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Quantum Chemistry Study on the Reduction of Prechiral Ketone by
Sodium Borohydride
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(* Department of Chemistry, Zhejiang University, Hangzhou 310027)
(° College of Pharmaceutical Sciences, Zhejiang University of Technology, Hangzhou 310014)

Abstract The asymmetric reduction mechanism of p-methylcyclohexanone by sodium borohydride was
investigated with ab initio calculations. Four-member ring and six-member ring mechanisms have been
studied, both of which have three reaction paths with the main path through two-step transition state. The
study shows that though four-member ring transition state mechanism without solvent participation could
explain the reduction of p-methylcyclohexanone reasonably, the calculated ratio of enantiomers could not
match the experimental result. The further study of the six-member ring mechanism with the participation of
iso-propanol demonstrates that the calculated ratio of enantiomers agrees with the experimental results es-
sentially. All above results show that the reaction experiences the six-member ring transition state with
two-step path.
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R—CO—R? Represents p-methyl-cyclohexanone
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Table 1 Total energy, activation energy, reaction rate constant
and frequency of four-member ring and six-member ring transi-
tion state

TCIARE A B AR THILAE. N AR H AL

Glhartree AG/(kJmol ) kis?t vfem ™t
BH, —27.1014 1086.8
1 —347.1937 84.6
BH; —26.4570 135.4
H  —0.4490 513.0988 0.0
TS1  —374.2443  133.2573 2.794E—11 —530.9

TS2  —374.2448  132.0994 4458E—11 —5184
2 —374.3296  —223.9341 63.1

3 —374.3304  —224.8583 70.1
PrOH —193.2506 2185
TS3  —567.5267  49.7401 11986.33 —230.1
TS4A  —567.5283  45.6995 61180.91 —229.7
4 —348.3756  —132.8004 109.3

5 —348.3745  —133.9241 121.2

6 —219.2032 81.9

hn(paths 2, 3); 74 H’E‘Jiﬂﬂb&‘ci;ﬁ(pamhs 4,5, 3).
HT M BH, i A B R 2R m e E, =2
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Table2 Partial bond length (nm) and bond angels (°)*

B(21)—H(23) C(6)—H(23) C(6)—O(7) B(21)—O(7) O(7)-C(6)-H(23) C(6)-H(23)-O(7)-B(21)

H(24)-B(21)-H(22)-H(25)

1 0.1249
BH, 0.1243
TS1 0.2098 0.1141 0.1402 0.2984
TS2 0.2091 0.1136 0.1406 0.2963
0.3860
TS3 0.2190 0.1122 0.1428 0.3061%
TSA 0.2173 0.1118 0.1431 ggggga
2 0.2679 0.1110 0.1440 0.1560
3 0.2705 0.1107 0.1443 0.1558
4 0.1100 0.1489
5 0.1101 0.1494

1125 17.0 164.2
11238 156.8 164.1
100.5 —1783 166.4
100.5 —179.0 166.5
109.8 239 120.8
109.8 —1416 120.9

2Bond length of B(21)—0O(28).

A, MIMTER 4 R—O—BH;3 B 1. M i KAy
PERT AN, b I 2 TSR TS2 (1 ) LAa] 4 74 iz 32 AN ) 1 2
R PY o A
212 HESMN

MR LAEH, DT IEAE b )  TSL R
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(TR R R e R MV R T B Gl -0 N =T 0
513.0988 kJImol, it K TP mienfe . K, i&Jm
A el =PI AR IR T, AR AR,

k=kgTKZ/h
=kgT/h(c®)" " exp(—A? G (c®)/RT)
=1.3807 X10 % X 298.15/(6.6262X 10~ %) X
exp[— A7 Gy X1000/(8.314 X 298.15)]
=6.21X10" X exp(— A} Gy X 0.4034)

AT S VIR AR IR RN R 2 P A TSL S W 3
KEHOE 2.794X 10 s, Ll A TS2 1 S Vs &
HUE 4458 X 10 ™ st LIRSS, RNHER 2
R4 A= B = e, B nogse & n ze=38.5 © 61.5.
Wigfield 253UF] HI 36 6 B 1 50 F S ER CUidiE
JR I 08 Jrod 2, SR AT 215 31 [ s A S 40 (A,
AS, AG), F MR FE AR S SEAR 7 2 (1) 5 10 ¢ F G s
TR R ) 5P SO A, AT 314 ) AR
BRSPS EL, A9 SN e 42 32 BE2H 2 i, T
I B RS FE . BT B 6] R B L S P
5 A N - nre=11: 89 (0 C), 13 : 87
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PUBE P A3 45 Rl 22 0, R W DY So LI ANIE & d R
Xof FR L BR U R JR DI R XA AT 2% B e A A7AE A 1)

SN IR, BEMNERIS b A s R o Rl R, Jf S b
WS EA . Rk, BATHE— 2B T S J0H R
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8). KT VUICFILER, — BRI =5 i AR AR M AT
DAL S AT T 2 A 5 28 T e L.
221 “MoH
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nm), RUMABEE R, £iTEA TS3, TS4
ZH(23)-C(6)-O(7)43 23 109.5°, 109.5°, C(6)—H(23)#
K350 01122, 0.1118 nm, X EEHRE B BRILRR G 1K
" 5p® 2. C(6)—O(7) /1 TS3FI TSA Hh 4351 2k 0.1428,
0.1431 nm( Yl 1 ik C—O Bl 0.1249 nm,
PN O 0.1490 nm), AT RIREYE A AL B K B T
EEA B, Wk 3 PR, BEBSEER A H(23)7E
BH, H A H A A B Hifif (— 0.0644€), {HAE TS3, TS4 LU
K7 ) 4, 5 (0.2098, 0.2196, 0.3941, 0.4535€) H #i15 1 F,
i, RUNZEAE N RS B T SRR )R b iR
H(23)4F, BHy T4 BH3 KI5 B 48 %) & TS3:
—0.1918e, TS4: —0.1702e. A J v i F2 A i &R
R 53 (1 7 R Aar e B 21 T b, A 7 Ry 4 FE A S
NIRRT SE R, T B 5T ) R A R A S N I R e ks>
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3 #% Mulliken H 2
Table3 Partial Mulliken charge®
B(21) H(22) H(23) H(24) H(25) Sumi Sum C(6) o(7)
1 0.0449 —0.5173
BH;  —0.7424 —00644 —00644 —0.0644 —0.0644 —09356 —1.0000
TSI  —0.2090 —0.0196 0.1595 00286  —0.0048 —0.2048 —0.0453 0.3106 —0.6584
TS2  —0.1854  —0.0197 0.1623  —0.0012 0.0267 —0.1795 —0.0172 1.3624 —0.7260
TS3  —0.1688 0.0158 0.2098  —0.0244 0.0257  —0.1517 0.0581 0.2510 —0.5523
T4  —0.1423 0.0095 02106  —0.0197 0.0271  —0.1255 0.0851 1.3313 —0.6025
2 —04759  —0.0401 0.1691 00149  —0.0232 —05243 —0.3552 —0.9564 —0.0706
3 —0.7643  —0.0926 02575  —0.0280 —0.0380 —0.9230 —0.6655 0.0002 —0.0831
4 0.3941 0.0899 —0.5489
5 0.4535 —0.3094 —0.4745
6 —0.3579  —0.0804 02364  —0.0732 —0.088  —0.6001 —0.3637

& Sum 1 means the total charges of B(21), H(22), H(24), H(25), and sum means the total charges of B(21), H(22), H(23), H(24) and H(25).

TS3 HI TS4, B(21)—O(7) %3 74 0.386 A1 0.390 nm, & W]
B(21) 5 O7)&AEHM v ReE; B(21)—0O(28) 43 il /&
0.3061, 0.3054 nm, i1 BHg /& 15 A % (1 420 A 4 %
FETSIFI TSAH, O(7)—H(37) %> 1) )2 0.125 F10.1269 nm;
O(28)—H(37) 4l /& 0.1212 1 0.119 nm. LA X 463 B
VAVIEZN IR ST e niii

222 HeESH

W LR, NTCHHLEE L i TS3, TSA Gk g
43l 49.7401 A1 45,6995 kdI/mol, A% T = i L%
1%(513.0988 kJmol), A& T VY 7o Bh e AL EE 1) g 1=
KAy 0k 11986 15 61180 s 1, s EARIE, K&
IR 22 LRI A A = P B, B e © N =16.4
83.2.

MR LRI H 7S JO R I A B DY TG BRI A 1 I
NS BEIRIR 225 10 H I A B T 545 B =)
IREREYAIvEZ SUR/: FOSC N Eul i n i R (1 A VP s A S
A RERIHLE L NG HLER, f ok nT 53 N B A 1A i
RN VE &2 5 N, TR RS U IR, FEAIC R
NGAGRE, JEERIE RN, 6T AL, Ll £
A ARG R, BRAT TR EAT T o5

M A N BT V5, I equatorial T i A
IVHALAE K 49.7453 kImol, 5 57 A EAR S N st ()3
L% 49.7401 kImol 1RHEEUT, 1% 3 W 5 45 AHAL F) o 371 0t
S FE M AN K.

XTI A IR JsUns R IR LI ) SN DR, 480
TS E PR R B8 (DIRTT T DU ICH RN JeH
PLEE, JCrp R RrpLee A = fhigde, EE@e gy
BRI [ W IR A2 ()P0 TSR IRC 2 Mk Wl ixid

PERS R N5 = P A ()3 B dok P A i
55 (2l 1) RSP AR T 1) O L7 A e I S TR 9 A R
AHAR], AR A FI T T NV R R, T
AR T RN =P AL K. (4) TCH 2 5 N )
VUTCIR I P AS ML BN AR L8 S AR, RTHE S
FRIRT AR 1 55 SR ZE 80K T B~ P ¥ 5] S TR
Z 5 (075 TR b I S WU ) 5 45 R SRR s B ()
HRhr, A C(6)-O(7)-H(37)-C(28)-B(21)-
H(24)H4 B 7S TOIR 2 K. 3R WZ s . 32 BE 48 T 7S J6 HR
AP N TR
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