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Progress of the theoretical research on absolute configuration
assignment for chiral medicines

ZHU Huajie

(School of Chemical and Pharmaceutical Engineering, Hebei University of Science and Technology, Shijiazhuang. Hebei
050018, China)

Abstract: It is very important to assign a stereogenic center in study of the chiral medicines. With the development of
calculation methods and software, it is possible to use different theoretical methods to assign the absolute configuration of
chiral compounds. Now, the methods are used for different calculation, such as specific optical rotation, optical rotatory
dispersion, determinant in matrix of chiral compound, electronic circular dichroism and vibrational circular dichroism. The
stereogenic centers can be determined by comparing the theoretical values with the experimental data. Until now, it has
become a popular way by using two or more theoretical methods in absolute configuration determination. On the other hand, it

is a key and popular method to use a simplified model to replace a complex chiral compound in various calculations. This review
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analyzed the fundamental science and introduced a new concept of “conformer pair” for the first time.

Keywords: organic chemistry; natural product organic chemistry; physical organic chemistry; absolute configuration; opti-

cal rotation; matrix; conformer pair; electronic circular dichroism; vibrational circular dichroism
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[a], (CHCL): +11.7 +11 +13.2 +9.7
A1 FHizeiysmRtitd
Fig.1 Chemical structures and optical rotation values of chiral alcohols
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Fig.2 Three conformations of n-butane and the ethyl conformation analysis in conformations 5c and 5d

[FIRE  EFE 2-CLT R, AEFE S Sc F1 5d XIS 6c Fl 6d, Hoh Z MM e 23 o] L2 5e 4
SRR R (WL 3) . TR F A (B3LYP/6-31G(d) //B3LYP/6-31G(d)) . & A4 6a Y fit A,
3% 6c 5 6d HRE &2 5 0.838 H1 0.506 keal/mol, — F I HEGAE 43 5 +24.36 F1—17.90, J# i Boltz-
mann 4811 M5 6c Fil 6d M HEGEICH — 1.7, X & — MR/ BTk, XTHEE Tk Kk A Rfa g
6a, HOTHAH N —48.26, X B, M4 6c Al 6d BFRZ IR XT . TEXA 3 F . RAFATE— X4t @it Boltz-
mann GE B G L FBA G OR B8 — 30 A G0 B HECAE (— 1.7) XF 430 BE Y6 A TR AAL 5 5% 22 47, X
OR ) FETTHRIA S AR E S 6a. 45T 55 A B S KO8 BT 44 2 % B i B AR PR . (R, TS 4 g2 %t
/b, 3 SR G2 6F 1 e VG (B 7 248 Boltzmann Gei 15 95 A #4 52 X5F 1) 45 Jie (B 6 i 6 i) sk A K,

OOy

. ) 1 cl H
SR el
6d

6a 6b 6c
AE (kcal/mol) 0.000 0.838 0.506 LG
Fraction 1.000 0.242 0.425 Sof A
[a], —-48.26 +24.36 -17.90
Fraction of [a],, —48.26 +5.9 -7.6
\_V_/
Net -48.26 -1.7

B3 (R)-6 49# 547 53t 43 2] 09 B A4 G 69 48 2 4 2 VA Ak AR L 4 A oA
Fig.3 Conformational analysis of (R)-6 and the calculated relative energies,optical rotation values and

net optical rotation values of each conformation
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RAFTEARSERE BRI 0E , MLSR 23l R R 22 . (RRE S A R X FR BRI 2 THEE A 3 OR (IR 22 HUBOR .

St F AT TS HPF I X T ) TR /N o1 SR L REFR B B AT BRI 5 5 SR, 24 00 185 O 52 2% k3
HEAT B A HCACTE I DU AR X 4 2 B A7 i AR AR B R AR 4 X bl ok TR 250 LA iR T B 1 (S)-4
B AR S BIA R A2 BT 92 A KIS 0 FEHEAT B, A 2 A0 1] 40 R B B A A

a) ArHLE by L

T 60 B P P S A0 X
B4 A MMFF9AS 7 % B e 238 92 A A KL S B (B C2 4 C3 RT & Apn)tH
Fig.4 All 92 conformations searched by the MMFF94S force field and their overlay images (C2 and C3 atom fixed)!'"

H 4 AT AT, JC e e B P IAT DU P 3 S R 40 P AT A7 A — i 119 sl X e T AT 8 3 A7 5 70 0 A A BRI
g, SCBR b B REFR B R LA G AE R R O 2 T A B R TR B2 A ORI G AHER
X3 T ' BT HIR R R R G R B B A D B A A O R R DA T DR R HE 2 2 R R i 45 A 1 R I
JLP-58 4 —RE UL 574 o 33 DAY TR 3 HY — 4 i A 45 BB 66 o @ D' 9 Tk TR S 9 G 0 B A7 7, HE B Y
A G368 368 TE S Y T R AR » A B (IR R A G A R B Y R R STk . X R T I AR
THBN S5 5 R0 PR AR v /N Al > AR B P 58 A AN TR T 0 — 2D T DORE 7 bR 5 i A S Y B
WER SR T AR a R — 2.

End

- — W iming
OH

Sight through the middle
of n-pentyl group

Ethyl H, C atoms over-lapped
n-pentyl end view

B5 RALHTLEARS)-42MAGMAE
Fig.5 Side view of the most stable ethyl conformation and (S)-4 structures

ghA I A v (B e S TS A G X LA BT 5 b A A T 25 4 BT AR H L R BE B DT X E Y Y B ik
5 R AR AR 0 22 AN . BRI E B TR v TR A ik T A e i T AR AT s T B T
VEf . X BRSO — IR 22 AR AE o — i, B A A K 8133, rTRE &t Tl th i 4
PAREN 1 WA 0 R S, AR R T e 25 . D SL PR L 45, 7E TR 25 Fe i I 2 0F T o 0 7 J % T A AR
R Ml /D B B ) R A R B R AR AR S T K. IR 1 P TR A A T ) B
1.2.3  JEEEHB(ORD)

B AS TR I KR 0 A5 8 e S (R 0% KAE L #5 8) ORD, &8 il K4 633,589,546,436 Al 365 nm,
PRI, LR 5 30 AH DG R 9 OR A I8 A 22 19 OR A 5 X5 7 ) i K AE &1, B AT 45 2] ORD.  H #iF
fli 1 OR Hl ORD #4746 % #4 8 %5 i ] F 8 H AR £ .

1.2.4  ffif] OR,matrix Fl ORD % 5& 524

TEFE 5 F a5 pE g bl A5 B 50 1 W BEDGIE R 280G G0 T BB RE R 5 SE IR 45 R W) & . 7R bR
TR WIS 09 OR THE S5 R 5 SE PR gl th i gz 3k . Bl an . X F — > M EE - SR 2 &4 70010
K 6) EMH FH B3LYP/6-31+G(d.p)//B3LYP/6-31+G(dD L AT G , SCl 45 R 5 BE HH B A — 5, |
SEBGAE R +57.4(c,0.005 5, MeOH) » £ HL.25 55 (XFRZ R KA PR OR(E)2+74.3, — H IR
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6a 6 MeO,C N / | CO:Et

Y7 12 H i-Pr/Sll\i-Pr

1-Pr
7 (5R,11R)-8 9 10

B6 et 7—10 6 KhEH
Fig.6 Stereochemistry of compounds 7—10

H s e AT UL AR IR TH L B B0 OR J& +66.27%, 55080 fH +57.4 B E2r. WIME M (SR, 11R)-8 7£ B3LYP/
6-311++G(2d,2p)//B3LYP/6-31G(dD) 4 FIFEAF RN OR {H K — 319, JEH #5800 (—30D

T 50 b e RS2t CoHL O N TR AL, HRTEAR ST 25 b & A HAb TR, & F
TLEN TS, Lhr b oK AMENICR . LTS RO EAEE ST ES2, sl ka5
A 10 6)1 43 51A S.Si UK Br 57, H OR (E#FAEM i H 3 0 sk b 47358 . A AN AE R BEREAL &
Y19 S51LE Y 10 o IR AFAE S Sh— AR RIGE R ISl & WA > S=O [ TF-PEL5H X B Tkt BEAR b A5 21 %

HH T T 19 OR IF 5 S50 (8 e 8Ok 6 T 4 7 1 4 x4 2L 1) 1) 7 38 AR 2, [ B R 74 0 7
() OR 534> F 14> F RO g Xt A A5 2] 7 4iE . Bl kA9 11 2 KRR =Y (L DM B R H R E
(10 37 A b T 3 it 5 B EE AL A W 12 19 OR (EBEAT X LR B a2 i 02

OMe

11, Bezopyrenomycin 12, Rubiginone A,
[a],+38 in CHCI, [a],+50 in CHCI,

B 7 XAFHWAEM Bezopyrenomycin ## Rubiginone A, & £ £ & 47 + ¢ OR 14

Fig.7 Natural chiral compounds Bezopyrenomycin and Rubiginone A, and their OR values in chloroform

FIH OR BIFF5 K LB 2 S5 28 Ak A P i 4 44 0 AR Z ks BB 2 IE# 1 . 23X A6 F b th T2
B A A L Rl M A T W OR A (A 11 8 +38. 4k A9 12 S +50) , ik Bk &
P11y C2 A1 C3 A 2 % #4 B B 32 R (2R ,3S) o AR R FEAR B Y OR (B 5 55 50 (8 F 47 X% o B (AL
21D BRI SALEY 11 LSRRl (2R L3S B HLBE Y R — 12~ — 86 (Hrh HAT — A~ +9.5, % it
BB AR, S B3LYP/6-311+4+G(2d,p) //B3LYP/6-31G(d)) . HI, () -1 % 11 By 46 %) 44 7 3%
& (2S,3R), MiAZE (2R ,3S) .

A1 8Am A A5 AR 6 (2R.35)-e % 11 5(2R.3S)-tbb4 12 45 OR A7
Tab.l1 OR values of (2R ,3S)-compound 11 and (2R ,3S)-compound 12 obtained by eight theoretical methods*!

mH (2R ,3S)-Rubiginone A: (2R ,3S)-Benzopyrenomycin
Lapexp +50 +38

Method 1* +48.7/447.71/+87.2¢ —50.4/—16.2"/49.5¢
Method 2" +18.7 —44.1

Method 3¢ +33.4/+72.61/4+104.7¢ —27.8/—26.81/—28.4¢
Method 4° +34.1 —40.5

Method 5¢ +32.4 —28.9

Method 6 +2.12 —86.1

Method 7¢ +38.4/+61.4F/+87.8¢2 —49.2/—28.61/—14.0¢
Method 8" +13.5 —12.2

7 :a—B3LYP/6-311++G(2d, p)//B3LYP/6-31G (d) , total electronic energetics are used in OR computations; b—Single point energy at the
B3LYP/aug-cc-pVDZ level in chloroform via PCM model was used in OR computations; c—B3LYP/6-311+ + G (2d, p)//B3LYP/6-31 + G (d, p);
d—B3LYP/6-311++G(2d,p)//PCM(CHCl;)/ B3LYP/6-311 + G(d);e—B3LYP/6-311+ +G(2d,p)// B3LYP/6-311+ +G(2d,p); |

Vibration corrections are performed in OR computations;g—Free energy data were used in OR computations,
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FEAE M X T RIS L i TSR AR T S5 A AR AL, R L A (B T R Bl
THULAS R E Y ENTRY ko (B ILF-AB 2 3 B3 209 X s i F o rp o4 s b &
(A TRULE By Sy () BSE S FF A P B4 31 804 TR0 5 ST o e T8 — 50, a3 X6 T 28 8 T 1 s 76 K BE 1 40 A0 446 X g 7Y
BERMH . %Ik C 2P IR [/ TP 28 1k 43 B 4 X Al T AF 3 e oo i T = Gk T 4
Tk (R RO T P A AL 5 SEBR AR B, i K 85 FPE 20 17CORIE 8) 43R AL R L 3150 &,
S +0.45, L HAG R S,

A2 BFAFHREGHIEMA(det(D)) B3 A 22 R A
Tab.2 Eigenvalues (det(D)) of typical chiral alcohols and their optical rotation and coefficient £, values
Cpd No. Structure Exp.La D det(D) ko
H OH
—45.6
13 Et —32.16 1.42
(CHCl3)
H OH
. 7 —17.9 18.96
4 —18.9 0.94
\\ Et (CHCly)
O
H/ OH _ 94
—5.94
15 X" Et —5.14 1.16
(CHCl3)
oH —45.2
H,,, (PhHD , 1.44,
16 n-Pr —31.41
—48.6 1.55
(CHCl3)

WA OR #@ F MR 1 B 78R 2, 3 H
A LS 3 X B A 4 A R B 2 6

AHXF T 28— 3% K F A9 OR i, ORD REIRHETE £ 11
P AN [ 1) 285 ) X AN T) ) 8 B0 IR R AN —
BRI K R B9 OR {5 BE & A [6] 43 7 (1 45
FRetE . Blan . k& ¥ 18 (Jonquailine) 1 C8 4 X} #4

fHE.

RIPE R 2 N (RO i )& 3 F H ORD ik, % ORD

J: 78 B3LYP/aug-cc-pVDZ//B3LYP/TZVP 5 4l &

PFRIFREARN . AR 6S)-18 555 A 1R

KX H], 1 (8R)-18 5 5- 56 W MR #&3r (WLIE 9).,

A9 18 19 OR 7 B rp FU7E S0 B R (R

FIXF OR B B

OMe

18, Jonquailine

=+9.75

0
0.44

Recorded OR [a], =4.4 (CHCL,), thus, k= 0.45.

B8 b 17 EMARE det(D)E

Fig.8 Structure of compound 17 and its det(D) value

(2R,75,205,21S)

12007
(85)-18
10004
800 (SR).ﬁ;"--..___
T 6001 &
400 s M S
200} InMeOD — \"TSmmme
In'CHCI, s
0 I I 1 1 " 1
380 420 460 500 540 580 620
K /mm

19, Schizozygine

WLk W R R ag A EURE— (8S)-18; B Ak — (8R)-18
Wa 18 692 ORD # At ey ki (EAMAEHT)

A9

Experimental ORD spectra and calculated spectra of compound 18 (in the gas phase)

Fig.9

HAh AR £ 43 712527, 4 Schizozygine (fb-& 4 19, WK 9) ] 7E B3LYP/aug-cc-pVDZ//B3PW91/TZ2P

ST HEEF] ORD, T #f & H 48 xF ) 8k (2R ,7S,20S ,21S)H

H ORD K% ,
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2 BFRE-®EERENA

L 8 — 83 (ECD) X FR B — 38 (CD) , How I 22 i f B% 25 206 (UV) 547 Bl w8 UV e o T
PR 5B IR 25 5 (Ae) . B
Ne =¢| —eg o (6)
PRI IR ANAE EH TS B0 5 R 25 5 1Y), FAE I b 22 5 0 % A0 S 1) T e FL IR E R

Ae(u)du )
v

R (e o = 2.296 X 10 JJ <)

R AN S 107" erg-esu-cm/Gauss, AL 4T H 94 @ H] (chromophore) B A 2Nk &S AE L X
FEERANEEESHRA G BA T (O EE (OGS, I HE2: %A R (Harada-Nakanishi 778 ¥ %
55 I,

Ae(U)ZAemxexp{— (UUIJ“} s (8)

o

FHRENNR B 5 R

Ri i - :
Ae(v,) = v exp[ (U Ul) } . €))
2.296 X 107 J/no o

X R ERIE R (CD) o s bn i 25, HE SORZE R R 1/ e B9 905 A 58 4255 T2
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