acetone
S HO o >cu, 9

(o) EHLE 7 [ 8 HALRIHLEE . LIDBB & MRt T THF /) Li Fitb&4, mrEl
A L




2 LiDBB
0 THF

5.1 AN SRR 2B AL

OH CH
I \)\ / 3
o HO,
COgMC CH; * e BFg'OEtz
H;3C —_— =

cat. Rhy(OAc), H3C
N>
o) 0
)S/COZMe O3 Jv/cozme. MeOH
H,C il Mes  HiC o, cat. TSOH St
—\ ey
i %

6. T I SN PR ATAT B 22 D LR P LB B 0 T 288 2 BRI Mg — 28 ) 1k B AS [
1] ) EL A o AT

OH
O
)j\ . CH, t-BuOK
Naph CH; hv, lig. NH;
Naph

Br

7.0 1 B SRR

Me
\ NHBn CH O
e oM PhCO,H
H O')MC
R

GO B BRI AR 2L

GD F=A— N BUs KAERR, 2 & EHTE K.
8. I HIA R B A o S MESRAA B B 3R o 1 R 2P R ATLEE . Dbs (2,6-dibenzosuberyl)
s N LRI




SiMe,Ph N Br
I
HN
“Dbs Znl,, EtOH
N
|
== cat. (Ph3P),Pd(0,CCF3), Dbs =

i-ProNEt
DbsN



B RImE

RN A IRARTEAR S PRI AT L+ MERR L I T AN, &0, BENLE,
YIERA NS SR I0— 28 SCHR o 53 Ah—FR AR LA b Y BAT A0 DR - PR FR A DR F5 R A H i
BRI EE, (D T AW SHLIEE,. Carey and Sundberg, Advanced Organic Chemistry,
Part A, 4" ed. (New York: Kluwer Academic/Plenum Publishers, 2000), Lowry and Richardson’s
Mechanism and Theory in Organic Chemistry, 3rd ed. (New York: Addison Wesley, 1987), and
Carroll’s Perspectives on Structure and Mechanism in Organic Chemistry (Monterey CA:
Brooks/Cole Publishing Co., 1998) % 35 AW HL A WL o A0AT 13804 27 Az ] FH S 56 7 VAIE K
BUBRE & B, AN an T 5 LB

Smith and March, March s Advanced Organic Chemistry, 5th ed.(John Wiley & Sons, 2001)
Rfft 7 RENBESLH], HBHRE SR G, HENZEESHEHBIMIELS . Scudder’s
Electron Flow in Organic Chemistry (John Wiley & Sons, 1992)/LEEJFRAR 47, (H'e & S 1EHE
RE AT AR 20 #0F2 . Edenborough’s Writing Organic Reaction Mechanisms: A Practical Guide,
2nd ed. (Bristol, PA: Taylor & Francis,1997)/2 — &R 47 A=A, BEAFEEEANES >
151 Miller and Solomon’s Writing Reaction Mechanisms in Organic Chemistry, 2nd ed. (New York:
Academic Press, 1999) 5 A Z 7i: M H B bE . A +542{it Edenborough#1Miller and
Solomon#h ) AN IEFE -

A BIRAH A ReTa tH B LS AN R R B AL IR R 2 %%, WA+ A A
SN ATLER EN SRS F] o B A B4 S I SR AR R B 5 05 B A S ) SR R AE R A
B vhie. REBENIMARR F&—FEK. A4, MmN E, SRV, M2
MBI A IOV A o X FhAE WL daHESE #4022 N Miller #1 Solomon R %11k, Hi&&
PR A 5 G B0 I AL, B RN AL 1 P IR K 2 5 I SEEAT B SR AR B R T
B MA R R,

-wmPHE T Sl At RS SRR AL ESE A SRR A
EIETE T WA CRZ . SR AN R, JF HARBE T S MR T =Bl K 2
LR VI I SN o $2 N ORI B EE T AL N AR SN 3R OB . H i
ISR I 5 O AL SN, FR4 T e S SN R S 2 (A AN LA BT XERLER S 17 L
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