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BQ GIAOQ DUC VA PAO TAQ KY THI CHQN HQC SINH GIOI QUOC GIA
- TRUNG HQC PHO THONG
NAM HQC 2021-2022

PE THI CHINH THU'C Mén: HOA HQC
Thoi gian: 180 phiit (kkdng ké thoi gian giao dé)
Ngay thi: 05/3/2022
Pé thi gdm 05 trang, 06 ciu

Ciic chivvi ki higu viét tiit: Ac: acetyl; Bn: benzyl; Bu: tert-butyl; cod: 1,5-cyclooctadiene; mCPBA: meta-chloroperoxybenzoic acid;
CuTC: copper (I)-thiophen-2-carboxylate; Cy: cyclohexyl; DIBAL-H: diisobutylaluminum hydride;
DMAP: 4-dimethylaminopyridine; DMP: Dess-Martin periodinane (chat oxi ho4 alcohol); DMSO: dimethylsunfoxide; Et: ethyl;
DTBMP: 2,6-ditertbutyl-4-methylpyridine; HMPA: hexamethylphosphoramide; LAH: lithium aluminium hydride;
LDA: lithium diisopropylamide; LIHMDS: lithium hexamethyldlsllaZIde Me: methyl; NBS: N-bromosuccinimide;
PCC: pyridinium chlorochromate; pyr: pyridine; Ph: phenyl; ‘Pr: iso-propyl; TBAF: tetra-n- butylammomum fluoride;
TBS (hay TBDMS): tert-butyldlmethylsﬂyl TMS: trimethylsilyl; Ts: tosyl; THF: tetrahydrofuran; xt: xtc tac.

Cho: H=1,01; C=12,01; 0= 16,00; F = 19,00; Br = 79,90; I = 126,90.

Trong c4c quy trinh tong hop hitu co, ¢6 i cAc chat vo ¢o, dung moi, xic tac va didu kién cin thiét.

Caul (3,5 dtem)
1. V& 01 cdng thirc cAu triic cia hop chéit c6 chira 01 trung tim bét dbi va chira sb luong nguyén tu carbon it
nhét c¢6 thé cho mdi day sau:

a) Alkane
b) Cycloalkane
¢) Cycloalkene
2. V& céc chu tric 14p thé tuong Ung va tir d6 giai thich céc hién tugng sau: C‘O w
a) trans-Cylclooctene c6 thé 1am quay mit phédng anh sang phén cuc.
b) trans-Cyclodecene khong lam quay mit phang anh séng phan cuc. trans-cyclooctene  trans-cyclodecene

3. Cho céac phenol A1-A4. oH i

Can cir trén c4c hiéu ung cdu tric, hay giai thich: /©/ O

a) Tai sao hop chit A1 va A2 c6 gié tri pKa gan j@/ D/
bing nhau? lpr ,p,

b) Tai sao hop chét A3 lai c6 gia tri pKa thp hon nhiéu A1
50 v&i hop chat A4?

4, Toluene, tert—butylbenzene va anisole déu chua nhém thé hoat hoa dinh hudng nhom thé tiép theo vao vi tri
ortho- va para- ctia nhan benzene. Giai thich 1y do tao thanh san phdm ortho-, para- ctia cac phan tng clo hoa
xuc tac vai ti 1€ % nhu sau:

a)
©/Me Cly /©/Me @Me
+
ACk ¢y cl
toluene 36% 64%
b) f !
S-S
—_—
AICI3 cl
tert-butylbenzene ~100%
)
©/0Me Clz @OMe
AlCl3
anisole 65% 35%

5. Hop chit B1 (CsH120) khong quang hoat va khong phai 13 bién thé racemix. B1 khong phan tng véi dung
dich nude Brz hay dung dich KMnO4 loang lanh va hau nhu khong tham gia phan ng hydro hoa voi xic tac
Ni ¢ 298 K. Bun B1 trong su c6 mit ciia H2SO4 tao thanh B2 (CsH)o) 12 hdn hop hai doi quang. Ozon phén
mdt di quang trong B2 thu duoc keto-aldehyde quang hoat, mach ho B3 (CsH1002) tuong ung.

V& cong thirc ciu tao ciia B1, v& 01 cong thirc cau triic cua B2 va cong thirc cau tric cua san phdm B3 tuong ting.
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Cau I1 (2,0 diém) Dé co hidu biét sau sac vé phan ung ho4 hoc, cén hiéu va nghién ciu co ché phan ung Co
ché phan (ng la cac bude chuyén chi tiét tir chét phan (ing dén san phim. V& co ché dé xuit cho cic qué trinh
chuyén ho4 sau:

1. 2.

Q1. CH,=C=CHyg, hv o Me R Me Ve
2. CH,=CHLi XY - Me\%\/\
) Me Me Me Me Me

3.1°, H;0" Me
Cho bié1: chuyén hoa qua giai doan déng vong [2+2] | Cho biét-chuyén hod c6 qua giai doan goc tu do
3. 4.
Ho, J/Pr o Et

H*

base )j\/\/\ o
T o PR Et)LH T j\)o\
3 Br 14 N Id ’ Ph Et
Yéu cdu: v& co che bang cau dang ghé

Cho biét: phan (mg qua giai doan tao carbocation

Cau I (4,0 diém) Téng hop hitu co 14 linh vuc nén tang trong hoa hoc hitu co. Giai Nobel nim 1965 di duoc
trao cho Gido sw Woddward va giai Nobel ndm 1990 dé dugc trao cho Gido su Corey cung & Dai hoc Harvard,
Hoa Ky dé ghi nhén nhung dong gop to 16n cia hai dng cho linh vuc nay Hién nay, viéc phan lap, tong hop
céc hop chét thién nhién van dang nhan dugc su quan tdm rit 16n tir-cdc nha khoa hoc.

1. Cac agelastatine dugc phan lap tir loai Agelas dendromorpha vao nim 1993 va duoc tdng hop boi nhiéu nhom
nghlen ctru. Nhém ctia Gido su Movassaghi & Vién Cong ngh€ Massachusetts (MIT) Hoa Ky da tdng hop thanh
cdng egelastatine B theo so dd sau:

CO,Et
NBS, DTBMP 1. CISO,NCO, MeCN . -p-|
N/(Co & — c1 - (H2 s c2 1. NaBH,4, MeOH c3 HSCgHy-p-Me c4
2 . Na , Na . M
; / 9) 2P U4 C13H17BrN,Os 2. TsOH+*H,0, MeOH C11H133FN20 AICl3, CH,CI, C17H17BIN, O3S

1. (Cy)sSNCH,NH(CO)NHMe, Me. J<°
CuTC, THF MeSOzH NBS DTBMP N
Cc5 —o" Ccé O / N WNH
2. HCI, MeOH C13H1sBN4Os H,0, 100 °C CyaH1aBrNLOs THF, Hy -

O agelastatine B Cx
V& cong thirc cdu tao ctia cc chit tir C1-C6.
Cho biét: C2 chira nhém —CONH,, C5 chira hop phéan CX.
2. Céc hapalindole dugc phén 1ap tir loai tao lam Hapaloszphon Sontinalis vao ndm 1984 va duoc tbng hop boi
nhiéu nhom nghién ciru. Nhom cia Gido su Williams & Dai hoc bang Colorado, Hoa Ky da tdng hop tién chit
ctia hapalindole theo so dd sau:

0 1. CuBr-Me,S, CH,=CHMgBr .
d HMPA, TMSCI, THF D1 LIHMDS, TMSCI D2 OTMS
2. mCPBA, NaHCOj3, CH,CI . o) Me
Me =7 3. HF, MeO?-I 2¥2 CgH140, C15H3002Si, Ve =
Br SnCly Me HCl 05
. 0
\ _NaH, TBSCI Buli, ELO; CHoClp, -78 °C A MeOH ¢ HaNO
THF b3 t pa T N
acetone . \
H C47H27NOSI TBS
: =
Me
Me,
1. DMP, CH,Cl, 1. LAH, THF NH4OAc Me NH;
2. TsCl, DMAP DS 2. (COCl),, DMSO o7 c N
. TsCl, . 2, NaCNBH3
EtsN Ca7H27NO,S EtN CaoH23NO N

tién chét hapalindole
V& cong thirc cdu tao ctia cac chét tir D1-D7.
3. Isophelllbllme thude 16p chit homoerythrinan alkaloid khéng thom, dugc tong hop dau tién nam 2012 béi
nhém nghién ciru cla Gido su Funk & Dai hoc bang Pensylvania, Hoa Ky. Tién chét cua isophellibiline duoc

tdng hop theo so dd sau:
Br

o}
1.HoN » Nap804 o Diels-Ald
2 E1 _._>110 c [E2] __u E3
0.0 =
/I/ C17H24BrNO; PhMe C44H18BrNO, C14H1gBrNO2
Me Me o COCI, phNEt, _
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3 xt [Pd], HCO;Na,
(CFsCHzo)zP\%OMe iPryNEt, MeCN O 1.LioH
4 — T . N=y e ES
(86ng vong) — 2. 110 °C,
C17H22BrNOg MeO,C PhMe C1eH1eNO3
OH
1. CH(OMe)s, =0
HOC,H,OH, TsOH e LDA HWPA e Op hv,xt MO '
2. xt (-Hy) 2. AcOH MeOH EO
C1H21NO,4 C1gH21NO4

oo
tién chét isopheliibiline

V& cOng thirc cAu tao clia cac chét tir E1-E7.
Cho biét: E® c0 lién két C=C lién hop v6i nhém C=0, con E7 khong chira lién két C=C lién hop v6i nhém C=0.
4. Cyperolone thudc day chat cyperane dugc phén 1ap tir loai cd hat Nhat Ban Cyperus rotundus vao nam 1966.
Nghién clru pé'i nhom nghién ctu cia Gido su Kirsch, Pai hoc ky thuit Munich, Duc dd mé rong kha nang diéu
ché diy chit cyperane nhim muc dich nghién ctru hoat tinh sinh hoc cia ching. Coéng trinh téng hop
(+)- cyperolone clia nhém GS. Kirsch dugc trinh bay trong so dd dudi day:

Me 1. CH=CCH_B,
INCl, MeLi . KOH 1. iPrsSiCl, base \ Mg, [HgCly, 1] Y
Me LiBr, THF dioxane, t° 2. PCC, CH,CI 2. 'Pr3SiCl, base
o C41H47CIO C11H1802 ' 22 ConszSi 3 C32H60023i2
xt [P - . Epoxy hod chon ) pyr, |
ip[ot:L:F.’ :;d] TsNHNH , DIBAL-H E7 TBAF F8 poxy hod chonloc SO;+pyr, 'ProNEt F10
rOH, e TsOH, THF CH,CI . THF DMSO, CH,CI
CaaHag0Si 2¥2 CyaH40Si 2¥2  Cq4H200,
v Me
NzQ/P(OMe)z LAH HgO, H,SO0,
'BUOK, THF T F12 acetons. HO Me cyperolone
' C1sH200 CisHyp0  3CS10N€ 12 HOM o
(5]

V& cdng thirc cdu tao cua céc chat tir F1-F12.

Cho biét: tr F2 — F3 c6 bude oxi hoa -CH=CR;—~C(OH)R:R; bing PCC tao thanh -CO-CR,=CR2R3;
xt[PtCla, cod] hoat dong nhu acid Lewis va c6 kha néng hoat hod alkyne; F4 chira nhém HC=CCH—; tir F4
— F5 c6 bude chuyén vi qua carbocation; hdn hop SOs3-pyr, PraNEt, DMSO dé oxi hoa alcohol bac mot.

Cau 1V (3,0 diém) Céc chét sau 12 hoat chét c6 trong thanh phan ciia mét s loai thudc thiét yéu:

(\ N N\ N
e S Ox
Q 5 ) i N e
H Me

mepivacaine molindone etomidate metamizole sodium

Téc dyng: gay té cuc bd Tac dyng: chéng loan than Tac dung: gy mé Tac dung: giam dau, ha s6t

Nguoi ta thuomg tng hop céc hop chit c6 chu triic tuong tu, tao thanh cac thu vién chit dé mo rong nghlen clru
hoat tinh clia cac hé chat twong (g, tir do, tim ra cac chit c6 tiém ning dé lam thube. Viét so do voi day da
diéu kién cin thiét dé tong hop cac chit G1, G2, G3 va G4 lan luot ¢ chu tric twong ty mepivacaine,
molindone, etomidate va metamizole sodium.

Me o Me CozEt NHMe
Q spers D* 041
I

G2 G4

Thi sinh c6 thé sur ,dung céc hop chét don chiic khong chira qua 3 nguyén tir carbon trong phén tir va céc chét sau
1am ngudn cung cap carbon:

NHNH, Me-_-NH;
CO.H '[Oj o o) o o CO,E
\© © U é . ” U Me OEt <c[
Me
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Cau V (3,5 diém)

1. Céc o-hydroxyacid !:)ét déi ¢ _th{% duogc didu ,ché befing’ cach chu?/én NH,* NaNO, OH

hoé cac amino acid v&i sodium nitrite trong nudc. Phan Ung tao thanh e

san phim c6 ciing céu hinh v6i chat dau. V& co ché dé xuat ciia qua Bn" COz HCL H20 - Bn™ "COH
trinh chuyén hoa nay.

2. Soi polymer ban tng hop cellulose acetate duoc didu ché bing céch cho cellulose phan ng vdi CHO
luqng du anhydride acetic. Qua trinh kéo soi cellulose acetate dugc tién hanh bing cach hoa tan OH
chat nay trong dung méi nhu acetone hay dichloromethane va chuyén vao mdy phun tao sgi trong  HO——H
khéng khi 4m d& bay hoi dung méi. Cho biét: cellulose dugc tao boi lién két g-1,4’-glucosidic  H—OH
clia cac phan tir D-glucose. H=T—OH
a) V& cong thirc cu tric mot doan mach chira 3 don vi duong cua cellulose acetate. CH,0H
b) Hay cho biét tai sao cellulose acetate tan trong acetone trong khi cellulose thi khong. D-glucose
c) Mot hoc sinh méc ao bao hé dai tay b?mg soi cellulose acetate vao phong thi nghiém. Hoc sinh nay rira dung cu
bing acetone va khong may bj dd acetone uét tay phai 4o bao ho. Vi acetone khong phai la chét c6 ddc tinh cao
nén anh ta khong dé y. Sau 10 phiit, tay phai 40 bao hd ciia hoc sinh co thanh I6p xbp tring. Hay cho biét tai sao
chit tudng nhu v6 hai nhy acetone lai 1am héng 4o bao ho clia hoc sinh?

3. Khi dun (1-bromo-1-methylpropyl)benzene trong nudc, ngudi ta thu duge hén hop trong d6 tach dugc 3 chét
gdbm H1, H2 va H3. Két qua phan tich phd khdi lugng, phén tich nguyén t va nghién ciru dic trung Iap thé cia
ba chét nay duoc trinh bay trong bang sau:

Chét Khbi lwgng mol phén tir Phan tram khéi luong carbon S trung tim bat doi
(g/mol) va hydrogen (%)
H1 213,11 C: 56,36; H: 6,15 01 trung tim bat ddi
“H2 132,20 C: 90,85; H: 9,15 khong c6 trung tam bt ddi
H3 150,22 C: 79,96; H: 9,39 01 trung tim bat ddi

a) V& cong thirc cau truc cua (R)-(1- -bromo-1- methylpropyl)benzene.

b) V& cAu tao ciia H1 va dé xuét diéu chinh didu kién phan ing dé H1 gan nhu khong con trong hdn hop thu
dugc sau phan ung.

¢) V& ciu tao H2 va v& co ché dé xuit tao thanh H2.

d) Hay de xuét didu chinh diéu kién phan tmg & thu dugc cha yéu H2.

d) V& ciu tao H3 va v& co ché d& xuit tao thanh H3.

4. Su chuyén hoa thubc trong co the dugc thuc hién bdi hé enzyme déc thu goi la cac cytochrome. Mot trong )
chung 1a cytochrome P450 (v1et tét 1 'CYPas0). Nnom heme chira ion sét trong enzyme nay dong vai tro tm oxi
hod. Trong qua trinh chuyen hoé thudc, phuc sit 14y electron tir thubc. C6 nhiéu co ché dugc dé xuét trong d6
c¢b co ché oxi hoa theo gbc tu do. Mot s6 chuyen hoa thudng gap duoc trinh bay dudi day:

Oxi hod phan hydrocarbon no ciia thuéc Oxi hod nhém methoxy cua thuoc
O \II/ O/OH Seg” OM \cl)l/ R/OH N2t
+ _F&_ — + _Fe_ (1) rR-UVe + Fe — + _Fe_ (2
CH,0O
nhan heme nhan heme
Epoxy hod vong thom ctia thudc Phenol hod vong thom cua thuéc
N ||/ O .. S ~
Ok — O e | Ok O R
nhan heme 1 nhan heme

V& co ché dé xuat cho céc qué trinh (1), (2), (3) va (4) qua giai doan tao gbc tu do.
Lueu y: Chu triic cia CYPaso duogc vé thu gon chi con tim sit (nhan heme) hoat dong.

Cau VI (4,0 diém)

1. Tir phan ung cia iod va flo & —45 °C tach duoc X1 chira khoang 31% flo vé khéi lugng. O nhiét d9 phong,
X1 phén huy thanh iod va X2. X2 phan tng véi flo & 280 °C tao thanh X3.

a) Biét mdi phan tir X1, X2 va X3 chi chira mét nguyén tir iod. Xac dinh cong thirc phéan tir cia X1, X2 va X3.
b) So sanh momen ludng cuc cua phan tor X2 va X3. Giai thich.

¢) Chét 16ng X2 ¢6 kha nang dan dién. Khi hoa tan KF hodc BF3 vao X2, dung dich thu dugc cé do dén dién
cao hon nhiéu so véi X2. Viét cac phuong trinh hoa hoc giai thich cac dir kién nay.

d) Khi phan g v6i lugng nhd nude, X2 tao thanh Y1, sau do Y1 tiép tuc phan (g véi nudc tao thanh Y2. Hai
hop chat nay déu tao thanh tir ba nguyén t&. Mdi phén tir Y1 va Y2 chi chira mot nguyén tir iod. Y2 chira 71,3%
iod vé& khéi luong. Xac dinh cong thirc phan tir; v& cau trac cia Y1 va Y2.
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S A X3 Ia tac nhan flo hoa r4t manh. X3 phan ung v6i SiO2 tao ra Y3. Phan tng nay xay ra nhanh hon khi c6 mét
luong vét nude. Biét Y3 c6 thanh phén nguyén t tvong tu Y1. Phén trim kh01 lugng flo trong Y3 1a khoang
40%. S oxi hod cua iod trong Y3 va X3 nhu nhau.

Xac dinh cong thiic phén tir va v& céu tric cha Y3. Viét phuong trinh hoa hoc clia phan tng giita X3 véi SiO»
va phuong trinh hod hoc giai thich vai tro xuc tac cua nudc cho phan g nay.

e) Cho Y3 phan ung v6i lugng du KOH. Axit hod hén hop sau phan ng bing HNO; dic, tach duge axit 216
dang khan, c6 cau tao don phén t. Dun néng Z1 ¢ ép suét thip, thu duogc axit Z2 & dang khan, c¢6 cau tao
polime. Phan tram khéi Iuong iod trong Z1 va Z2 14n luot 1a 55,7% va 66,1%. Phan tir Z1 tao thanh tir ba
nguyén t6 va chi chira mot nguyén tir iod. S phéi tri cuia iod trong Z1 va Z2 13 nhy nhau.

Xéc dinh cong thirc hod hoc; vé cau triic cua Z1 va Z2. ‘

Cho biét: dang hinh hoc cta cdc phén tir phit hop v6i du doan theo thuyét VSEPR (thuyét vé sy ddy giira
cac cdp electron ¢ 16p vo hoa tri).

2. Phuong dn thi nghiém:

Pé xéac dinh lai ndng do cia acetic acid trong mau gidm cé ndng dd khoang 5%, cac budc thi nghiém duge
tién hanh nhu sau:

(1) Pha loéng 10,00 mL mau gidm trén bing nudc cit, thu duoc 100,00 mL dung dich X.

(2) Chuan d6 10,00 mL dung dich X bing dung d1ch NaOH chuan véi ch1 thi thich hop.

a) Viét phuong trinh phan mg chudn db.

b) Cho mét sb dung cu chinh str dung cho phép chuén do bao gdm binh tam gidc (binh chuin d), binh dinh mic, pipet
va burret déu méi chi dugc trang rira bang nudc may. Trudc khi si dung, can trang rra lai cac dung cu nay. Hay trinh
bay ngin gon cach trdng rira cac dung cu d6 (chi can néu trang rira bang gi va thir tu trang rira cia timg dung cu).
¢) Trinh bay ngén gon cach pha lodng miu gidm & budc (1).

d) Trong phong thi nghiém c6 cac dung dich NaOH chuén véi ndng do nhu sau: NaOH 1,00 M; NaOH 0,100 M;
NaOH 0,0200 M. Bé thuc hién phép chuan d6, dung dich NaOH 0,100 M dugc lya chon dé lam chét chuén.
Chi ra li do cho sy lua chon d6. Biét ring burret sir dung dé dung chét chuén trong thi nghiém nay 12 loai c6
dung tich 25 mL.

d) C6 thé dung (nhing) chi thi nao trong trong s& céc chi thi duoc cho trong bang sau trong phép chuén do
trén? Giai thich ngén gon (khong cin tinh toan). Néu su d6i mau cua dung dich tai diém cudi chuan d6 tuong
tng khi sur dung (céc) chi thi dé.

Chi thi pH dbi mau Mau dang acid Mau dang base
Metyl da cam 4.4 do vang
Bromphenol xanh 4,6 _vang tim
Metyl do 6,2 do vang
Phenol dé 8,0 vang do
Phenolphtalein 9,0 khong mau hong
¢) Két qua chuan d6 10,00 mL dung dich X khi str dung dung dich chuan NaOH 0,100 M dugc ghi trong bang sau:
Lan 1 Lén 2 Lén 3
Vnaou (mL) 8,50 8,45 8,55

Chap nhan sai s chuin do khong dang ké, cac thanh phan khac trong miu giam khong anh hudng dén

két qua chudn do.
Tinh ndng d phén trim ctia acid acetic trong mAu gidm trén. Biét khoi luong riéng cua mau gidm do

duoc 1a D= 1,050 gmL. }
HET

e Thi sinh KHONG duoc su dung tai liéu;
e Gidm thi KHONG gidi thich gi thém.
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