BO GIAO DUC‘V&’M&T AO KY THI CHON HOC SINH GI0I QUOC GIA
TRUNG HOC PHO THONG

NAM HOQC 2023-2024

Mén: HOA HQC

Thoi gian: 180 phut (khdng ké thoi gian giao dé)
Ngay thi thir hai: 06/01/2024

(Dé thi gém 06 trang, cé 06 cdu)

Cic chir va ki hidu viét tit: Ac: acetyl; Boc: fert-butoxycarbonyl; Bn: benzyl; n-Bu: n-butyl; Bu: rerr- butyl; Bz: benzoyl;
Cbz:  benzyloxycarbonyl; DBU: 1 8-diazabicyclo[3.4.0Jundec-7-ene;  DIBALH:  diisobutylaluminium hydride;
DMAP: 4-dimethylaminopyridine; DMF: N,N-dimethylformamide; DMSO: dimethylsunfoxide; Ef: ethyl; IBX: iodosobenzoic
acid; KHMDS: potassium hexamethyldisilazide; LDA: lithium diisopropylamide; LHMDS: lithium hexamethyldisilazide;
mCPBA: m-chloroperbenzoic acid; Me: methyl; Ms: mesyl, NBS: N-bromosuccinimide; NIS: N-iodosuccinimide;
PCC: pyridinium chlorochromate; Ph: phenyl; Pr: iso-propyl; TBA: tetrabutylammonium; TBS: tert-butyldimethylsilyl;
TEMPO: 2.2,6,6-teramethylpiperidine-1-oxyl free radical; TES: triethylsilyl; TIPS: triisopropylsilyl; Tf: triflucromethanesulfonyl;
TFA: trifluoroacetic acid; THF: tetrahydrofuran; TMS: trimethylsilyl; Tol: tolyl; Ts: tosyl; /: long.

Cho: H=10;C=12,0;N=14,0; 0 = 16,0; Na=23,0; K=39,1; Mn = 34,9; Zn = 65,4; Br=79,9; 1=126,9; Zu = 1 Zc=6;
Zo=8; Lxa=1]; Zann=25; 2o =35; Z1=53.

Cac quy trinh téng hop hiru co c6 du cac chit vé co, dung mbi, xtic tac, diéu kién cin thiét va bo qua yéu to lap thé.

Caul (3,5 diém)
1. Strc cing 1a mot tinh chat If thd cda cac cycloalkane. Xét cac cycloalkane c6 dang t6ng quat 1a (CHz)n, v6i
n > 3. Stc cang tinh trén mdt nhém CHz (ki hiéu 1a SC) cé thé xac dinh dua trén thiéu nhiét (nhiét chay) chuin

ACH_SQS

n

6t chudn tinh cho

(A, HS, ) cia cycloalkane theo cdng thic: SC =

mot nhom CH: trong trudng hop suc cang bang 0; 4 ¢6 thé duge xéc dinh tur thiéu nhigt chuén ctia cic alkane
mach khong phén nhénh, khac nhau vé s6 lugng nhém CHa. Cho rang thiéu nhiét chuén cia cac alkane dugc
tinh bano téng dong gbp cua cdc nhom CHs va CHaz co trong phén fir.

a) Str dung sb liéu trong bang sau, xac dinh strc cang trén mot nhom CHz (keal mol™) cia cyclopropane va
cyclopentane, tir d6 lién hé véi d6 bén clia chung.

Chat - cyclopropane | cyclopentane propane n-butane n-pentane | n-hexane
A HS, (kcalmol™) — —499,76 —793,40 —-530,59 — 687,62 -845,12 | -100239

b) Trong cyclopropane, mdi nguyén tir C stt dung orbital (A0) 2s t6 hop véi cac
AO 2p tao thanh cac AO lai héa, twong tr nhu su tao thanh cac orbital phan tr. Do
suc cing nén hai AO lai hoa tham gia tao lién két C—C (ki hiéu @1, ¢2) bi 1éch
khéi truc ndi giita hai hat nhan nguyén tir C mot goc 1a a (xem so dé bén). Goi
0 1a goc tao bdi cac truc cua @1 va @2. Gia tri cia 6 (d0) cd thé dugc xac dinh theo

0
cbng thirc: cos = OS—A)— , trong d6 s% 13 phan trim déng gép cia AO 2s vao
5% —100%
mdi AO lai héa @ va @2.
Xac dinh gid tri a (d0), biét phan trim déng gop clia AO 2s vao méi AO lai hoa
ctia nguyén to C tham gia tao lién két C—H 1 31,94%.

¢) Trén co s¢ cu tric cta cyclopropane va cyclobutane, giai thich tai sao cyclopropane va cyclobutane c6
stc cang gan bang nhau (chénh léch 1,4 keal mol™) mac du goc C—C—C cta cyclopropane nho hon nhiéu so véi
gbc tuong img trong cyclobutane.

2. Cho céc gla tri pKa sau: 4,54; 4,06 va 2,97.

a) Gan cac gia tri pKa nay cho ba déng phan cAu tao clia hydroxybenzoic acid.

b) Biét pKa ctia benzoic acid 12 4,19. Giai thich nguyén nhén dAn dén su khac biét vé tinh acid ciia ba
ddng phin hydroxybenzoic acid trong tuong quan vol benzoic acid.

3. Cac phan tng dic trung ctia din xuit halogen 13 phan tmg thé nucleophile va phan tmg tch loai.

a) Khi dun néng 3-chloro-3-methylcyclohex-1-ene trong dung mbi methanol, thu dwoc hén hop san phim

c6 cdng thic phan tir CsH140 va C7Hjo. VE cong thirc cau tao va co ché phan @ng tao thanh cac san pham nay.
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b) Trong sd cac dong phan lap thé cua 1,2,3,4 5,6- hcxachlorocyclehexane (CsHsClg) c6 mot dong phéin
tham gia phan tmg tach loai v6i base chim hon rat nhiéu so véi cac déng phan con lai. V& céu truc cua
ddng phan ndy va giai thich tai sao phan tmg téch loai véi base xay ra chim.

Cau Il (2,0 diém) V& co ché a2 xuét cho céc qué trinh chuyén hod sau:

3) Ph
N A
V2 Me g Me_@NH Y 1) (M0);CH NN
@/coza 1) EtONa, EtOH ME\é/COZEt ) \/ 2) PhCONHNH; MQ@NH L
7\ ———— &
H @ N. /\\ anisole, 7
A Hee N7 NHz  ohistvi song i N
H N
H
Biet: phan Umg cé tao enolate dugc bén hoa. Biér: anisole 1a dung mdi phan ung.

4) EtO,C _ @:TMS. oo Boc
P it On ot | Qe S (L
Cﬁka% m\ N CsF, PEGDME 240 ‘
oH PhCHO, AcOH o Ph Boc ’

Biét: PEGDME 240 14 dung méi ether; phén Ung qua giai
doan tao benzyne:

Biér: chi can dung piperidine va AcOH véi
luong nho.

Céu III (3,0 diém) , ’ o ,
1. Trong qué trinh tong hop mot loai thuoe chita bénh viém gan C, chat trung gian A10 duoc diéu ché tir chat
A1 theo quy trinh duge md ta dudi day:

S

Me Me e
- A10: chat trung gian trong
™ diéu ché thudc chira bénh viém gan C
O N COzME
A1

Cho A1 phan ung véi allylic alcohol (CH,=CHCH:0H) ¢6 mat cua DBU (mt base hiru co), thu duoc A2.
Phén tmg ciia A2 v6i NHsHCO3 va Boc20 trong dung moi THF tao thanh A3 (C1oHisNO3). Khir hoa A3 bing
LiAlHs thu dugc A4, Bio vé nhém chic trong A4 bang phan tmg véi CbzCl, K2CO; trong nude thu duge AS5.
Oxi héa A5 biang hén hop TEMPO, NaClO, KBr va NaHCO; thu duge A6 (CisHisNO;z) c6 chira nhém
aldehyde. Xir 1i A6 vdi acetic acid trong ethanol thu dugc A7 (C17H23NOs), cho A7 phan ung véi hén hop
MesSiCN, BF3+Et;0 tao ra A8 (CisHisN202). Cho A8 tac dung vdi NaOMe trong methanol, sau do xu 1i v6i
dung dich nuée ctia HCI thu duge A9. Khir héa A9 bang hydrogen véi xuc tc Pd/C trong dung méi methanol
thu dugc A10.
Bo qua yéu td 1ap thé, vé cong thire ciu tao cia cc chit tir A2 dén A9.
2. Cho hé tac nhan va nguyén liéu co ban sau:

pyridne  Et;N  LDA  LiBH, Et,SiH BH5°Et,0 AICI; AcCl  Tf,0 (Boc),0

NHs NaH MeLi NaBH; NaBHsCN CFsCO,H (PhsP);Pd PCC  MsCl  MeOCOCI

NH /@/C' O 0 0 0
HN\) (HO),B Me” “OH /_OS Me)LMe Me\/L\OH \)LMe

Chon tir cac tac nhan va nguyén liéu co ban trén (cé thé st dung thém cic chat vd co, dung moi, xtic tac
va diéu kién can thiét khac), dé xuit so do tong hop chat A11 (thanh phan thuoc chita bénh béo phi) va
A12 (chat trung gian trong quy trinh diéu ché thuée chita bénh ung thu mau).

Cl
Me
e
Cl Me
NH =
N NH
_/

A11: thanh phan thudc A12: cha&t trung gian  trong
chira bénh béo phi diéu ché thubc chira bénh ung the mau
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Cau IV (4,0 diém) 7
1. Asperaculin A, phdn l'&g tir nam bién Aspergillus aculeatus, duogc tong hop bdi cac nha héa hoc tai Pai hoc

Tokyo, Nhat Ban theo so d6 sau:

O ) i
1) N-Boc-imidazole, EtO,C =
) \/\
CHO H,, Pd/C LHMDS
2) Mel, K2003 CraHa203 LHMDS CMalle C1gH3205 C19H320s
e 3) MelLi, Cul
1) CH;C(OEl)s,
POCI,;, DMAP DIBALH EtCO,H, 140 °C 1) O3
" oyridine ps - o : oo D 2) PhsP be
pyridine CroHagOs EigHpslly 20 LiOH, 80 °C C1sH220; JFi C14H2003
3)H,S0,05M
Me Me
Me Me
Me
KCN, TMSCN o .
18-crown-6 o)
NG OTMS 0
D9 asperaculin A

B6 qua yéu t6 lap thé, v& cong thitc ciu tao cia cic chét tir D1 dén D8. Biét: tir D6 — D7 co budc chuyén vi [3,3].
2. Waltherione A (D18) duoc phén 1ap tur Melochia umbellata. Cac nha héa hoc tai Dai hoc Kanazawa, Nhét Ban
va Dai hoc North Carolina, Hoa Ky da tong hop D18 theo so do sau:

OH
1) mCPBA, CH,Cl; 1) TBSOTY, base NIS, TFA
> | p— D10 D11 D12

\ TFA, dioxane 2) Fe, NH,CI ' MeCN i
N C41H44NO 4% C7H57NO,Si C17H6INO,SI

NO, 11114 NOg EtOH, H,0 17M27NU2 17M26INO2

1) Ac,0, pyridine,
1) NBS, CHCl, DMAP 'BUOK 1) TBAF, THF
D13 — D14 5 D15
2) IBX, DMSO

¢ R . H (o]
2) 'PrMgCI-LiClI, C17HpsBrNO,SI 2) n-BulLi, THF CarHayNO,SI dioxane, 100 °C Cp1HogNO3SI

THF
Q
1) NBS, DMF HO OMe
D16 } D17 — O O |
CysH13NO3 2) Ll%h&?:' Gul, C16H1sNO4 OMa H o
D18: waltherione A

Bo qua yéu tb lap thé, ve cong thirc cAu tao cta cac chit tir D10 dén D17. Biér: hdn hgp Ac20, base c6 thé acyl
héa nhém NHa hai 1an; hon hop IBX, DMSO oxi héa nhom OH thanh nhém C=0 tuong ung.
3. (+)-P§enostatin C (D27) duoc tao ra boi nhiéu loai ndm ndi sinh, c6 hoat tinh gay déc nhiéu dong té bao ung thu.
Hop chit thién nhién nay dugc tong hop boi cac nha hoa hoc tai Pai hoc Sichuan, Trung Qudc theo so do sau:

Me

oTBS WA 1) O3

| v, BFg'Etzo sau do N828203 1) NaBH4
M T oian i P20 DTESOL ot
B] . ! .
0 o><l\/1e ) CanMagaSi  2}MOFBA C21H3507Si in)widazo1e’ C27H5407Siz
1) Cwa/WPPhSBr
Me
1) MsCl, pyridine KHMDS, =78 °C 1) NalOy4
= — D22 - D23 D24
2) HF+pyridine CagHi0sSSH 2) TFA, H,0 CaaHsg0sSSi 2) 120°C CyqH540/SSi

3) DMSO, (COCl),, EtzN
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1) DBU, 130 °C PCC LiOH

D24 — D25 p—
C31H5407SSi 2) HF-pyridine C24H3604 C24H3404 L

D27: (+)-penostatin C
B6 qua véu té 1ap thé, v& cong thitc chu tao clia cdc chét tr D19 dén D26. Biér: DMSO, (COCI); v EtN la hé
tac nhan oxi hoa alcohol; tir D24 — D25 c¢6 budc tach loai.

4. (-)-Alloaristoteline (D36) c6 trong mét loai thao dugc ciia Chile, c6 tiém ning lam thuoc cai nghién va chita bénh
trim cam. (-)-Alloaristoteline dugc cac nha hoa hoe ¢ Dai hoc Hanyang, Han Quéc tong hop theo so d6 sau:

OTES 0O
A 1) (CFg)2CHOH,
e CH,CI KOH CbzCl
/(:H Cl e 2) HCI 12M ZTHFA pz9 EtOH D30
=R C19HasNO,SI ) ' C13H21NO> CigHpNO,  D3Se
H
2N e
1) MeLi, Cul PhN(Boc)NHBoc
D31 i D32 — D33 . D34
CotHarNO,  ~HZO CoyHpsNOy D) NS NTR oo FaNOgS Pd(BusP)a. CagHs51N30s
i | Cs,C04, 110 °C
Me
Wy
ZnCl,, 90 °C H,, Pd/C =
—_— D35 H Me
C2sH32N20; HN
Me s
D36: (—)-alloaristoteline

Bo qua véu t6 1ap thé, v& cong thire cdu tao ctia cac chét tir D28 dén D35. Biét: hdn hop (CF3):CHOH va CH:Cl,
xuc tién cho phan tmg céng Michael.

Cau'V (2,5 diém)

1. Aspinolide G (E9) 12 mét lactone vong 10 canh, phan lap tir cac loai nim, dugc tong hop boi cac nha hoa hoe

tai Pai hoc Nong nghiép Tokyo, Nhéat Ban di tir 2,3-O-isopropylidene-D-ribose theo so do sau:
O

e me._JL__Po(oMe),

ﬁ/OH -
PhsP=CHCO,Me 1) Hy, Pd/C OTBS
I et E2 E3

N = E1
o. .0 PhCO,H, CH,Cl5, CaiHiaO 2) NalOy, C.nH.=O LiCl, EtsN, MeCN ConHaeOcSi
dun hai leu 11M18Ye NaHCO; 10M16Ys 2038Vl
Me Me
0]
NaBH4, MeOH Me/vk(n '1) LiOH, THF, HZO lactone hoa
E4 E5 — E6
CeCl3*7H,0 CogHas06S EtsN, DMAP CssHazO7Si 2) HF +pyridine £y
O O
Me (0]

Me @]
w HCI TEMPO TsOH*H,0
E7 ES
0 TsOH*H,0 MeOH o) OH

O MeOH C1iH304

MEMO —O\lLMe 20 Mem\/go OMe O

Me .
E9: aspinclide G

Bé qua yéu t6 1ap thé, v& cong thire chu tao cia cic chat tir E1 dén E8.
2, L-altrose la duong co gia thanh rat cao, co thé chuyen hoa thanh nhiéu phan tu sinh hoc thiét yéu nhung lai

rét khé phén 1ap trong ty nhién, Mot s6 din xuit cia diy duong L-altro d3 dugc cac nha héa hoc Dai Loan
(Trung Qudc) diéu ché va chuyén héa tir duong D-galactose qua a-L-alrro epoxide (E18) theo so do sau:
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OH OMe

FHLh /O\ Cl, KOH HCI, MeOH N
BnCl, K , Me BzCl, Et3N;
i 0] e o E10 — EMN 4
OH OH O TBAI c24H3DOG CH2C|2 C21H2606 sau do MsCl
Me%\o
Me
OBn OMe TR L
'8UOK -0 H,S0, 4,5 M TMS-STol HO .
El2 =1 l2, MeOH "o
t
CaoHay0gS ~ BUOH L 0Bn THE CogHpsOs ~ ZM2rMe OBn
O
E18: a-L-altro epoxide
NaN . LiAIH Ac,0O, AcOH
E17 »—! AR, E14 ———————>  E15

ether
KCN

DMF, H,0 H2SC40,2% ¢, H,e0;

E16

DMF, H0
Bo qua yeu t6 1ap thé, v& cong thirc cau tao clia cic chét tir E10 dén E17. Biér: E10 dén E12, E14 dén E17

14 din xuét cta furan.
3. Colensolide A (E23) duoc phén lap tir tio dd vao ndm 2009. Colensolide A dugc téng hop boi cic nha héa hoe

Pai hoc bang Michigan, Hoa Ky nhu sau:

= 1) (MeO)3CH, HoSO,
2) KOH, MeQOH 1) 90 DC
= E19 _— E20 va E21
COzMe 3) (PhO),PONS, EtsN 2) NH3, EtOH
Cbz 2 3 3 C15H13N4o5 3 C29H38N4Og C15H21N305
MeO H
B N\/;O
FLNH - E5B 1) H,S0y4, SiO,, CH,Cl,
N > -
" OH C14H17N304 2) H,80,, MeCH
Br OH
Br

E23: colensolide A
Bo qua yéu td lap thé, v& cong thirc c4u tao cila cac chét tir E19 dén E22.
Cau VI (3,0 diém)
1.a) Cho gian d6 Latimer ciia manganese trong mdi truomg acid:
MnOj 0,56 MnO4 2,27 MnO, 0,95 Mn3* 1,50 Nhl2+ —1,18 Mn
Tinh toan dé chfmg minh ring & diéu kién chuan, ion Mn** khong bén trong méi trudng acid.

b) Hop chat X 1a mét oxide ciia manganese, c0 nhleu trong quancJ hausmannite. Hoa tan hoan toan 0,2744 gam X
trong H2SO4 loang du khi ¢6 mét H20,. Dun s6i can than dé luong H20- du phan hity hét. Thém vao dung dich
lugng du ZnO bot. Chuén @3 hdn hop thu dugc bang dung dich KMnO4 0,10 M thdy hét 24,0 mL.

i) Tinh todn dé xac dinh cong thirc héa hoc cua X.

/i) Viét phuong trinh hoa hoc cho céc phan Ung xdy ra va cho biét vai tro cia ZnO trong quy trinh chuan do
bang KMnOs & trén.

¢) Khi cho chit X (x4c dinh duoc & v VI.1.b) tic dung véi lugng du dung dich acetic acid lodng, thu dugc
dung dlCh chira mudi X1 va chét rin X2. Cho X tac dung voi dung dich HNOs loing du, thu duoc dung dich
chira mudi X3 va chét rin X4. Pun néng X trong hén hop HNO: dic va HiPO4 dac thu duge mubi X5 (két tha
mau xanh xam) va khi NO. Xac dinh céng thic hoa hoc cua X1, X2, X3, X4 va X5. Viét phuong trinh héa hoc
cho cac phan ung xay ra.
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d) Xét chudi bién hoa cdc hop chat ciia manganese duai day:

Br 0
2 Y2 I Y3

ZnEt,, CO ti 1& mol 1:1
Mnl; Y1
THF

Na(Hg) HClI (loang)
THF

Cho biét: cac phic chit déu théa min quy tic 18 electron; Y2, Y4, Y5 la phic chét don nhéan; Y1, Yt},
Y5 chi chira phéi tir CO; Y3 va Y6 14n luot chira 22,24% va 32,70% khéi luong 1a manganese; Y6 la phirc chat
trung hoa, chira 2 loai phéi tir CO véi ti 1& bing nhau. Trong Y8, cac nguyén tir Mn 12 twong duong. Khéng tinh dén
lién két Mn—Mn, manganese trong Y6 co cau tric bat dién.

i) Xdc dinh cong thirc hoa hoc cac chat Y1, Y2, Y4 va Y5.

ii) VEmot chu trac cia moi chat Y3 va Y6.

iii) Viét phuong trinh hoa hoc tao thanh Y1 tir Mnly; Y6 tir Y5 trong chudi bién hoa trén.
2. Mot hoc sinh tién hanh thi nghiém dién phan 100 mL dung dich =
CuS040,5M, sir dung bd dung cu dugc mé td nhu hinh bén. Cho rang,
trong thi nghiém: hi¢u dién thé duoc git ¢6 djnh; dam bao nudc khdng bi

Na, NH; (16ng)

Y5 Y6

Y4

+
di¢n cye —— — di¢n cye

dién phan & ca hai dién cuc; bo qua sy bay hoi cia nude trong qué trinh  Cu (A) Cu (B)
dién phan.

a) sau mot thoi gian dién phén, dién cuc Cu (A) hay dién cuc Cu (B) i
c6 khoi luong tang 1én? Gidi thich. CuSO,

b) Gi4 tri pH cua dung dich CuSO4 thay ddi thé nao trong qua trinh
dién phan? Giai thich.

¢) Te do dién phan 1a khéi lugng kim loai Cu tao thanh trong mét don vi thoi gian. Hay cho biét (co
giai thich) tbc d6 dién phén sé thay ddi thé nao trong mdi trudng hop sau:

i) Thém Na2SOa rén vao dung dich dién phén.

ii) Thay 100 mL dung dich CuSO4 0,5 M bang 100 mL dung dich CuSOs c6 nong do nho hon.

e
* Thi sinh KHOjNTG dwoc st dung tai liéu,
* Giam thi KHONG giai thich gi thém.
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