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Lt E.=15kcal/molfy ik BT tR—E ', )5 & P E b B.=25kcal/ molfy L b #E 4T
fRR— B 0, 3R TR A R S R AR R B A, — R, BT A 10°C, MR iR —
O, MFZ, WE 10°C2 2%, HRECHE 100% H2E5], "I, fE12x3) h#EdRm, REEER
GEH £0.02°C) 2 EH EEM,

(2) SPEREER SHREEID LRGSR, o EAREEIB LR # %S
IR Z R F AL, 1R R TEM L ELIL Rt B b, B R — B RLRE bL K Rz 4y F A R 4 iy
frRe Al m i PR A BRI LS A, KR ERERTLE, —75 1 =LAy R A IR AR M R
¥, 55— J5 T A T LA 23 iR A TE R iy Az e

% B PLR,

R—X+Y —s R—Y+X
XA R L 7R o BB B o o RE BR B A,
E=E(rgx, Try, Txy)
Ho, rex AR SXZRAIMEEE; ey AR EY ZRIMWES, roy AXE Y ZHIH9HE B,
Bk R X, Y #E—KEHL Lizg),
Txy =Trx + Try

w L RE R B FT LA S 1

©® F E.~3.5kcal/mol fyRFL, TERR, HEREZ MM, MR F EARBEEMR, WEMEKX,
e 6 o



E=FE(rgx, Try)
XA, LRSS v 2RI R R A R B R R bR R, W kb R AL RERRAE, Ak R AE
B EAMMUARFHERAMAEE, #E A mE EaELRE E, fhE LR R et —
T, AT SRR R RENEIKE 14. 1),
AR R BB R LR R, W —A R RN —A AR SR SRR, FEA
B NRE R B AR R SR M, —&, JARE () RRIBELE LSRG 26 KMk,

- E

TR-Y I B B Y R B
Hi14.1 RF R—X+Y —> RY+X myfifem (- #n K B 14.2 7E{L %R P BAREM AR
FLHyFF4h, S FoRdHERE, XERRBEHET).

HHE AR AER BT ERIGILEER ZRERTIX S A YR MR BT hE RiEE
s ARIR G PEAR AR TS, FE M 5y T BUR R A

A+ BC—»[A---B---C]—$>AB+C
(B GEBERE) ()

A B HEZIITAEGERE; REALBEE BE5CHR, | 14.2 hifm, AH” AiEf
g AH Fon it EREZE ™ B M RE R AH° bk RTER PTG RERAYEL,

XH, R ERE RS R, A ZRTSE B—C44&, REHaE B—C dhity Lo #E i
Hlgs, {0 B—C WETFE & HO R, FEiARE IR MR I a7, BTG fe 2R P B
AOLRE LA, BERMYERIEREE, MHEALERECGFNERIELE S . lE, AL Bt
— BRI RW R I, B 5 C N — P o B E B, FNALRERE T M, Be)a s R By
iR,

(3) RpRGL RN, Wit R PR st PR A M B A B AR Z — & 3) ) E R R
FL®o [RL3 AR AT LARZ R SLEE (9 3 ) %, BRI xR R ALER f FF ST 1R 86 TR, A5 1R K
By A AR A 45 g LA B AL RE T o B Beh, — B, JRSR, 18 SRt SR R SR M E 3) 0 # F
PEFRBRL, e it 7T TR0 36 % o 3 B 9 REMAAR /0, AEL IR 56

L% EF, M 2N EEXHIETEMNnigE L, BTRELXEFZER 49T,
A eEmEFREERTHETROFEG. REXNTEAIRNGECISL, SN F MR ERE
—FEM, ANLLSM IR, R AE C —H MR BIRTE 2900~3100 cm™', HFIABRE LA X,
C—D /R R AETELLBIRM I E, HMRERLBIK, H7E 2050~2200cm ™, XH¢, HE—INERE

C—H Wi W HE R8s i R B B8, ATLATIHI C —H R %k C—D #ifik. Lk, EfnEAR
« 7 e




WEREARRE, C—H @tk C—D @i k4m
1.2kcal/mol (g 14.3),

C—H iR A iR fLflt C—D g |
K, Bk, C—HRMEELL C—D RKFH o
HEKX, FHERMRBEL TR RNT:

3. 2 R ke =

PRt iR B pE R AR (1) —%& C—Htp —

[RI 2 3% B2 ® (primary isotope effect) F1(2) . B 14.3 B30 2R RSN A RS
RIFAPLFE R ™ (secondary isotope effect), — &% [l 35 38 7 ok 2 AE IR B #EAT I R AR T 24 11y
B LR ERRARRL, ZRFE LR A TE R P T A R AW R (BT RER 58, B 21k
B HALEW) A EMRIMLERBRR AL, R hERMERMA RN EBTESERES
PEMANERE, mREBENRMERS, C—H (G C—D) @B ARy, HFEARIDE
HREE C—H B, 3HERREIF RREMED R A7, Bifx BikA —% 3 b2 %, *t
BRAESERE D C—H gl R GREEWR, 25 M9 R BL, 35 2R 60 5% 0 i A/ B8 R
HUWTRGERE, REMLM1I-R-2-ZK 5 MBI R B R H B R R (ka/kp=7.1), X ZWI{E
WEREH, C—HEJL LM H:
C,H.CH!CH,Br 228 c.H.cH—CH,

FELHE R 2 B3R 75 B R R B B iR — 3 H 2 RAL R R, 3%k A 1 53 B e 2 2B T s
BAEFESRM T VAR R R, iR BER B E D R —A Ak

E
F~ H " E
Q) ve o @ =

ky
=10
FIRAKEMZRIE S FR s F R TE S 7T LA 30 D2 RALRERL, W TFFR
—AREATLAHHE N FESHR TR M RMLFERE 2.0, EEHRAEFEXERE -1 ES
MSETH B FokAh £ H 0 D poAax 4ok,

5 PRI FE S (ku/kp=2)
1 CH.CHy Cl CHCHCL 2
1 CaHSCDs} 80°0 C,H,CD,Cl 1

TR TES (ku/kp=2)

e 8 .



Cl. C,H,CHDCI 4
CH,CH,D —> " °
80°C C,H,CH,Cl 1

Clz) CH,CD,Cl1 1
80°C C,H,CHDCIl 1

7 5h, H—D [RI 6L 32 b7 £ 18 By — /> ER %, K BLAn ku/ ko 7E 0°C2h 8.2; #£ 500°C4 2.1, H
D ERE EMEJRFRMLE ERH—A, EiliemiE b k£ B A i F AL & %
(BrH—T LM s ek iy —4~, C12-C13 [ R R HH B0 A2 25°C, 3 h il 1.022, X4
BAA KD, FORBIRZE W ALK 47

o 57 52 K o = e R R B B A/ IR L R B AR R B R RO B R B XM, MR
PSRBT A B AR R — A BRI 1R B R Y a7, TR — AR IR
FHM B3P, FARCAM KA A 14. 4 sRFTRAY, RAE RN Syl KFirh f XLs [ A &

CH,CHD,

H, H, H, H,
&b d i
B 14.4
— B RE « F1 8 R R R R, K R R R, B AR, —, R
A S i B R R AT LA A,

FIA o [F B3R /N AT EABE B Snl 11 Sn2 KRz, Sl K BZAG T 4 35 %8 37 b/ b =
1.08—1.25) bede A, XM, BCEAIA/NE BB A E, 1 AT AT AR B B T o O 1
O, Sx2 KRl o IR R P E AR /1 (0.95—1.06), A B BIEL IR (ou/kp<1)®, 5%
B, AR SRR S S M ST R, BT, SRR S HaR B, Ve e, R I
Wt S R g R R, BT AR A P R, LA B IR B R R, W o SR B ELS ),

WRA-—RAMER M BEL EHBEZRL0Y, MK EER, B TRICKEIE, X
B4 TRER B Tl A B SR AL i v R A 00, FETE AL VE A, B SR Br e B Fik R 25 1) 2 1k
(90, FEREEMBERREALRRRGEM, A MALERRRA, KRR R R A
T3 R RNE KRR T2 b R RE (B L B bR SE RO P AR — BB, BAR, X L ME TSRk
B SR p NG AT A S, SR —FB R A BRI RS, B, X
T UL 3L P b2 RO 8 2 TE DR KB RO, Fa SRR BU e, B A BLEBRITE Sl
B BLAE Sx2 RFLEA Y, AR IR AE Sl [T RE B A 805 I8 B 1o 7 R i ik 28, T
St B B SR B 5 1 R, 5 R T,

Seltzer "®xtil Diels-Alder J 57 40072 B il = 2% 7] B 26780 R 19— A A 46 5k 6 5 1 )
Fo FAJLF AR T BolR R T8 2- F ALk AU T 45 ~RREFIRAR o 0 & 4 (F 14.5)
oo SR VE PS5 s E XA Y (B 14.5d Fl e ) AL, L SPLR S R, ik & B 76 R
ERFARRE RO ARG, BRAE Z(E 14.5¢) f o FAERE0RR Y % R
WTZ S IR R A R X AR T b R, 75 D AR v A R B R A R PR T L,
W A R 22200 (B 14.5. ) Ffesx ek, B SH %% Y Diels-Alder A #fy s RE K
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G HEAT M. MNTT, % & Diels-Alder SR AY a4k, ATLART 5 X Fh (2 4) In -t 2 # b [ D
H TR,

(@) £ H

) X=Y=D ChieY. 3
{c) Z=D a/b=1.16
(d) X=D alc=1.08
(e) Y=D d/e=1.00
¢(f) R=D a/f=1.03

B 14.5

BIF 98— 20 R B 38 28 Bz, 4730 iR 1 T TIE 5 WL 5% 380 1 [ o S5 O i i — iy, fildm, 26 FHE3%
BG5BT AT S E 19 B R R 3238 bz, kB b Wl RE S i R U1 B — S [RIfix
T RIS e 2 1 58 0 B B L — Sk [R) L 228 B B SR, PR, 43 d R IR SR AORE, 420 R
Sy BT

T —Fh e By R B R A A 3h D R B, % R DL SR 28% 5 B B R TRk
A F M I AR FEMLRE R, %k, R Srh, 824tk R LR b =%
FOL R PR ATE — S, AL B, P T a0 R EEM, ZREMLEENEKRER
@210 B, A LA BT, FEH R RSB LA R R B ZE IR 2EIX 5 T, 2% HH Y R AR BE
FE M F AN 2% G5 H o T JiE I B b L 5% B o Rl BL 3R R, X B, AR B A AL R B Al Rk As
Bl XS A BN R A BUR Y. At R IR L 38—, RA SR BRI Bk
BIRTLAREE], AUk, BEKFEMLE, WEE—AEERS K RA R BR HXFER,

FEA R LT B ok FReh 70, 23 ] [A] b 38 8RR B SR A B A o £ B (1] 14.
6) BRI o LB LM PR (B 14.7) MR, X8, FEAZ800E R R

Br R CR,—CR,

VAERN S/ AN
w0cE—B)-con @)
\RB} \CX3 c§(3

R=H,D R=H,D
X=H,D
B 14.6 B 14.7

R=H,D
& 14.8

a JO e



