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M, A 1.0 mol B, [IVE 2 h. ZEVKIAE TN AT Na,CO, 7KV W 2K )2 Wk, Mg )2 K Uk %
(10 mL x3), FHJEK Na,SO, T, &bk, 2818, 3= WlE, T35 K 90% .
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70 ~ 160 CHYFEIEMA TR HEEE. 2 h S5/ 3 mol/L HCL 7E VKA A1 R & UL . £ 431 HCL FH A A
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Na,CO, /KRR VWA JOK Na,SO, T4, &, JEHA HPLC K. 585 5 bR R Hd, AT LA
15 20K SN BRI E 43 .

1.2.3 Fz#mml e ERIEEET A 2.0 mmol B§, 10 mL Jo/K =2 B H . 76 mg, 2.0
mmol NaBH, f10.5 mL HZE. KRS W ININE] 40 «C, i NaBH, 52V E. RMYERIEF FT
70 ~ 160 °C YIRS P FE. RS — B RIBUE 1 mL SOV, 3 mol/L HC FEVKIR R EI T 281k
L. ZA0HY HCL AT Na, CO, ZKIEW AL I RHITEK Na,SO, T4, 5338, UEWH] HPLC 4. @i
AR AR g, v LIS 2R BN R Y 43 E.

1.2.4 BERELRER L FRER FEREFEBAIRA NaBH, (288 mg, 7.8 mmol) FlfE 2 (1180 mg,
7.87 mmol) INE|E 122, 7E202650 Pa BRI T, T 176 CHYIEEME HHiHE. 3 h /5 3 mol/L
HCl 7EVKIR TP &AL . TR CERAEHL, AU KBRS (10 mL x3), FJE/K Na,S0, T4, Ik
W2 IR OHE, AR EMSEIR SN IHE 2 (1078 mg, ¥R 8% ). fiE 3 HER/E 5T 2 A,
HAAL BRI T /NT 5% .

2 ZR5itE

2.1 RBBRMNEERNE
TERH — B WP 3E4T NaBH, IS JRESHY S, LR JR T 12 NG (H 258 W Scheme 1), 2
N 2 h J5 FH HPLC R S W R, AR A ZE, 25050 T3 1. 1 nT L, & RREEUCIEES i 4h

| \
R,AOCH2P11 R,/kOCH_g
1. R, =—H; 2. R, =—CH,; 3. R, =—CH,CH;; 4. R, =—CH,CH,CH,; 5. R, =—CH(CH,),; 6. R, = CH,CH,CH,CH,;
7. R, =—CH,CH(CH,),; 8. R, =—CH (CH; );; 9. R, =—H™J;, 10. R, =—CH,; 11. R, =—CH,CH,; 12. R, =

—CH,CH,CH, ; 13. R, =—CH,CH, CH,CH,.
Scheme 1 Structures of the esters

Table 1 Experimental reduction on-set temperatures for thirteen esters *

Compd. Lonsa” C Compd. Lonsa/ C Compd. tonsea” C Compd. Lnsen” C Compd. Lonsa” C
1 =27 4 61 7 76 10 74 13 64
2 67 5 60 8 85 11 79
3 57 6 75 9 -17 12 69

* Reactions for determining the initial appearance( <5% yield) were run in diglyme for 2 h for esters. Conversions were determined by
HPLC using toluene as the internal standard. The temperature required for the first appearance of alcohol ( on-set temperature) was employed ;

data of ester 9 was quoted from our previous report.
IOt RE AT I S AR 22 ), R e S IOl AR B S B 6 P — 3, X U] NaBH, X X SE R ) i Ji A7 e .
NIRRT 3 A LG S VIR S 57 °C, TR IR 6 HOAZ R RO itk o 75 °C., 33k 19 g A A2 4y B 1o Tk
18 22 501 B U EE RO OZ R PR 1Y, (7 BEBOR S BB R ME. S8 v, TR 4. S IR I 7 ARy
SRR 8 ULz BB e O, Hol i S B B g s, 23 %l 61, 76 I 85 C.
FRRE TR 1 AR LG RO R TR R 294K 80 °C, X MILARGAF RN A Z5iE—50%" . Bl b 1)

WK, ZRCERS 2, RERE 3, I TSR 4 51 sl
TE TS 6, A S IR f 2 I 1. % LN

R =Et i (NIRNHR) , 5 il 4k B B I s (5 3

l'\‘n-scu'r'r:-

). R R A SN R SR A B, B 60}
EWREERIIE I, N ZBRHE 10 BIE T MR K 13, S0F

7 R = Ex I [ RE 1 LR IE 28 6% 07 50 (S 60 von
( Fﬁ@f\iqa @IEIQ) . EIEI@E/%@J E‘J@ﬁﬁ‘fiﬂjﬁ%fﬁ E/‘Jﬁ’ﬂﬁ/f\{% Substituents of ester

KRR AR 4B 5., 13X 0] E2 T Y LR H S 3k Fig.1 Change tendency of on-set temperatures
AN, I TRIE AR, TPIE B K in benzyl(a) and methyl esters(b)
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X, TR 6 (R FEIE IR T I 13 5 11 C.

TERTFEAN ] BRI XS T e AR 0T B S P A I e B 2 52 M B (A Me 3] n-Bu) & B, 41
FHEARALT AU IEHS R 2T, 43 A3 R BRI S BRIP4 1 Fe i e. e (H1). BRERIA SN AL N
BN e A AN ], AE ORI PR SR, A 5 e S22 30— 35 28 Ak, BROPRE T B 7 149 5% Wi AN 5 4 Bk T
HARTR RN, Y EBUCTEARFRARL /NI, X6 5 1 AR 5% 1) ] 6 R HRCFG At 1 55 H AT 0%, 0 X e B A £k
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kit =In(a —x) + Constant (1)

k,t =1/(a —x) + Constant (2)
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Fig.2 Plot of reciprocal conversions against time for esters reduction with sodium borohydride in diglyme
a is ester’s original concentration(0.2 mol/L) ; «x is ester’s concentration after ¢; ¢;,, is half-life period[ x =0. 1 mol/L,
1/(a-x) =10].

Table 2 Half-life period(¢,,,) of esters

Compd. tl/z/min T/ AE™® ( Exp. )/ AE’I‘#HF (Caled. )/ Cgmpd. z1/2/min _— AE*a ( Exp. )/ AETHE( Caled. )/

(kJ - mol~1) (kJ - mol 1) (kJ + mol 1) (kJ - mol 1)
1 6 15 45.1 80.6 8 80 84 95.3 —b
2 90 110 81.1 —b 9 — — — 86.9
3 85 110 80. 2 — 10 — — 76.9 117.0
4 108 110 84.4 — 11 — — 88.2 120. 8
5 96 110 83.1 — 12 — — 86.9 119.9
6 116 110 85.2 — 13 127 110 — 120. 8
7 — — 88.2 —

a. The activation energetics were calculated form the Arrhenius equation; b. TS structures were not found; c. the half-life time were not ob-

tained due to the low boiling points of the esters.
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2.3 RAEFELENTE

WIEBTEE AR AE™ =Rn(k, /k, ) (1/T, =1/T,) =, TR BTG ILRE, 450810 F 3% 2.
T SE g2, EIRR IR 13 TR LRI 19 8], Balrh R RSRBEIR WAL, ky JERNIREN T, i}
PRV BB A HHL, ke RSN EE R T, A5 21 A S 03 3 2

P JESCHR (38,39 1 M 7 [ HE/6-31G (d,p) 1IHEAR BULABREES A N AR &, FIH
PCM #£7UJ] B3LYP/6-31 + + G(d,p) J7 ikl 485 THF &8 R i9t AR R. 2481 B3LYP/6-31G(d,
p) BT E SRR IEA L. R B3LYP/6-31 + +G(d,p)//HF/6-31G(d,p) I iETH AR M
WERRERS T 2. THF &M M0 AR L 2 "B W ET A% 16.7 ~28.0 kJ/mol %,
ARSI A RRN], THEAF IR THE oot S e i L SE g5 2 195 33. 4 ~41. 8 kJ/mol.
2.4 RMHBEFINER

WA T R N A T B, T TR T EER R R 9 AR RN IR
JEAUN =17 °C, {HJ& NaBH, 5 R HEE 9 78 30 °C FHFEEUNGY, WA H Bk, fEla —0 —F
T HEHEEREN R, ZEREEE 2 FINERYEEE 3 5 NaBH, T 160 CIRAHHES h, WA M &4, THE
ZE 176 C, LIRFHE 2 HA 8% MEALR,; THRZE 218 °C, NERERE 3 {04 6. 8% MHALR, KWL

Scheme 2.
160 °C, 3 h
CH,COOCH,Ph(2) + NaBH, ————————PhCH,OH + CH,CH, OH
) No ester converted )
176 C, 3 h

Ester converted

CHyCOOCH, Ph(2) +NaBH, — PhCH, OH + CH,CH, OH
(d

160 or 200 °C, 3 h

No ester converted

218°C,3h

% Ester converted

CH,CH, COOCH,Ph(3) + NaBH, PhCH, OH + CH, CH, CH, OH

CHy CH, COOCH, Ph(3) + NaBH, -~ — PhCH, OH + CH, CH,CH, OH

Scheme 2 Esters 2 and 3 were reduced by sodium borohydride without solvent( isolated yields)
FIARSERLY] NaBH, TEBR BV MRIEAR 22, 1 0 R RS B v R A S0 6 28 7 vk 2
BE o PR AR AR, 2 SO AR FEAR R — R INE, W] LB AVR SR RO AN 2 %A, (HOR SRR ik
2 (EBA FERIBINE O N BUESLG BV i FE N RN 3 A R, XS AE T L TR T A AR T RS R
HR, 38 XA IR IR H RRE DTS .
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Chemoselective Reduction Model of Aliphatic Esters with
Sodium Borohydride

LU Xiao-Jie'”, JIANG Ju-Xing"?*, REN Jie', ZHU Hua-Jie'"
(1. Organic Synthesis and Natural Product Laboratory, State Key Laboratory of Phytochemisiry and
Plant Resources in West China,
Kunming Institute of Botany, Chinese Academy of Sciences, Kunming 650204, China;
2. Graduate School of the Chinese Academy of Sciences, Beijing 100039, China)

Abstract Sodium borohydride has been widely used in different organic reductions due to its moderate chemi-
cal activity. The reductions of ester with sodium borohydride could produce various alcohols as intermediates
for further reactions. The esters with different alkyl substituents are used as the models in sodium borohydride
reductions, and on-set temperatures, half-life periods and transition state(TS) energies were obtained experi-
mentally. Some of the TS energetics were computed using B3LYP/6-31 + + G (d,p)//HF/6-31G(d,p)
method. The differences of on-set temperatures among these esters were substantial and some observed selec-
tivities were obtained when the aliphatic substituents changed from Me, Et, n-Pr to n-Bu. Odd-even carbon
effect, which was first mentioned in our previous report in enantioselective additions of diethylzinc to benzalde-
hyde, was observed again in the reductions. Traditionally, organic theory uses the size of the substitutents to
explain the reaction TS energy order. However, the traditional theory can not be used to explain the observed
odd-even carbon effect. The reason for this effect happened in different reactions is still unknown. Further-
more, the effect of solvent in the reductions was investigated primarily.

Keywords Aliphatic esters; Chemoselective reduction; Transition state energy; Half-life period; Odd-even
carbon effect (Ed.: H, J, Z)



