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Abstract

Chinese Chemistry Olympiad is not only a bridge for students to know the frontier of chemistry
and its development, but one of the channels for students to enter great universities. This thesis
studied the examination questions about carboxylic acid and its ester in the preliminary and final
of the 14th to 33rd Chinese Chemistry Olympiad competitions. We sorted and analyzed them by
statistics and comparison methods. Statistics were made on the examination questions, number of
examination questions and their scores related to the knowledge points of carboxylic acid and its
ester in the preliminary and final competition questions. And the high-frequency examination points
for preliminary and final competition questions are summarized. Through the analysis of typical
examination questions, we found that the probability of involving this knowledge point in the finals
is lower than that in the preliminaries, but the difficulty is obviously increased. Further through
the analysis of typical test questions, analyze problem-solving skills in-depth. Then we selected
chloroquine, hydroxychloroquine and arbidol, which are used for treatment of COVID-19, designed
and compiled the Olympiad simulation questions. Lastly we proposed some competition teaching
strategies, hoping this study will be helpful to contestants and competition coaches.
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1. 51§

oh Ak 2 BAK DG 77 S5 S (fRIAR “ 4 B3R )M 1984 ETFUR267r, H AT C BN KA 22501 il
AT . T RRGEEN B SRR KA R RE RS — AN @R . o B2 BRI 5 35 58 57
NHIFERIRBE AN B IAT HR A2 0 RN 3l ey R A 22 R AR AR M S50 BB B s 5 Ui A R e
V@I Ya . RFGRE LR F A E AR A E, WRFERIAR TS, BHSGEMR. SERER
w2 AR SN i AL 2 T 3

I A CNKI 2535 58 22 45 SCRRBOR B, H BiA AT A= e 30 MW 7T, o SCRE = i K
AN NJUFEIX RN, B — SR 2RI R B e U 78, DL AR EAT N [1]s 2z hir i
S AU ) N A Pk ) LIE A0 SRS R SR PP AT 2 SO LIS L s 3 28 R A 2 — R
G338, XA I S R RN AT 4 SRR [2] . IR SEZERT I SR AN T I AT 1 S A
ADRILLH], 4Rt GENERITERE RIS IR i 2 [3]. MIHORSE[A] S X N T HAE AN B A HL
A ZE RS SR RN HLAL 22 SN T RR B 5 S 5%, 3 FLEA ORI L I DA R S5 5 A0 Wik = P i Iy s
R EE SN E R A2 TE 2638 0] R Rl T B R N, BRERI6]. sk ar e [71 B 78 T 2%
. BEEM e R, S ENTEEET BT . BT3RO R IR X L, 4k 2Bk 2 o
MR P2 iR IR S FE[8], 170 T A At SCE R K . AR ICN 2000 5~2019 44 [ B FRH) FE AN R 81k
S BRI e FLRR IR AT BB L, WX R IR e LR N R I Se 3R B B — e s R ER
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2. B RHEEEPENFRRERERPHN AR
2.1 BEFRESG T

WP, TR, BRI, BRI 14 (2000 42) 25 33 (2019 ) AT 4 E
FRVIFE B R FERE 39 B, ZATMIRLE, SRR T W R LA B A REENIVIZEE 8 Bk
[ 2004. 2007. 2008. 2011. 2012. 2013. 2016 F1 2017 4F), hFEAAH 8 (% H 2003, 2006. 2007.
2012, 2014. 2017. 2018 4EFl 2019 4F).

211 IBABPARESE
RIEIRENE) 8 BAHIFE, b SRR M HFs AT IR S8t 451 1 fis.

Table 1. Statistics on carboxylic acid and its ester in preliminary competition examination questions
F 1 ¥FEREPAXERR R AN RERITER

i RS &5 MBRHUE R EIGy 1744553 ti%
18 11 (1); 12 7.7 2 14 14
21 9(1) 3 1 3 3
22 10 (2, 3,4,5); 11 5,8 5 13 13
25 8(4); 9 (1) 2,3 2 5 5
26 9 (4); 10 33 2 6 6
27 7 3 1 3 3
30 8 (1) 2 1 2 2
31 9,10 (3) 4,2 2 6 6

M 1 aER, YIFEREd, FES el = e SRR KB 5, L5 e — A B EZ A
P 8 IR Mz R S REEOA B 16 18, B Jm v Sz iR A a8 S B LE 2~14 S Ja L,
E4EY H I 2%~14%.

212. RERFPERESE
KA SRS TR DT %, WREU 8 BERIEE— gt SR INE 2 k.

Table 2. Statistics on carboxylic acid and its ester in final competition examination questions

2. RFWNEHHXREBE N ARSI R

Jea %k s FE B S E SHE Hi A7) %
17 6;7 2;1 2 3 3
21 5(@3) 2 1 2 2
20 6 (1) 1 1 1 1
26 6(1,2) 3 2 3 3
28 10 (1) 2 1 2 2
31 8(1) 5 1 5 5
32 8(1,2) 2;2 2 4 4
33 8 2 1 2 2
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M 2 ATE Y, IR i SR R K LR AR S B e 11 3, SRR SRR N H O 1~2
A, BB BT 5%, PeFEal i X — &R s E B R D T FER
2.1.3. FIFHAARFEAABMEER

1 FFE 2 BoR, BRIRMILERFR S IEI SRR E . BAE 2. ATRERAE, SRR LR N
EEAR S, NAEE BRI, (HHAERR ST, A DA WIS .

22. EEERIH
SO HWIT, AR ARRUEIHT U A

221 MFREERSH

%1 R ERRES TGN, ARBATCSFR A, IR N s, 85, B sk, o
T TH R — AR E SE U P R LI o AR 2 bl i — R R A Rt B0 PR R e o DA
SRTR LR ) e AR B . Bk s RN 3.
Table 3. Knowledge points of carboxylic acid and its ester in preliminary competition examination questions
3. YIFEREPRBR L EARRIRSSH

AR R JEHU S RBHUE BRI I%

18 Jm 11 (1); 21 )@ 9 (1); 25 Jm 8 (4)

AR B 26 /it 9 (4); 26 /i 10; 30 /it 8 (1) 6 22.22
R % 18 i 12; 21 9 (1); 22 i 11; 27 @ 7 4 14.81
IR a-H 1L 18 Jii 12 1 3.70
R E A AR 22 Jm 10 (4) 1 3.70
FRIR I = R 22 J#i 10 (3, 5) 2 7.41
Pia b S 18 Jmi 12; 22 i 11; 27w 7 3 11.11

L= pay 21Jm 9 (1) 1 3.70
n— 22 @10 (2,3); 25 J&@ 8 (4); 25 /i 9 (1): 6 299

26 J 10; 30 Jai 8 (1)

R BEIR, WRERE AR SRR SN AR K, £ 27 @ L 6 Uk, MIRIEE]; SRR &
HOLRBOE R T 4 0, A0JE S5 s Bade & SO ANEEAL SN0 8 T8O H 5 KRR R TR IR E RE 44 7k
B AL A SRR a-H BSOS, M RAE T8 L, A28 RO T,

222. RERBERSH

PRI R TR S BRI AR s, WS 4.

FERFER T, SRR R SR ER IR SR, IR R MR N, FRERI %% Be b s 8 DA K g
i SIS BT K, IR R P A2 T P A S

2.2.3. YIFEFRIEAIE LB

M 3 MZE 4 MTLAEH, BRI R BRI RIS, PIFE KRR EAME 2. EANE NG
“CHLERINL FRERH & BRIEIE . BRI S LA K BedE & B ™, Hor “BiR R A “TRIVIE IR &
TR p . VIR 1 A A “BRIGKAR” UL “RRE R AR, RIR o-H MRS,
FEPRFEAE R AR, MR, WIFERE G &I BRI BRREE” , RS
“EriRkA .
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Table 4. Knowledge points of carboxylic acid and its ester in final competition examination questions
4 RFEREPRBE L EABRIRSSH

HIR A JEBU S BEE ST 1%
JI R Jse 17 5 6; 17 Jm 7; 20 JiE 6 (1) 3 20.00
FRIRH % 21 &5 (3); 28 )@ 10 (1) 2 13.33
i (17380 5 26 JE6(1,2); 31/m8(1); 33/E 8 4 26.67
g 0 P 31/m 8 (1) 1 6.67
g (= 31 J 8 (1) 1 6.67
G445 A IR 32 i 8(1,2) 2 13.33
[N 31 JH 8 (1); 32 Jm 8(1) 2 13.33

BARRYL, RS AN P EE T, AR h R R g, HIEL I
HEBOVEE, IR BN A, EORCR Z AW B 2% . 288, A7 2eulll, iR & LS
WRREPER, HEPE “EHRT A, RS E IR %5,

et 2P GO RVIE - 27 bR N S VPG

B 1 (55 26 Jem m [ 4k 2 B IL 52 38 38 (1138 il 10)

BRAURIRIE 2R BB R A Y. BGER F ISR &in t. &% A, B C. D, EM

F mgimmm.
PBr. NaCH(COOCH,CH
Y\/\/\OH 3 A ( 2 3)2 B
oo CgH1sBr i)KOH,H,0
3 iiyH;0*
HO CH,NH | 180"
- MNH, - _soch, o 80C
C1gH27NO; C1oH1802

CPPpr] B, =AML, A as i n TG BIESE s — P NORRAG 2R
JE N =R = AR TR S A KAERMAGEI NG B, B FEB PRI T Kl IR AL A5 2 — IR IR
B C; C IR RIG 2] i — N REERI 24 D, D KA NS =Y, a5 0 A Rk -

AN BRI H AR RUONBERIKME S B SONE FRIR A S A S LA . SO 2 1H R
NZH, RREIE A NAZAR R BORAT), HALEY) AL D M F A T AR, Al s A A
GIE-IE S\

B 2 (57 30 Je [ 4k 2 BUAR DL 5 58 38 (1] 38) il 8-1)

LR eSS R AL S A-F 25 R a3

HCHO A CHsl (id &) 5 NaOEt
o (CHa)oNH; CI- 0
M _coyet
NaOH
1)CH3Mgl . A . 1)NaOH
2)H,S0, 2)H*H,0
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CSEHT Y AR AT S 2 BB T HY P22 1 Robinson B3R 2 R4 B« R T, WT40 2. 218 2T

72 Michael B ({3 IR I B 57T, IBA Cl—E&A o f-NBMEEL5H, 112458 2181 Mannich %5 B
PRI T 9% S B R 5 45 4 72, RTRIE 55— 25 Mannich N & 2B (A7 B e 78 B B S U BB A0 1) o iz
2k, WL ABC M4H. HGE, B RRBR BRI RN 4 1. Robinson 434 D 2R84k
GY, HAETME A T K EROR IR . ARWEERIR E, XM E & IRER, ARG
=) Fo

TR I T R A K R AN R IR L AN 28 oo BRTEBR I PR BE i R AR AN TT K AR, A BRI X IR FR R
FREAEh, BRAGRIR: BRI o-ik)EF EA W B FEEE, MR AE G MR R, ik
REMEARYE LR JE R BT W LA B S 6 T R o Ak, 4 Michael B, BEKME. B-FRIEFR BRI R
K, BT B .

B 3 (5 31 Jimi v AL BEARIT o 35 38 (V78 ) 1l 8)

FEAPITE M SRR B & ORI R

Boc
e 1o,KI MeOH CH3CO0),0 DBU
@l 2 A B (CH3CO)y c

“coon NaHCOs F3CCOOH EtsN,-78C 851

(1)CH3(CH3)sMgBr,AICI5,-15°C
(2)H,0,H*

E + F (CygH3iNOy)

4 1
o "CeH13
E Hy G (1)DIBAL-H,0°C C Boc (COCIl),,bMSO H (EtO),POCH,CO,Et
PtO; (2)H0,H* N EtN3,-78°C NaH
_OH
Ha HCI iPr,NEt (1)LiAIH,
! TO2> J MeOH K(C15H29NO3) A L 2H:0" M(C14H27N)

N v
Boc- = 'BuO-CO-;  DBU = ng . DIBAL-H = 'Bu,AlH; DMSO = (CHy),SO
(R A HLE) N

8-1 it A& Rt AL 59 A~M AR S5

CVFHTY ABXEREROR, 55— St 42 B R XU S B T U AR 2 5 B AR 3, (ERR A1
It 2 R RFBORE P INEE SR N T, AR5 SHENE TR ZIPENEE, RPN
PR HI? B IR 0 5 I SLAR SR A R FERB AL, 1T W REMESE K MeOH-CF,COOH (TFA) R4
&, BERT UM Boc 7I(13 B2), AT LIZFRILERALIAF(1F BL), PIRMATRENEERAEAE: 5= DI LIRIT
- = LHE(ACO-TEAYALEY, BERT LR ST PR & 4 LBl C1, ] L2 5 Boc Ja Fr{S i
BAHAT CBACR B C2; ET DBU, BER LME N RMAIA LoRIIHER HI 7344 (Dlor D2), tHAJLAZFIL
BB OB EIE N a8, BEJE K ERRSE (D3 or D4)RE; Bl JE AR IRk, SR ARIELAE (A R A SN
] e 2 B8 A 2 AR B MR FRIE (1SRN R (19 AU « HEHLAE T G 5 DIBAL-H [ BE AR W) (R H 9 FR) IO 45144
PRI Eh S 85 A T DA I A% R 1) LA R RIS 2 FR) S R A L !

|
|+
Boc /N\* ( N, N
N~ . I5,KI Boc ~
@ = m Boc 2 _ Boc
"'COOH NaHCO,3 \\\ o
o) (o] o

COOH
| | 1 | A
MeOH N. NH  Ac,0 N N
e Boc or _ “Boc of “Ac
TFA o TEA
OH  coOMe o OAc COOMe =
B1 B2 c1 c2
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| 1
N N
DBU ~N<goc ~Nac N.goc N
’ Or o o
OAc COOMe 0 5 "o or L, or Others
D1 D2 o o (o]
D3 D4

AR TIURHRN F (R G5 46 A, HITIR RS2 5 Boc ATTE, 68 MeOH-TFA SEBS AL 7S odh i 4
BAE 4 DBU AN AT L e & A HUBR (I 70 51 S8 2~ R A AR A) T AR U HI AR AR R,
I Bl T B BRI 2 EOR, A B A OO SR I U T 10 458 D, 5P NaHCOs (11
MM EERIERBEENIE TS S RANEIE K. ERIERE THMAER T IECHE, &Y
n-CeH1sMgBr-AlCI; A A= T XUVEEFIIN A 1T E A2 G A AT C=C XU LR, 4 D 5% Kl
S NEE RS Fe AcO 17 B AR XU A BT R o0 T A5 2P b 402 H % Rkt oA B 05 AR 5
2, BT E, RN ER S BN LT EBER 5 FAPAVE W, T Pt 25 L
it DIBAI-H EFEL SR lRE, RIS 2R ™ . Sk, BRATAT LG i O K A 7400

1
Boc
| “Boc MeOH Boc (CH3CO)2O ’ﬁN\Boc
NaHCO F CCOOH -78
"“CcooH Na 3 3 OH COOM Et;N, " EGN,-78C

OAc COOMe
B (B1) c(c)
N
DBU _ /=X/ "BOC  (1)CHs(CH,)sMgBrAICl,,-15C Cla(CH)CHs N-Boc
85C 4 “Boc
OAc COOMe (2H,0.H* + | coome
D (DY) ECOOMe (;HZ(CH2)4CH3
an(CH2)4CH3 H CHy(CH,)4CHs CHy(CH,),CH;
Z “Boc 2 N Boc  (1)DIBAL-H,0°C N-Boc
PtO, o
COOMe COOMe (2)H,0,H

Hsz, M E HURM G SR8 2 H0E N4 SOV B LR, BB S 774k X1, Fl e
W E AT B R S . BN, #EENE H AR | & Wittig-Horner /B, AREEAERIIE H 2B, | 4K J
SEMEAINAL, R AT W A AE R H 2 Ak (Swern S1K) E A2 G AR XU IS R LA K G EEEEF'%EE%U?
AR K, 18I T FIW s 7E HCYF B JRR T Boc (k2 C4HoCO) b¥s ZBRIFEAL K 1 HIliK
AR M, R G AR WS O I R B A, A 2 BT RO RS, R I 2 K EPH’HEP%
B 5 R WG R A 501 N IR T R 1) FLoe P N R Rf L, i 5 s R 7] LA 318 S5 2R AR 0 M.

CH,(CH3)4CH3

CHa(CH2)aCHs CHo(CHy)4CH
“Boc (COCI),,DMSO N g (Et0),POCH,CO,Et Ha(CH)aCHs
S —— oc 2 T 2vEem “Boc
EtN3,-78°C NaH o,
FoOH yHo CH=CHCO,Et
I
CH,(CH,)4CHs CHy(CH,)4CH3 CHA(CHLCH CHACH.CH
N.g HCl ﬁ" PrNEt H2(CHz) 5 (1)LiAH, H2(CH2)iCHs
ocC ———> _c . o
MeOH A 4»(2)H =
CH,CH,CO,Et CH,CH,CO,Me 3
J K L M

ZN I EP/*&%E’JW% PRI ZUE TR AR IE SR AN A B SIZ EEAH IR IR IR A, R RO 4 T 5% 5
BRGSO 2 A AR AN EHE T A AL O S SR, (H R H e 5 He o mi 5, S0 1 IR R P2
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U — 0 30 I RS B T T O R A B AN TR B, R A TR e B B 3 8 B B R A i (AN a3 BB B
T R A0 P Sr FEHE S ) Je gk A7 1 i) s 5 MeOH-TFA. MeOH-HCI X 8675 WARF, i) & 237
MZMYER: BH LW KBEIEJFONRE . B A AL e DL K Wittig-Horner OV, e N RAIR %, 4808 AL 51
ZFEAEMMAL:, R 2PN

M1 2] 3 AHER H, RGN HE RIS SR 2, G MHERFIRAE S, i
BRBR2, MEREGEZ . XHiE R A e W A a0 S Sk A B SRR, BRI 2 B Re A 7 1 1)
RBEIERENE, R EAG AR AF S AR R

B 4 (5 31 Jm v FE L 2 BEAR DL 5 55 28 (W) 26 ) il 9)

1) 4 DT S 4 1 b (AR A 2 ) (A-E) SR T e TomR a8 R RIS E T3

C, 64.84%; H, 8.16%; N, 12.60%. L&Y B A&k,

O

HsC\N% EtONa,(COOEW), A LiH,HCHO 5
EtOH,258K,2h THF,293K,25min

C —_— D _— E

NaHCOs;,CH,Cl, [
293K, 20min

CiFhT Y A8 — AR R, HSnl R3S HnR S A BB S0, RAIAS L o5
Fi% 1k (COOE), 5 i Hi EtONa/EtOH W4 &, ik A G MB BIBR A28 X i SR RL 4G SR AN 2 I 1T A2 o
AN . B LTI R N LR AR, BEAR R BREE o-H SR BRI, AR UG S
I T SRR LR R AR PRER A &, SR - RIS A A

(O AN 3 /‘E\t?; (O o o
HaC\N\b@H -OEt HaC\N%\j 0~ OEt HaC\N%OEt
o)
A

3B LIHHCHO, F Sk 2085 LiH f21k HCHO B ES & M ;s A EHIEH 3 M. 14
I o-F, BARERBY S RN, SESMLEY B AEHE, Hg— N R: N ER
ARG N, ERBRESE NS TS5 A8 RN T i, BATATS B R N i

0O o 0 O 0 - 0
) ) O(\O) 0
HaC~y OEtﬂ»mc\N ONeOEL _ HCoy _HiC~y
H o) o H OEt (0]
79 o o
A H B

Zt, WHEAFARAE, S0 BIE [F 0] fE 2 B RE e X — 0 V. (HE =B ARMEME S iR
A 5958 NaHCOs A1 7 — S ke S 20 min IXEEAR G A0 L BRRMEY B AT LR AT
NAURAERE IRV EEEN T E A

A%, BELTHE Y E 21 e i ) 5, TS CIHIN/O = 6:9:1:1, 70 15 il 3 CgHgNO .
B 7311 N-FR 3 T NI AN 2 5 A8 A, 78 SN2 25 A T AR B mT DLORBY L HL 5K 8 23 1 B 5 % H Ol CsHGNO,
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5y P H 2 CH,. #Ek, W48 B 70 Tl COCO,, BT CH,, IS4 /INITIH /& CeHoNO, #H24
T A 5N 2 S5 KA B =4 o

2l ME— PR R B R BAE R EIK . Y B R SZ B (R, Bk R MR,
A SRR AN A A E ARG G AR UK & C, #E— Pk sk D, D KA HBREY [ M2 =) E.

HCO; + H0 =—=

. 0y 0 0 o
~ o) AT
HaCy ] " e —HeN ] ) O . OH
0 @) OH )
( ) © e o
B O D O

c HO O

H,CO, + HO"

XA R F AN AE BRAR & SRR G« FRACH DL RERR IR IR IR IR S o BB & RS R %,
BLE T IR BR LG & W BR 4 & LA &y 7 N IR AE &, A JLLL Claisen B4 &4 HAH, fE#H L
Dieckmann % & [ N2[9]4 B L C B KIAR 77 5208 2 - (H A3V E B 2, Claisen lif46 &5 Dieckmann
AW — R = AR KA - E— D IR B BAEE, X R —Fp
B s AR

Bl 5 (57 33 Jim v [E AL 7 BUAR DL v 35 28 (PR 28 ) 1l 8)

Ve K HE (CieH2uN3O) R VR IT Sk I 2454, A B4t . |t AL B. C. D Al E [45# 0.

HzN NaBH, cicocl
H3COB/\©\N02 CH30H/H,0, [l [ KOH(aq), H % [ }
A B
H2,10%Pd/C 1.NaNO,,HCl(aq),0°C
C2Hs0H,HCl(aq) [ ] 2.SnCly,HCl(aq),0°C [ }
c D
OC,Hs
CoHsO N(CHz)2
CH3CO,H,H,0, [5137 [ }
E, e oK 38

COPAT IA B b R 45 RS 6 SRR 45 LR A8 0 BR b 10 S Bl BEOR S a2 alR & B AR 7
T SR AR A LA B O W A S B B AR S . B — D ) NaBH, /2 W LRI IERRIE SR 77, — A
RS, HEEEE o Bk LEARIENWAL o AR TSN, BREEATPOL R iest. 2, s
Fadk KRR AR b B R A P CRIZ N - T BRI BT o AL AR SRR B (i 00 Tl 2 2k
5 AR SN E R, 4 SnCl I JF 3 BIFEE, OV HR /R (Mayer) St R i,

M D | E EACHIX R %, MERERIR . EMRNRG T, AR R PEIR 5T 2 8 2 oK (i
11T LAyt 5 5 R A SR AN - TR BPRER, IRBRERR AL T TSR M s, SRS 2] — A
15-C o Mmaity, w5 KAERE (Cope) EHE, HI[3,3]o LM S MAFE] I fi%.
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H OCHs ¥ "
H o
o= +  CoHsO = S\OJAQ\NH
0 NHNH, !
P (HSC)zNW
/ “Me
0, f@ oy o
K NH2 ST NH
NH _NH
MezN/\/\/ Me N Me,N
2

TR FREAT S AR, S B RERE, ER R TR L TR A, R AN R
Wk, XN FERR A B ER R (Fischer) | W & iz o

o= w O ) %
H NH NH2 H* &}
NH NH NH
Me,N Z Me,N UNH A 2
MezN
2
o) O%f\
H* Shift O XJE HO
®
/
MezN

MezN

RRPESE — D HI K o B EA 2R T BRI AR E UL SR, BEJR RSN G AL — . %K
%Eﬁé@,ﬂi, HES e MALERIE AR50 22 A RO BEAR AN A RAR L . W I, 25 2R A% il 5 38 B S 1A
B, A REIRERE T

2.3. BXRMBBRHFHR BT AT FEMEE

2019 4 12 F 43R I i 24 7t 0 75 (SARS-CoV-2) 5| 2 R8T 214 el b5 73 i 48 (COVID-19),  H A 231
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Figure 1. Three chemical drugs for treating COVID-19
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