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The reaction process and steric situations of novel basic and chiral catalyst Diels-Alder reactions by Kagan et al.

were speculated by IRC of PM7 simulation for the three molecules reactions clearly. The addition reactions of enolic

dienes (1) with dienophiles (2) by amines (3) such as (S)-(+)-prolinol / (R)-(—)-prolinol proceeded via lower energy

reaction complexes (RC) and transition states (TS) of two steps. The steric shapes by IRC (Figure 2 ~ 6) showed the

clear interactions between the reaction points, and of OH with amine moieties in the 1:3, 1-3:2 and TS complexes,

to give high stereoselective adducts. IRC of some reactions also guesses right the Michael reaction selectivity. The

handy PM7 simulation is recommended for usual chemical growth.
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1 [FLC&IC

J =N )VE RGO Diels-Alder (DA) K& Tl Lewis Bfi
IS HE$%TH . —F TKagan HiE Y T2/ (1)IC9-
7y ha—de)Efv, YL/ T 1)V (2) DDA
%, Lewisifil(3), RHIKIRHRD (S)-(+)- 71/ —)b
@SR A Y UMIET [1a], MM 51E3-v ko
Fr2-¥oryR3 b krodFr2-¥U F2Ab)DDAK
ISy A VETAFRLL, EYEEY 2 FoA
BEARFITHOTWS [1b]. LM LZFDIF v F AR
i co b B 5k & RS O RN ENERIH
Thb.

AT, Sed OHA L BAMBOME, Z LT o
U/ VD RIKE STRORFHHHLAEFHDIRCIC K % MO &
Tal—varvmEfTy, KT atXe, Tox
FIVF—ERISEMOZ L Z RIS 5. KB Ex T
MOPAC2016-PM7iEEZ VY, > 70> 2T T (CP)
EHOKR LA Vg MA) & DRBENDAKIL, 1YY T
F— DT L 2 ACANDGEFEMIE S 75 E 2 T L, 2~
457 T SOS DVE R BERE 2 fRIH U 72 [2]. 3 RIN7A DA X
J& TR () DS EER (RC), EBEIREE(TS)Z L TDA
R @4) DT 3 )V F — & ARFEIE D MO I TE m 22 [ 1
ICEHM ke, 2 OFREREEFIRREICK S [2a).

1+2 > 12 (RC)(Endo/Exo) —= TS —> Productd -- (1)
AL Z DFRFR I i S D FEIC PMTIEHRHECTH 5 .

2 FIERER, BREER

FHEIC K B IRATIE, BER [2a]- [2d] EREETH S, PMT
L TRRD T O BERERA LA CRCZRYD, TS, Eaff
S A R (A Hp BTER & IRCIRHT D 53R, & T it
117 PC T ORGEZ b & eI HR S 5 .

21 1-eFOF-v7aORYEZ2I TV
(CPOH:1a) &£ MA (2a) E DRIGND k1)
TFIVT = > (3a) DEREVER DR

X1 2] B DO, BRI Y T RO EA
MiaRe LTlaMEI Nz, 2T THT2alDDAK
JSMARHT T Eald Endo/Exo: 21.3/21.5 (keal mol ‘(1 cal = 4.18
N)TH-oTz. OHEDNRE MR NS,

I il 3a DAF H R AT A R D2 A 7w 77 (TS1 & TS2
DIFEYDRQ) &, ZOMERKIED T X IVF—Z AT
75 L7 Figure 11, Tx)VF—, TS, #EHRE %
Table 1 & Figure 21C/RY . JEHE DKM Type AT, TD
RIE< AT VAN (MC) KIS & Dt 0D Type BTH 5.
Type BIE ik [la]ic 5N 5. 1aD OHE & 3a D NED
Pk, RU2aDIT Y REGET, RCUIKEMGEHETI
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(1 +2+ 3) Reaction: Type A and Type B

Figure 1. Energy diagram of reactions (1 + 2) and (1 +2 +
3(Type A and B)).

1+3 > 13 —> 1:32[RC)(Endo/Exo) —» TSI —=

RC2 —= TS2(DA/MC) - 43 —> Product4

Table 1

energies (kcal molfl)

Reaction process of (1a + 2a + 3a) and the stage

RCI1 Ears: RC2 Earsiopa DA FEarsomc
Start: 0.0 (keal mol )
for Endo -10.7 8.4 -33.3 8.9 -36.3 0.6
for Exo -11.6 11.1 -38.9 15.8 -36.3 1.1

TSI () Ears; = 8.4 keal mol”!

Figure 2. TS1-IRC curve of (1a + 3a + 2a)Endo-reaction and

the TS1 structure (arrow: first reaction points).

keal mol ' ZZE(L L, ZD TSI Tld1ald 7 =4 1k, 3a
3 AFA4 L, HOMODEE b LIERFRMET, =V K
KISHVERI & 755 (Ea = 8.4 keal mol ). HL T DHRTIE
Table 1 TMCIJSDEF]T, ERPIZ3ZEOMHEICE X
LHlEND.

N-~bib-3-B FOFT2-ED K> @1b)
DIEE (3a 75 &) IR T D DA KRty

1IbZEDON-Z)VKR =)V 3-L ROFv2-FY Ry %
DY T /)T 4)VEDDAKIGT, 3aRREEKIRT IV
AT AR5 & ORI RN TH S [1b]. &
HTWE b EN-AF )L LA 2 F2b) & DDA LD,
3afil it TV RIADHZ G 2 % ,% O RIE =R L,
Table 2 & Figure 319 . FIETRMBOAKTT Y R
TSAE D7 (31.7 — 16.8)(kcal mol "), V7 1A R T Eacndo /
Eaco = 168 /1857 /1. HERTOI Y RIKEERS %
BB L TW5. X7zFigure 3D TSlendo T, S0t EAE
DENKEV. ThiZ, 3alcXB1bOOH -0 A+

2.2
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Table 2 (1b + 2b(+ 3a)) Reaction energies (kcal molfl)

Reaction Reaction (1b + 2b) Reaction (1b +2b + 3a)

pattern RC Ears DA RC1 FEarsi DA Exp. Data
for Endo -4.1 31.7 -27.1 -18  16.8  -38.5 Endo only
for Exo -4 32.6 -27.8 -6 185  -374  [lb]

5&%:

Zb 52 53 3a
TSIy, (Ea=18.5)
(Rg50= 2.1, Ry53= 2.9 (A))

N/SOZ
4 \ 2 o
TS oo (La 16.8 (kcal mol ™))
(Re-52= 2.0, R3.55= 3.3 (A))

Figure 3. Catalytic (1b + 2b) / 3a DA reaction and the Endo
and Exo transition state (TS1) simulation (Numbers 52, 53 on
2b are in the MO calculation).
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45S)-(--DA

Figure 4. Enantioselectivity of (1¢ + 2b) / 3s DA reaction

(Numbers 44, 45 etc. are used in the calculation of Figure 6).

{LTCOY T AGERFMERER, HOMOD b5, KU b
JVEBEL ORI RE L BIR L, EafmhME ~d % &k
5.

3 9-7rhFO—)bAe)EN-XFIL L
14 2 F@b)D KGN D(S)-(+)-/ (R)-
(-)-701 /=)L @s3r)ftiEIc K BT
T F A FEIRMEDIREE

Kagan 5 D EE TIE, (lc+2b)/(S)-(+)-7 1V /—)b

(3s) DI ST, 2B TR (S)-(—)-DAKRAE KA, Y

H85%, 47% ee, LWHE TH % (Figure 4). F=MCiAL

DEBLENTVS [la).

3 1c&ES)-H-7al / —IL@Bs) R U R)-
(-)-78Y./—Iu@r) DIER

X9, leL3sDRLEF AL - 3si, HHEISONE
OHIBIC, 1eDOHMBEHIAT SV I 2L —¥ 3 »TF
51, Figure 5 DEBNS/RT . 75D OHZ &8 7 HEIR
IKEREEHD, 1eDT7 ¥ M T VEFmEIMCIR TN TA
FIWCAAET B, TOAEMNSRTIEEREAIr L1l D
P Le3r & T3V F—2 5 (E1E 13.6 keal mol ' & [d] U
T, WEEAIENRE - TED, WEIN5.
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Figure 5. Reaction complex 1¢-3s simulation between 1¢ and
3s(, and 1¢-3r).

32 1e3s&2bé& DK Ule3dr&2bE DDA
S

F MM D (1 + 2b) DA SIS THE LT RV F—H
Ea=17.6 kcalmol ' L EHIEN 3.

KIS Nz 1e3sIS R T % 2b DDA KL FHFTIE, 1c
D7V RTREMEITH L, 2bH3s & [AH TLEL, F
TG CREAD, 4AFORISHAIHETH B. Table 3D
EEICZFDORIE4FED 1D, fiEER R ADRIS 7 1t
A :Figure 5 C2bA\[A[H T/E T (Same and Left: SL) /5 D
KD, XQ)DHHEBOFEMZ/RT. £z FEBIcZ
DIF VFF— Ir il ORE R 2 RT .

FECREERII MO 3, F U CHEf LR IS (17.6 keal mol ')
E LA, RCLEMK L, Earsi(9.7), Earsapafli & & D
3RS0 Earsi(13.5~15.2)(keal mol )2 X D/NE LY, 221
EDFEWVIEDAKD IS > F A — SIKDERT, Ehi
PHREFENT WA, Figure 617 Oft R K DRSS
Ot ZXDRCI, TSIZ LU TDAKZ/RT. 2bD IV AR=
IVEBZEM3s DT 2 VERksE L kERES, T LUTTSTIEN
WEAHFAVEEKRL, ROBIFVF—{b, BIE ik
ICHFE LTS LBIEENS. DARLEIE, Kagan 5 DI
SR IEERT D (S)-(—)-DAFK [1a] LRI U EMREE Nz, %
@ Figure 6 D (S)-(—)-DAKDAFK L, 2bICHIT B, 1eD
OH Il & DS DNTARELE (RH)) THfRE N5 .

33 (R)-(-)-70U/—)L3r)DIERE RIS

Irtlcd Ole3rfth DAk &, F DG L
I x)VF—TERMIEFIEERARMEICL THDL N,
Figure 5O 4 il I /x U 7z 37 4K B & A moxf #f &
H o T WA, 1e3ric X9 520DDAK I D4fE T
&, leiic xf U, 2bM33r & [ i TH D 5 D KIS
(SR)AY, Table 3D FHPIC /RS K 51T, [A Kk D il 1
TER R K DK IS 7 0 & A O i (Earsi=9.7 keal mol ")
L, 7% (R)-DAK(—56.2 kcalmol ) &5 % 7=

AFE bl 3s & 3r OFEFEMEACAEFH OMGE 27T

4 fERE

1. (1 + 2)3DIERZ UTAFMEATMIGIE, PM7IC X
% (2)(2 step) & Figure | DR I)VF—R A XY T T L,
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Table 3
1c-3r with 2b

Interactions 1¢-3s and the reactions with 2b, and

Interaction Reaction : (1¢ +2b)3s  (kcalmol') Exp. Datc

le=3s  Type" RCI TS Earsi  RC2  Earsopa DA Chirality Chiral.

-13.6 SL* -32.5 -228 9.7 -41 32 §:-56.2 S [la]
Interaction Reaction : (1¢ + 2b)/3r

le=3r RCI TS EaTsl RC2 Ea'rszl)/\ DA

-13.6 SR -32.5 -22.8 9.7 -41 3.2 R:-56.3

“Type: SL means 2b addition to same and left side for 1¢*3s

325 3s ) S Ss62

-1
(keal mol™)  Ea=9.7 (keal mol'')
RC1 Ry, =351 (A) TSI Ryepp=2.13 (S)-DA Ry, = 1.56,1.57

Figure 6. PM7 simulation of (1¢ + 2b) / 3s catalytic reaction.

ZTOYIal—ya EETHREINS.

2. KIS TR IDIIIN 1D T/ — )L & DikE
FEAICK B8R 132 L, 2 & DRIGTIEVAER
75 R BEER 1-3-2(RC1) Z2#% 5. FDKRTS TIZ3D A
FANME I ARIDT A LT, FORDI X
IWF—IMELRD, KIGEHE S AFERENEC S .

3. IKIGOIERMED DA/MC, Endo/Exo, N " TF > FFIX
ARG 2 FHETHEE LTz, KGR 3 E O
ic&%.

4. FIERE O U2 PMTDIRC TD, Tx)bF—L2E
BERIETRIELNG. ZOHEGHHETOMNTIZ,
{L2EOGEE P EF G S TOEHAM IR E NS .

HEF

JER B R HEEA R AR EERICIE, AR T
ZLDTHRPARX Y FeIHW . EHHRL LTS .
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