SO GIAO DUC VA PAO TAO KY THI OLYMPIC TRUYEN THONG 30 THANG 4

TINH BA RIA - VONG TAU LAN THU XXVIII - NAM 2024
TRUONG THPT CHUYEN Ngay thi: 06/04/2024
LE QUY PON MON THI: HOA HQC - KHOI: 11
— THOI GIAN: 180 phut
PE CHINH THUC Hinh thirc lam bai: Tu luan
Dé thi c¢6 05 trang

Lueu y: - Thi sinh lam méi céu trén mot to gidy riéng va ghi ré cdu s6 mdy 6 trang 1 ciia moi to gidy thi.
- Thi sinh khéng dwoc sit dung bing hé théng tuin hodn cdc nguyén t6 héa hoc.

Cac chir va ki hiéu viét tit: Ac : acetyl; BINAP : 2,2’-bis(diphenylphosphino)-1,1’-binaphthyl; ‘Bu :
isobutyl; "Bu: n-butyl; 'Bu:tert-butyl; Et: ethyl, Me: methyl; Ph: phenyl; TBS: fert
butyldimethylsilyl;, DBU: 1,8-Diazabicyclo[5.4.0Jundec-7-ene; BHT :  2,6-di-tert-butyl-2-
methylphenol; THF : tetrahydrofuran; DIBAL-H : diisobutylaluminium hydride; DMF : N,N-
dimethylformamide; DMSO: dimethyl sulfoxide; Ms: methanesulfonyl, mCPBA: m-
Chloroperoxybenzoic acid; NBS: N-bromosuccinimide; TFA : trifluoroacetic acid; KHMDS :
potassium bis(trimethylsily)amide; PCC : pyridinium chlorochromate; TBAF : tetrabutylammonium fluoride.

Cho:H=1;C=12;N=14;0=16;S=32; P=31; C1=35,5; Ca=40; Cr=52; Fe=56; Mn =55; Co=59; Ni=158;
Fe(Z=26); Cr(Z=24); P(Z=15); H(Z=1); O(Z=8); C(Z=6); CI(Z=17); Br(Z=35); Si(Z=14); S(Z=16); N(Z =7);
0°C = 273,15 K; F = 96485 C mol; R = 8314 K mol’; 1 atm = 101325 Pa; 1 bar = 10° Pa; ¢ 298K:
M —0.0592

Ciu 1. (4,0 diém)

1.1. a) O trang thai ran, PCls ton tai dudi dang hop chét ion [PCls*][PCls ]. V& ciu tric hai ion nay.

b) Giai thich tai sao & trang thai ran, PBrs khong ton tai dang hop chét ion nhu PCls. Dy doan dang hop
chat ion ctia PBrs.

¢) Methyl isothiocyanate, H;CNCS va silyl isothiocyanate, H3SiNCS, ¢ ciu tric phan tir khac nhau. V&
c4u tric cia chiing va dwa ra 1y do cho su khac nhau dé.

1.2. Cho n mol khi li tuong don nguyén tir thyc hién chu trinh

thuan nghich A—-B—C—D—E—F—A trén gian d6 p—V. Trong d6 A-B, P - A

C-D va E-F 1a cac qua trinh dang nhiét; B-C, D-E va F-A 14 céac T B

qua trinh doan nhiét. Nhiét d6 cua cac qua trinh déng nhiét A-B la
Ti,C-DlaTavaE-FlaTs (T1>T2>Ts). Biét rang trong cac qué CT
trinh gidn n¢ dang nhiét A-B va C-D, thé tich khi sau khi gian n¢
taing m 1an so véi thé tich khi trudc khi gidn nd. Cho hang sb khi
li tudng la R. Hay x4c dinh:

a) Ti s6 Vi/VE giita cac thé tich khi ¢ trang thai F va E theo m. F E
b) Cong cua khi khi thyc hién mdt chu trinh trén theo n, m, R, Ti, Tz, Ts.
¢) Nhi¢t lugng khi nhan dugce trong mot chu trinh theo n, m, R, Ti, To.
d) Hiéu suét cua chu trinh theo T, T2, Ts.

1.3. Phan ung cia FeCly voi phenanthroline (phen) va KNCS cho mot phtc sit (II) bat dién
Fe(phen)2(NCS)2 (A).

phenanthroline

a) V@ cac dong phan cau trac c6 thé co cua A.
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b) O nhiét do cua nitrogen léng, A ¢6 momen tur 1a 0,0 BM; nhung ¢ nhiét 4o phong, A c6 momen tu
gan bang 4,9 BM. Sir dung thuyét truong tinh thé, hiy giai thich tir tinh ctia A trong mdi truong hop.
Cho p=,/n(n+2), n la s6 electron doc than.
Ciu 2. (4,0 diém)
2.1.Phwong an thuwc hanh: Bot d4 mai co thanh phan 1a Na,COs, CaCO; va Na,HPO4. Khéi luong
CO3> va HPO4> trong mdt mau bot da mai duge xac dinh nhu sau: (1) Thém 16,00 mL dung dich HCI
ndng do 1,150 M vao modt mau bot da mai c6 trong cde, duoc day bang mat kinh dong hd thiy tinh. Sau
khi két thuc giai doan thoat khi manh, (2) dun néng dung dich cho t6i khi khi thoat ra hét (gia str chi c¢6
COz thoat ra). (3) Thém dung dich K2C204 vao coc dung mau dé két tia hoan toan Ca'. (4) Loc tach
két tua, phan dich loc dugc pha loang thanh 100,0 mL dung dich A. Thyc hién cac thi nghiém sau:
- Thi nghiém 1: Chuén d6 10,00 mL dung dich A bang dung dich NaOH 0,0625 M véi chi thi methyl da
cam dén khi dung dich chuyén sang mau vang (pH = 4,4) thi hét 9,52 mL dung dich NaOH.
- Thi nghiém 2: Tién hanh twong tu thi nghiém 1, nhung thay methyl da cam bang thymolphthalein, thi
khi dung dich chuyén sang mau xanh (pH = 10,0) hét 16,32 mL dung dich NaOH.
a) Gia thiét lugng du oxalate & budc (3) khong dang ké. Bién luan, x4c dinh thanh phan cta hé tai thoi
diém chat chi thi chuyén mau trong thi nghiém 1, thi nghiém 2. Cho biét thanh phan ciia dung dich A.
Viét phuong trinh héa hoc ciia cac phan ting xay ra trong quy trinh trén.
b) Tinh khéi luong CO3* va HPO4> trong mau bot ¢a mai (gia thiét luong du oxalate khong dang ké va
b6 qua sai sb do chi thi).
¢) Lap luan va cho biét két qua xac dinh khéi lugng CO3* va HPO4> & y b) sé& thay ddi thé nao néu:

i) Thay methyl da cam bang bromocresol lyc trong thi nghiém 1 (van dung thymolphthalein trong
thi nghiém 2), biét rang bromocresol luc chuyén mau tai pH = 5,4.

ii) Khong thyc hién budce (2).
Cho biét: H3PO4 ¢ pKai = 2,15; pKax = 7,21; pKaz = 12,32; HoCO3 ¢6 pKai = 6,35; pKax = 10,33.
2.2. Cho hai pin dién hoa c6 so do:

Pin 1: Pt, H (1 atm) | HCI 10 M | Hg.Cl,, Hg

Pin 2: Pt, H> (1 atm) | NaOH 107 M, NaCl 10 M | Hg:Cl», Hg
Strc dién dong cla cac pin twong ung 1 E; va Es. Biét: E°(Hg,Clo/Hg) = 0,2682 V.
a) Viét phuong trinh hoa hoc ctia phan tng xdy ra tai cac dién cuc va phan Gng tong quét khi cac pin
lam viéc.
b) Tinh E; va thiét 1ap méi lién hé gitra Ez va Ky, ¢ 25°C.
c) N6i hai dién cuc calomel cua hai pin v6i nhau dé tao thanh mot pin kép. 025 °C, strc dién dong cua
pin nay la 0,4726 V. Xac dinh Ky, ¢ nhi€t dg nay.
Céu 3. (4,0 diém)
3.1. Mot hop kim gom Cr, Fe, Co va Ni. Nguoi ta phan tich ham luong cac kim loai trong mau hop kim
theo quy trinh sau: Can 1,40 gam hop kim, hoa tan hét vao dung dich HNO; déc, nong, 16i thém NaOH
du vao thu dugc dung dich A va két tia B. Loc tach két tia, roi thém dung dich H2O» du vao dung dich
nudce loc, co can. Lay chat rin thu dugc hoa tan hoan toan trong dung dich H2SO4 lodng. Thém mot
lwong du KI vao dung dich vira thu dugc. Sau khi phan tmg xay ra hoan toan, chuan d6 luong I, sinh ra
bang dung dich Na;S>03 0,20 M thay tén hét 30,00 mL. Két tia B dugc khuay déu trong dung dich NH;
du t6i phan Gmg hoan toan, thu duoc két tiia C va dung dich D. Nung két tua C trong khong khi & 400°C
dén khéi luong khong dbi thi thu duge 0,96 gam chit ran E. Thém luong du KOH va K»S>0s vao dung
dich D, dun néng t&i phan trng hoan toan thi thu dugc mot oxide mau den F co khdi luong 0,81 gam va
dung dich G. Hoa tan hét 0,81 gam chat F trong dung dich HNO3, thu dugc dung dich H va 109,96 mL
khi Oz (¢ 25°C, 1 atm).
a) Viét cac phuong trinh phan tng xay ra.
b) Xéc dinh % vé khdi luong cac nguyén t6 trong mau hop kim trén.
3.2. Khi dun néng phosphorus tring véi dung dich KOH thi thoat ra mot khi khong mau, 1am hoéa den
gidy am tam AgNO;. Tir dung dich con lai, tach duoc mudi M1. Mit khac khi cho phosphorus tring
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phan ung voi dung dich KMnOg4 trong KOH déac ¢ nhiét do thép, tor dung dich tach duoc mudi M2. Khi
cho M1, M2 tac dung riéng 1¢ vdi acid H2SO4 loang, du thu dugce acid Al va acid A2 tuong ing. Dung
dich chira 2,025 gam A2 phan tng vira du v6i 20,0 mL dung dich KMnO; 0,250 M trong moi truong
acid. Bi€t phén tram khoi luong phosphorus trong A2 1a 38,272%; con trong Al la %me = 46,970%;
%mo = 48,485%. A1 va A2 nghich tir, pho *'P-NMR ctia A1 va A2 chi c6 mot tin hiéu (trong phan tir
c6 mdt nguyén tir phosphorus hodc c6 cac nguyén tir phosphorus tuong duong).

a) Xac dinh cong thirc phan tir va v& cong thirc cdu tao cia Al, A2.

b) Viét cac phuong trinh phan g xay ra.

Ciu 4. (3,25 diém)

4.1. a) Khi xur li aniline v6i sulfuric acid bdc khoi, phan tng thé electrophile trén nhan thom xay ra tai
vi tri meta thay vi dién ra tai vi tri ortho/para, mac du ban than nhom amino 1a nhom dinh hudng
ortho/para. Hay giai thich nghich 1i nay.

NH,
© H2804
"
SO4H

b) Két qua do NMR cho thay rang cac nhém a-methylene (danh déu *) ctia N-acetylpyrrolidine 1 khong
twong duong nhau, trong khi cdc nhém a-methylene trong N-(2-propenyl)-pyrrolidine 2 thi tuong duong
nhau. Hay giai thich hién tugng nay.

o HC ~— /
ol e
HC HoC
1 2

¢) Cho cac chat sau day va cac gia tri pKa twong (mg. Hay giai thich tai sao thém mot nhoém NO; thi tinh
acid tang manh, nhung khi thém 2 nhém, r6i 3 nhom thi tinh acid lai ting khong nhi¢u?

O O L
NO, O,N NO
G 2 O,N NO,

pKa 30,8 16,8 14,4 12,7

d) Khi xtr li 1-chloronapthalene voi ion ethoxide, khong c6 phan mg thé nucleophile xay ra. Tuy nhién,
khi xur 1i chat X dudi day voi ethoxide thi lai xay ra phan ung thé nucleophile. Hay giai thich tai sao.

Cl OEt Cl OEt
OEt OEt
—X— trong khi OO
X

NH,

1-chloronaphthalene
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4.2. Duéi day 1a quy trinh tong hop Trinorbornane, mot hydrocarbon c6 cdu trac doc ddo duoc cong bd
nam 2017 trén tap chi Hi€p héi Hoa hoc Hoang gia Anh Quoc.

0]
OMe PN
MeO,C~ ~CO,Me MeONa, MeOH Bra~FA EtONa, EtOH
X CO,Me X1 X2 X3
MeONa, DMF, rt -Y KH, DMF
Cl EtO \
1. LDA, THF, -78°C DIBAL-H, toluene HCI 2M NaBH,, CeCl;
X4 (C19H»40,S) X5 X6 (C17H,003S) X7

2. Z>s0,Ph rn MeOH, 0°C

TsOH, toluene Sml, THF, 80°C
= X8 (C17H20,S)
dun hoi lwu

Trinorbornane
Bo6 qua yéu td 1ap thé, v& cong thirc cdu tao ciia cac chat tir X1 dén X8 va Y. Cho biét: Y ¢6 khdi luong
mol bang 90 g/mol.

Ciu 5. (4,75 diém)
5.1. Hastanecine 1a mét alkaloid c6 mat trong mot s6 loai thuc vat va co tac dung phong vé cho ciy.
a) Hastanecine dugc sinh tong hop (biosynthesis) theo so do sau:

NH, HoN_~_CHO Pyridoxalphosphate Pyridoxalphosphate
HN A~ A B
NADPH Ea CeH1sNoO CaHicNO,
HO OH
-H,O HO NADPH
D E
Ea Eox N
Hastanecine
Cho biét:
B chtra vong 5 canh; Ea la enzyme xUc t&c acid-base cho phan ing ngung tu, o

dong vong va dehydrate hoa; Budc A sang B ¢6 xay ra qué trinh chuyén héa
R-CH.-NH_ thanh nhém R-CH=0; NADPH ¢6 vai tro nhu NaBHs; Eox 12 E'OsPO/\L/ |
enzyme oxi hod nhém -CH»- thanh -CH(OH)-. V& cau tao cac chat tir A dén E. x

OH

N
Pyridoxalphosphate

b) So d6 téng hop Hastanecine theo con duong hoa hoc dugc trinh bay dudi day. V& cong thire céu tao
cua cac chat tur A dén H (bd qua yé€u to 1ap the).

0 / OTHP
\ O, CH,Cl, A CcMg—= 5 Pd/BaS0, . MeO,CCH,COCI
MeOH, -78 °C H, quinoline
0]
TSNS EtaN CU F NH2NH2 1 10% aq. HCl, A H
- E _— > - >
CogHosNzOg  110°C CygHpsNOg Ci4HpgNgOs  2- NaOMe, MeOH ¢ ,,H,;NO;

3. Ac,0, pyridine

LiAIH, ~ A
D

dl - Hastanecine
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5.2. V& cong thirc ciu tao cua cac chit tir A dén E trong so d6 chuyén hoa duéi day. Cho biét: Znl, duoc
su dung lam Lewis acid trong giai doan tao thanh chat B.

0]
OH /@
o]@é K2CO5 TFAA Znl, PhSH KoCO3 H,0-MeOH Br
‘ B
NH

A (C1oH16FsNO,) : c
CHCl, 1ZOTSTE dun hdi lwu Et,N*I", EtgN

MeCN, dun hoi luu

n-BugSnH, AIBN DDQ, dioxane <0 O
s E
0

o-xylene, dun hoi luu N H

5.3. Atoyaquone la mot vduqc chit duge st dung dé diéu tri chung Xuét huyét. Atovaquone §hrqc téng
hop tir dong phan 1ap thé K1 cua 4-(4-chlorophenyl)cyclohexane-1-carboxylic acid theo so do sau:

0]
(o) (0]
Cl)k[(a
0 o H, Pd/C (cat) K3 o)
HO_ . DMF (cat) quinaldine C..H..ClO isobutylamine
Bl EtOAc, 55°C  C18M14C0  goag 2gog 1T AcOH, 38°C
0] K1

Cl

o o]
o) OQ/ 1. NaOMe, MeOH
©¢§ 2. AcOH, H,0 * oH
O K4

Atovaquone (K5)
a) V€ cong thuc cAu tao clia cac hop chat K2 va K3.

b) Khi chuyén hoa hop chit K4 trong diéu kién néu trén, ngoai san pham Atovaquone con thu duge cac
chat K4-1 va K4-2 sau:

Cl
COZMG

K4-1 K4-2 C|
Pé nghi co ché phan ung giai thich sy hinh thanh Atovaquone, K4-1 va K4-2.

Cén bo coi thi khong giai thich gi thém.

Ho ten thi STnR: ...cooocev i eee e SBD e
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