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BO GIAO DUC VADAOTAO  KY THI CHON PQI TUYEN OLYMPIC NAM 2022

HUGNG DAN CHAM DE THI CHINH THUC

Mén: HOA HQC
Ngay thi thir hai: 27/4/2022
(Huéng ddn cham thi cé 27 trang)

‘1. Héng din chung

1. Giam khdo chim dting nhir dép 4n — thang diém cita B§ Gido duc va Dao tao.
2. Néu cé cdu nao, ¥ nio ma thi sinh cé cach tra 1oi khdc so véi dép 4n nhung van ding thi van cho diém

ti da clia cdu, y d6 theo thang diém.
3. Gidm khao khéng quy tron diém thanh phén, diém clia ting céu ciing nhu diém toan bai thi.

I1. Pap dn — thang diém

Cacchir | .. - Cac chir
va ki hiéu Tén diy da va ki hiéu Tén diy di
viét tht viét tit
(+)-CSA | (+)-camphorsulfonic acid IBX iodosobenzoic acid
9-BBN . .| 9-borabicyclo[3.3.1]nonane Pr isopropyl
Ac - | acetyl m-CPBA | meta-chloroperoxybenzoic acid
AIBN . | azo-bis-isobutyronitrile MDS hexamethyldisilazide
B -5 ‘| benzyl ‘Me | methyl
Boc. . -| tert-butoxycarbonyl Ms mesyl
CDMT " | 6-chloro-2,4-dimethoxy-s-triazine NBS NObromosuccinimide
DBU .- | 1,8-diazabicyclo[5.4.0]undec-7-ene NMO N-methylmorpholine N-oxide
DCB :.|'1,2-dichlorobenzene PMB p-methoxybenzyl
DCC - | 1,3-dicyclohexylcarbodiimide Py pyridine
i~ . °| 2.3-dichloro-5,6-dicyano-1,4-
DDRER _benzoguinone i o phenyl
DMAP:. :| 4-(N,N-dimethylamino)pyridine *Bu sec-butyl
DMF ' N, N-dimethylformamide TBAF | tetrabutylammonium fluoride
DMP " | Dess-Martin periodinane TBS tert-butyldimethylsilyl
DMS . | dimethyl sulfide ‘Bu tert-butyl
DMSO. " dimethyl sulfoxide Tf trifluoromethanesulfonyl
appt ;¢ LT -b1s(d1phcnylphosphmo)ferrocene -| - -TFA - | trifluoroacetic acid
EDC - '-|1,2-dichloroethane -+ --- : TIPS - | triisopropylsilyl
.| a,a,a',a'tetrameth 1 1,3- o -
es?} ";j:vjbenzenedlpropanoZte - TMS tnmethy lsﬂyl
Et --_.'_}'-, A T RS TS e v -toluenesulfonyl
HFIP- " | hexafluoroisopropanol ~ - . |° THF | tetrahydrofuran
" PCC - | pyridinium chlorochromate : -
(A] o ky. hiéu biéu dién tiéu phan trung gian A (BJ} ky hiéu bleu dién trang thai
_ ' cua phan (g chuyén tiép B cia phan g
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Ciul Y 11al1ib]| Llc|11d|12a|12b | 1.2¢ 1;:; “ :
% Thang diém | 1/8 | 1/8 | 1/8 | 1/8 1/8 | 3/8 4/8 8 5
diém g

Piém chim

Héa hoc ctia allene va din xuit
' biét cua allene cho phép -

Allene 12 nhém chét cé vai trd quan trong trong téng hop hiru co. CAu triic dic . i :
nhém chit nay tham gia cic qué trinh tao hop chét co kim, phan tmg cong nucleophile, cong electrophile,
cong gbc tu do, ddng thai c6 thé tao yéu té khong triing vat-anh. Céc allene bat doi ximg c6 the duge gin
cau hinh R, hoic S,. .
1.1. Céc phan {mg dudi ddy cho phép didu ché allene vi din xuét. V& cong thirc cdu triic cic san pham tir
A1 dén A4 cua céc phan mg sau. ’ ' (4/8 diém)
Cho biét: céc ky hiu R, S, R,, S, thé hién chu hinh d cho trong cong thirc cac chat tir A2 dén A4.

Hueéng dén cham: Méi cong thiee cu tric diing duge 1/8 diém. ’
» - : (1/8 diém)
Cl i )
Zn !
& T —
A1: C3H,
. (1/8 diém)
H
OH 1) MsCl, Et;N, THF
o 0,
__):>—\ -60 °C .
Me N dg ¥
Me \\ 2) CuBr-DMS, LiBr, THF XN‘Boc
oc )
65 °C Me Me
A2: (R,S,)-Cq3HoBrNO;
) (1/8 diém)
lo) BrMg H i
? i MeO,C Et
1) CuCN, [ N
e Me / N
.. &
e 2) TMSCHN,. .
A3: (R,S,)-C1gHa3NO,
2 (1/8 diém)

p o}
/ PhCHO, [Nj OzN—Q—/
C O H
O,;N .
’ Znl,, toluene, t°
A4: (R;)-Cq7H5NO;
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1.2. . V& cong thirc ciu triic cia AS,

thanh cac chuyén héa dusi day.

A9, A11 va cdng thikc cu tgo cia A6, A7, A8, A10, A12 dé hoan

LAﬂY- Phai v& 15 sy phan bé trong khéng gian cia cdc nhém nguyén tix va ding ky hiéu lién két dit “-—
dé chi sy tao thanh va ditt ra clia cc lién két & trang thai chuyén tiép AS.

Hubng ddn chdm: M3i cong thike ding diege 1/8 diém; L Y kiém tra k cdu hinh enolate E9 va E11.

(1/8 diém)

a)
-
Et
Etw = i — SnCly
o CH,Cl,
Et Et OMe
b) (3/8 diém)
e 3 ®
)
oS Ph S
AICl, PhH. Me
Me
AT C18H21S;
Ph’s .
A8: CygHyS
¢) . (4/8 diém)
[_ . F ) X MeOZC
, Ph Z OMe |
r N OMe PhCHO 0 MeP O L, i
CO,Me MesP 8' ph)\o@ Ph” 07 ~Ph
“
&= A9 A10
+ — — 5 —4
= = . =
PMe3 o o
OMe
A AL il ¥ o 7]
MeP 00 "
qlc) Ph PMe, Ph OMe
A11 J A12: C14H1302P+
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13: Acetylaspxdoalbxdme thudc day alkaloid c6 hoat tinh si
nh6m cia gido su- Canesi,

nghién ciru. Nam 2015,

acetylaspidoalbidine theo so dd dudi day.
V& cong thirc cdu tao cic chét va tiéu phan trung gian tir A13 dén A20.
Cho biét: tir A13 — A14 c6 xdy ra su chuyén vi; A14 chira nhém allene C3H;- gén véi vong; Hg(OAc),

gitip tao lién két C-0.

Hudng dén chdm: Méi céng thike ciu tao ding duac 1/8 diém.

inh hoc cad di dugc tdng hop bai nh\eu gy,
Pai hoc Quebec, Canada 'di tong h%

-
\
¥

(8/8 diém)

HO o. Aco” OAc
OTBS PhI(OAc) OTBS
HFIP - ; ® i ——
. A13: CygH50,4Si (dang ion) A14; C4gH2304Si
1)1, NaHCO3,, HO\/\N s A MS'O\/\.N . |
CHCI3 - . [l - : MsCI, Et,N . BUOK, PhH
2) HO(CHa)2NHa, o°c : o°c
THF AcO” “OTBS - ' g S " AcO” oTBS
A15: 021H34|N058l A1G 022H36|N07SSI
I
]
H,/Pd 1) TFA, CH,Cl, 25 °C
EtOH, 25 °C " 2) LIAIH(O'Bu)s, THF, 0 °C
AcO” ~OTBS Tt Ac0” TOTBS '
A17: CpqH1,INO,Si A18: CyqHy7NO,Si
1) PhANHNH,
N PhMe, 80 °C; N
.- |2) AcOH, 118 °C Hg(OAc)2
|3) LiAH,, THF; O ' OH
o o 4) AcCl, NaHCO;, ‘ N N
H,0/CH,Cl, Ac .
A19: Cy3H54NO; A20: Cp{HpsN20; acetylaspidoalbidine
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1.4. EupPorikanin A 1a diterpenoid c6 nhiéu hoat tinh sinh hoc va c6 tiém_ nang lam thube chita HI,V :
dugc phan 1ap nim 2016 tix ré& cay Euphorbia kansui. Euphorikanin A dugc téng hgp ndm 2021 béi nhém

nghién ciru ciia gido su Carreira, ETH Zurich, Thuy Sy. So d6

duéi ddy mé ta qué trinh tdng hop tién chat

cua euphorikanin A, ;
e = z ¢ " ’ W2
V& céng thirc cdu tao céc chit tir A21 dén A28. (8/8 diém)
Hudmg ddn chdm: Méi céng thikc ciu tao diing dugc 1/8 diém.
0 PMBO oy PMBOTBSO g
i TBSOTf
1) Me,Culi, wd = .
Me 2) OPMB Me in 2,6-lutidine Me Me
Ko CHO i
. Me v
Me A21: CpsH340s A22: CpoHsg04Si
: HO
1) LIHMDS; ' ~s” - | ppa ud S SOs+py, Et.N
% .
2) (\s pH=7 Me Ve CH;CIzDMSO
A23: C33Hs404S,Si - - A24: C25Hs503S,Si

OrBso o s/j

S
Me

Me Me

: Me
A25; CgsH“Ogszsi

- " KHMDS, 18-crown-6
(CF3CH,0),P(0)CH;CO;Me

M

e 0
S
TBSO = /j
S
Me Me
Me

A27: 027 H4603SZSi

PhI(O,CCF3);

MeCN-H,0

. - Me
A282024H4004Si

- Sml,
MeOH, THF
. Me
A26: CpgH4s04S,Si
Me, - 0
© TBSO™ Er

CBI’4, Ph3p H

:__—_> ) Br

. CHZCIZ Me n.‘.-'l/Me

Me
tien chat euphorikanin A
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53 |24a|24b| Tong | © . -

21.a]21b|21.c|21d]| 2.2

Cau2 X =
o Trang dim |18 | s | 1s-| 18 | 458 | 88 | 48 | 48 | 30
dieém .

‘Piém chim

2.1. Héa hoc ciia din xuit cyclopropane

Céc phan img dudi day cho phép diéu ché din xuét cyclopropane ciing v6i m

V& céng thirc cdu triic cic san phim tir B1 dén B4 trong cé4c phan g sau:

ot s6 chuyén héa ciia ching.

Hudng dén chdm: Méi cong thirc céu triic ding dioc 1/8 diém.

a)
MeO _OTIPS
ohe
OMe 2
b)
c)
H
%
H
d)
H
O
2 Br
H

: ; . g BRI ol 7 A - A
T H ,
C['><|_i . -MeBr _

(4/8 diém)
(1/8 diém)
MeO _OTIPS
[Cu’)
B1: CZ1H3604Si
e s TR SR, (1/8 diém)
B2: CygH:Cl
(1/8 diém)
H0*, t° : d
H oH
B3: CgH4q0
(1/8 diém)

Br

B4: CBH"Bf
(khong chita vong ba canh)
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- 32, V& cong thitre cdu triic cic chit v tiéu phén trung gian tir B5 dén B8 dé hoan thanh so b dudi day.

Cho biét: B5 va B8 khdng phai 1a hqp chét ion; B6 va BT la tidu phin mang dién duong.  (4/8 diém)
Hu'ong dan cham: Moz cong thu'c cdu triic ding dwgc 1/8 diém.
- : hurgng A’
r—
0 : )
A, NF A, })—%R, e
[3+2) Z—) | RN b MeO
huongA | N et -
A, M-OMe
i 9!
- R3N /\)j\_@ [3+2] o
" mongB || AT 0 -NRs Bn
’ pyrrolidine
"B7

huéng C

0

e ___,

MeO [3+2]
N/\)LOMe -

2.3. Ni. 32021 nhém nghién ciru cla gido su Wang, Dai hoc Nankai, Trung Quoc da téng hop khung
calymthIhne D thuoc day daphniphyllum alkaloid theo so 5 dudi day.

X
VE cong (hu’c ciu tao céc chét tir B9 dén B16. (8/8 diem)
Hudng d'an cham Méi cong thire cdu tao ding duoc 1/8 diém.
OMe f -‘ OMe OMe
Bq 1)Mg, THF DMP, Na,CO3
_;..._____. ————————
2) CUI; Q TN OH CHchZ Me (o}
l «.‘: L S O
i A X o s
'!' - ’ B9: C13H1802 B10: C13H1502
i
'BuOK ; . OMe
PhsPMeBr Nz=C(COzMe),, COMe NBS, AIBN
toluene, f‘t“ : Rhy(esp)2, CH,Cl, CO,Me. CCl,, °

[ NMO, MeCN -

. CoMe -
B15: CogHgNOs

| Lict, DmE

“.li..160°C

Me

B12: C19H2405

: /1) BnNHy, foliene % -

CO,Me

KOH, MeOH
H,0, t°

: ".',,_'.'.. i B16: C24H27N03

N E '2) Sc(OTf)3 - .

R e

~ COH

khung calyclphyllme D
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i sy pf sl 8/8 diém
2.4. Cho déy tac nhan sau: g 2 153 00 1 ' (¢ )
' 4 M B. .
gBr ,
N /©/ PCC LiAIH4 H,/Raney-Ni
_>—C' F : ‘
O O
[>—coci MeMgBr MnO, NaBH, H,/Pd-C

a) Dién cdc chat phi hop trong day tac nhan cho & trén vao céc 6 phia trén mili tén phan Ung, img véi Ky
hiéu B17, B19, B21 va B23; vé cong thirc céu fao cac chét B18, B20, B22 va B24 tuong Ung trong so aod

diéu ché hoat chét huéng thin prazepam thugc nhém benzodiazepine duéi day. (4/8 diém)

Hucéng dén chdm: Mbi tic nhin ding dugc 1/16 diém; méi cong thikc ciu tao twong vmg diing duac

1/16 diém.
B17 | ‘ 5 YA B19
NH, [>—coci s NH LiAlH,
CI/CEfO . . - Cl/@fo- -

Ph

,/A ) B21 ‘ KA
. il - e - . MnO, . _ NH
Cl o — ' _ C|/©/\fo

Ph

B20

sto_o>_0' KA N | - A\\ )

N J
| N-CO, ! . N
% o HoNNH,
Cl B s Y ”
, 4 : cl N
. ‘ Ph

B24 prazepam
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Al

S b) Pién céc chat phit hop trong day tac nhan cho & trén véao céc 6 phia trén miii tén phan Umg, (g véi ky
hiéu'B25, B28 va B31; vé cong thur: ciu fao céic chét B26, B27, B29, B30 va B32 trong so dd didu ché
hoat chét pimozide duéi day. (4/8 diém)

Cho biét: B30 chira 13 nguyén tir hydrogen va mét lién két ddi C=C c6 ba nhém thé trong' phén tir.

MXM Méi tic nhén dung dwoc 1/16 diém; méi cong thitc cdu tao twong vmg diing dugc
1/16 diém.

B25
M : 3 Q O i . sOCl,
- [>—co.Et o 2 Rt
: B26
B28 F. O O F
H,/Pd-C
; . | cl
: B27 o
| - :
i G - RN P | CS\\
= )L NH
:HN@*N NH 'Hp/Raney-Ni HNO_N

B29 £ B2; .=l

Pimozide
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Ciu 3 Y .- | 31a | 31b | 32a | 32b | 33a | 33b 3.4 Téng | -
d?éfn Thang diém | 2/8 2/8 as. | 88 3/8 4/8 5/8 3,5
Diém chim

Xiic tic base Lewis

Base Lewis 1am xuc tic dugc phat hién béi hai nha héa hoc ndi tiéng 1a Wohler va Liebig vao nam 1832
khi khio sat phan émg ngung tu benzoin. Tuy nhién, mai dén nhimg nam 1903-1905 thi linh vue xdc tdc
base Lewis méi dugc ghi nhan thong qua cic nghién ciru hé théng vé lién két va hoat tinh trong héa hiru
co cua cic nha héa hoc Lapworth, Rosenheim va Sarow. Ngay nay, viéc nghién ciru céc phan rng véi xtc
tic base Lewis 1a huéng rat quan trong vi dang pht trién manh mé. Giai Nobel Héa hoc nam 2021 dugc
trao cho gido su MacMillan, Dai hoc Princeton, Hoa Ky va gido su List, Vién Max-Planck, Dirc dé ghi
nhén déng gép to 16én cia hai nha khoa hoc nay & lmh vuc nghlen ciru va phat trién céc phan tir base
Lewis bat di ximg trong xtic tac hitu co. ' :

3.1. Tinh nucleophile (4/8 diém)

a) Cho day phosphine sau: . _
PPhy -P(OPh)s

Pién céc chit phat hop trong diy phosphine tren vao 6 trong twong mg véi gia tri Nee thé hién tinh
nucleophile cia nguyen tir phosphorous trong céc hop chit d6 theo thang Ritchie cho duéi day. (2/8

diém)
Hudng dan cham: Méi tic nhéan dién diing dugc 1/16 diém.

PBu; P(OBu);

Chiéu téng tinh nucleophile theo thang Ritchie

-3,3 " 0,0 19 36 Nee
] S l 1 "
l ) | B |
P(OPh)s POBY; | | PPh, PBU,
b) Cho déy enamine sau: w8y
Bn 9 ‘ .. .
OC D OO OO
~Me -~
Ph/YNY ;:‘ N/
Bu “0:C

Pién céc enamine phit hgp trong ddy trén vao 6 tréng tuong \mg v6i gid tri N thé hién tinh nucleophile
cuia cdc enamine d6 theo thang Mayr cho dudi day. (2/8 diém)

Hudmg dan chdm: Méi tic nhin dién ding dugc 1/16 diém.
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. ' Chiéu tdng tinh nucleophile theo thang Mayr

- 580 11,40 . 1481 - 18,88 N

Ph/\r

gy’

Y| | O

| O3

O

“0,C

'3.2. Mt s6 chuyén héa véi xiic tac base Lewis
V& céng thikc cdu triic che tiu phén tir C1 dén C12 dé hoan thanh cdc chuyén héa duéi day.

(12/8 diém)

Luru y: Phéi vé 1o su phan bé trong khéng gian ciia céc nhém nguyén tir va dung ky hi¢u lién két dut “---" dé
minh hoa sy tao thanh va dit ra cta cic lién két & trang thai chuyén tiép C5, C11, va C12.

Hueong dén chém: Mbi cong thiee cdu triic diing diegc 1/8 diém.

.2
a) Xic tac trén co s& phosphorous (4/8 diem)
al) Phan (mg Rauhut-Currier (2/8 diém)
Ph
ERT T [ 1]
: | 0 Ph Ph
Py f :}H\oe
1 sBu A @ A~ $BuU
0”0 : k.
BocPhe” Npen, _ J:;ph - 'gh/z\rlq
| .'--S.B”A N-PheBoc 07 ~0Q#--H” “PheBoc
x | c1
Ph
: ‘s :o: io
G2 CuHuO;
a2) Phan img aza-Morita-Baylis-Hilman (2/8 diém)
S TsHN ‘o . TsHN . Ta Rt Ll D
_— _ N | . ot 2 .
" Ph Me 4Ph™1 3 Me,
san phdm chinh san phdm phu
C3: (R)-C1gH1gNO3S C4: (S)-C1gH1gNO3S

b) Xuc tac tren co s@ nitrogen ‘

(5/8 diém)

bl) Phan ung aldol lactone hoa n01 phan tir (1/8 diem) _ : :

HH2-Trang 11727
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Ph

COzH

Me

TsCI, DMAP, PryNEt, K,CO5 .

CH,Cl,, 23°C

C5: C2°H24N202 J
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‘.

‘b2) Phan img Yadav

NTs

. Ph/[LH NTs
PO ——— |, )LQ;{H
NR, : PAT'H

®
.@5

b3) Phan img ghép cip Amstrong

S )
o . H
zp,\)?l\él Etozc)L 0

§ % NRj, base

COE! | |E0,c @ ®
rNRs P S NR3

(2/8 diém)

'rl;s
- A, n,Ph

0]

san phim chinh C6: C;,H;gNO3S

san phdm phu C7: Cy;H1gNO3S

K
™ ,

2

(2/8 diém)

o)

\Y

" "CO.Et

san 'p.hém chinh C8: CgH1404

ipr’  “CO,Et

Sén phﬂm phu C9: CgH1404

b4) Phan tmg véi hé xtc tic MacMillan: (3/8 diém)
- S, g D . . .
s’ N . 0, Me "
B e
e ® \+Me
§ % o = _ o[ Bn N “Me
LR " L ol ‘D/ru
Me/\).LHv s . .. ™ @ .~ ;" N - M;. “‘_- 5
ST 1 N = Tetiexo)
. 0, b e TR : : - t
:‘°"7B}M¢f.._--. ol | AR | A EONEN TN o
5,,;27-9{“”9' :.- " - M &16:'017H23~20; " );;N e "
: rNi Me = — N e i
© *HCI
i
] C12: (endo)
gal o I8 H,0
. i
’ L - H0
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- \ ; } A .
(7/8 diém)” = ;
(3/8 diém) -
MBH giita methyl ‘acrylate va - *
pham C.

3.3. Nghién ciru co ché phan img

a) Phan (mg Morita-Baylis-Hilman (MBH)
Nim 2005, nhém cua gido su McQuade di nghxen ciru co ché phan img
p-nitrobenzaldehyde véi DABCO (hinh duéi) lam xc tac trong dung méi DMSO thu dugc san

Két qua khao sat dgng hoc ctia phan img thu duqc nhu' sau: " .
Phan {mg c6 toc d§ phu thude béc nhat vio nong d6 DABCO, phu thugc bédc nhit vao nong dd

methyl acrylate va phu thugc béc hai vao nong do p-nitrobenzaldehyde. Iy
Phan {mg xay ra chdm hon 5,2 lin khi sir dung methyl a-(*H)-acrylate so véi khi sir dung

methyl a-('H)-acrylate.
Trén co s& d6, nhém nay da dé xuét céc co ché cho phan ing MBH. M¢t trong sb @6 dugc trinh bay theo

so d6 dudi day. 4

V& céng thirc cdu tao céc tidu phan tir C13 dén C17 trong d6 c6 1 tiéu phan 1a trang thai chuyén tiép img
vé6i buéc cham nhét clia phan img.

Luu y: Phai ding ky higu lién két dut “-— d& minh hoa sur tao thanh va ditt ra ciia c4c lién két & trang théi
chuyén tiép tmg véi bude chiam nhét ciia phan tmg.

Hz:a'ng ddn chdm: méi cong thirc ciu tao dung ciia C13, C14 C15, va C17 dugc 1/16 diém, méi cong
thirc cdu tao diing ciia C16 dugc 1/8 diém.

O,N . |
HO  —. . L .
)—<j>—~o2 - OHC NO,
o OMe
0 . ‘ ’ 02N i "o
MeO g4y

i . S : . LI 0 : ..
>G\—N ~— \)LOMe

e _
/_- (DABCO‘)\ ' _

c16 | ' _ c13

IS}
5 :
ogw@j_(o ' om@j_«o
®
o (\N OMe
o) C14
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' b) Phan tmg hydroamin héa alkene - (4/8 diém)

Phan (g hydroamin héa alkene nhim ghép ndi hai phan tir cling c6 tinh nucleophile 12 amine va alkene
véi nhau 12 mjt thich thirc trong xiic tac hitu co. Két qua nghién ciru nam 2021 ciia nhém gido su

Hartwig, Pai hoc California-Berkeley, Hoa Ky sir dung phirc Ru(PEt3);NTf; lam xtc tic cho qué trinh -

hydroamin héa alkené dirgc trinh bay trong phan tmg duéi ddy. Trong qué trinh ndy, base Lewis Et;P
déng vai trd phéi tir didu khién trong xiic téc phirc chat kim loai.

N= I
Me
. HNT X Me -
e | = Ru(PEt;)3NTf, i
n + . - n Me
CioHzt™ ™ Z oC 48 C1oH21
HN” N bC8, 80°C, 48 h %

Khi nghlen ctu co ché phan img hydroamin héa ndy, ngu'én ta thu dugc céc két qua sau:

Két qua khio sit dong hoc cua phan {mg cho thay téc d$ phan mg khong phy thudc vao nong do
aminomethylpyridine; phu thugc bac nhit vao nong o RU(PEtg)JNsz va phu thudc bac nhét vio ndng d¢
alkene. Thém Et;P-du vao hdn hop phan img 1am chim tc d6 phan img.

Phan g hydroamin héa véi xic téc 1a phirc thé aminomethylpyridine ctia ruthenium, tao thanh tir
phan {mg gita Ru(PEt;);NTf, véi aminomethylpyridine, cho két qua tuong ty véi phan img hydroamin
hoéa diing Ru(PEt3);NTf; 1am xuc téc.

o o - ® TEts _I® ' NZ
.'.' ’ Me EtsP:., RU \NQMQ " I

- : HN Me
e AN+ I i il u b
j 1 it " HNTONT Do, sc4ah Csz‘(tss"/“)ﬂe
(-]
L
l

Phén mg véi ddng vi danh déu d;-ammomethylpyndme thu duqc két qua sau:

: X ' Me

Ras. . ke . ) DN X Me
B O/\ Mg T Ru(PEts)3NTf, D (28% D)
L D,N” N DCB, 80°C, 48 h D

_.(80%D) . 21 . . -~ (9% D)

I
o a8

Phérni img hydroamin héa xiic tac trong sy c6 mit ciia acetone thu duoc két qua sau:

Ciohpy N0 e T N" 3 N"
s () Ru(PER)NTE HNTMe 70 g L UHNT Y Me
; : . I . - /L " + )j\ + )\
Me N DCB 80 C. 48h ' "C10H21 . Me . . "™CyoH2y” Me . Me” "Me
: . v oot P 0° : ST T g o7y o,
(02mmol) ‘°2f“m°') I T S R L

".'-.‘.
£

Phan ung hydroamm hoa ketone vai xtc tic la phuc the ammomethylpyndme ctia ruthenium thu

dwoc két qua sau:
PEty /— —'@
EtsPr. ) N )—Me 2
Rul % N |

N EERTR Me E,p” N
F. o+ o P gk, el L OHNT Y e
' el ; M . S l N H, (1 atm) : /J\
’ i e e t = * n "
. 10z : HaN NP DB, 50°C, 48 h CroHz”™ Me

(95%)
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Trén co s& d6, cic nha nghién ciu dé xuat SO do co ché dudi day.

Dién ddy du cdc nhom nguyén tir con thiéu vao khung cho sin d2 hoan thanh cdu tric céc phic chét
trung gian tir C18 cén C21. '

Hudmg dén chdm: Méi cdu triic phirc rrung gian diing dwgc 1/8 diém.

Me
; PEty —  |®
il EtsPr.,. | Me
—~ /Ru‘ \ /
HN” N EtsP N A R
R/kMe
N
e e
HoN , N” °N PEt; ~ \—-Me
’ H = Me /u\ Et;;Pu I i /
N J R” “Me J/ S
EtsP”  “PEty N u _ EtP E
c21 ‘Me c18
AN
P
HN N
R
® ; ®
R\( : —| PR DR ) ,_‘
& : N
. HN . : R .
i o WU L =\ _-Me
EtgP'u.Rlu.-‘N\ l e - Et3P'i-.Ru.-\N\ l
Et,;”  PEts e Et,P”  “PEty
c20 " C19 .
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- 3.4. V& cdng thirc cdu tgo cic chit tir C22 dén C26 trong so d chuyén héa cho du6i day. (/8 diém)
Cho biet: chat C23 chira nh6m —CO,Me va C26 c6 chira dj vong ndm canh.

Huéng dén chim: Méi cong thirc cdu tao diing dige 1/8 diém.

MeO

= 1) Me0~©{

Pd(PPhj),Cl,, Cul

OAc  2) HO(CH,);0H, TMSCI

OMe 3) Cs,CO;4

oM o OMe
eCZS: szszOg

N

PdCl,, CuCl,, CO, MeOH

1) Mg, NH,CI

—————————

2) H,0*

piperidine

CO,Me

OMe

EDC, DMAP

OMe OMe
C26: C34H35012
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z LR
Ciud | 'Y 41a | 4Lb 42, |. 4 Tong e
30 [ Thang diém | 4/8 478 8/8 g8 | 3.0 o
diém - - — $4
Piém cham :

(8/8 dlem)
chuyen héa
(4/8 diém)

4.1. Chu triic 1ap the trong phan img
a) V& cong thitc cdu triic (khdng cén vé ¢

dudi day.
Cho biét: D2, D3, D4 cé hé lién hop trong phan tir; D2 va D3 1a ddng phan 14p thé.

Hudmg din chdm: Mbi céng thire ciu triic diing dugc 1/8 diém.

4u dang vong) ciia D1, D2, D3 va D4 trong SO o

M o ° Me
5 e Me
Me Me 0=/—(M Me:* =3 Me
Mer- “Me - £ 07N o)
& iy proline, CH,Cl, M ¢ Me
' D1: CysHp,0,4
D2: Cp5H330, D3: C25Hag05 ) D4: CasHa50,

b) Khi cho dong phén rrans-(R,R)-D qua c{t silica gel thi thu duorc hax déng phén dbi quang D6 va D8 c6
cau hinh cis-. (4/8 diém)

V& cdng thitc ciu triic cia trang thai chuyen tiép D5, D7 va sin pham D6, D8 tuong {mg.

Luu y: Phai v& 16 su phan bd trong khong gian ciia cdc nhom nguyen tir va dung ky hiéu lién két du
dé minh hoa su tao thanh va dit ra cia céc lién két & trang thai chuyén t1ep D5 va D7.

Hudng dén chdm: Méi cong thirc cu triic diing dugc 1/8 diém ‘
I 2|t

"

—1I

trans-(R,R)-D

H  tHo
D7: CyqHysNO D8: cis-(S,R)-CaqHisNO
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* 4.2 Ho'p chét thién nhién (+)-fasug1at1ne thugc nhém lycopodium alkaloid dugc gido su Rychnovsky va
cdng su tong hgp ndm 2016 tir (R)-3- melhylcyclohexanone theo so db dudi day.

Vé cong thirc cdu tgo cc chét va tiéu phén trung gian tir D9 dén D16.

(8/8 diém)

Cho biét: D14 va D15 chira ba vong; D16 chira 4 vong, chira déng théi nhém iminium va enamine;

- L1aky hi¢u phéi tir hitu co.

Huedng déin chdm: M6i cong thire cu tao ding duege 1/8 diém.

Me

o)

oTBS
D10: C17H3002Si

oTBS
Me Me j’
~ IBX, DMSO D 7
—_—
o s 0 EL,AIC], toluene
D9: C7H1DO
. OTBS
'BuOK, CHBrs \;;Cﬁ(g: AgCIO; CaCO;

0]

Me
Br

(0]
D12: C12H158f02

P E D11ZC13H3QBTZO2Sil

0
w NHBoc
‘ —Boc
N< “Me

D14: Cz7H45N205

S ) Boc., A~ .

i et AR NHBoc | 1, N™ “Cu(L)Li
g Me s

9-BBN TMSCI, THF
PdClz(dppf) AsPhs ) 2) K,CO3, MeOH

052003 >

) D13: 020H31N04
I 0

(+)CSA o-DCB "NH, It

165 °C

5 HN’Me gt |
',f D15; C17H29N20 15

' D16: CagHpzNs"

e

o) Me
Y

o\

AcO.ELN L HIV T
. H L/
. N
WMo

(+)- fastigiatine :'
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4.3. Hop chét D25 1a chét chia khéa dé téng hop hopeanol va hopeahainol A D25 dugc nhom clia gido ¢ .
Nicolaou téng hop nim 2009 theo so dd dudi day.

V& céng thirc cdu fgo cic chét va tidu phén trung glan tr D17 den D24. T . (8/8 diem)

Hudng dén chdm: Méi cong thirc cdu tao dung duge 1/8 diém. Neu thi sinh vé cdu tao ciia D19 va D24 ¢
dang cation benzylic Ihx van cho du diém.

o
HooC ohe

1) MeO—@‘MQBf

OMe
-10°
OMe THF,

’ | -

oM
DCC, DMAP, CH,Cl, 4 2) TBAF, THF, 0°C
TBSO g OTBS

TsOH
CH,Cl,

D18: 032H3209

OMe
OMe 1) 'BUOK, THF - Ac,0
0.0 S :
O - | 2) NH,CIIH,0 DMAP, pyridine
P J .
HO OH
D20: C32H30030Me
OMe
Cl
m-CPBA i
—_—
NaHC03, CHzclz CHzclz
0°c
D22: C34H100g D23: Ca4H300s
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D24: C34H3,C1,04Sn (dang ion) _

s

s SEm B o e g e ae. Yue s o e w
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) o —
) A : N W 5.2 5.3 | Tong
Cius Y IR 5.1 0
* | 30 . [Thangdiém | 6/8 | 8/8 | 108 | 3
diem  ["piEm chim 5]

- Chuyén héa va bén tdng hop cdc hop chit thién nhién

5.1. Nim 2013, nh6m nghién ciru cua glao su Jenkinson, Pai hoc Oxford, Anh da tién hanh nghién ctu
chuyén héa carbohydrate diy D, phd bién trong thién nhién, thanh carbohydrate day L, hiém gip trong

thién nhién. Mt phén ctia nghién ctru ndy dugc trinh bay trong so dd dudi day.
V& céng thire cdu triic (khong cin vé ciu dang vong) cc chit tir E1 dén ES. (6/8 diém)
Cho biét: E4 ¢6 chita mét vong, E6 c6 chira 2 vong; E4 va E6 déu tdn tai & dang bén nhiét dong.
Huong déan chdam: Maéi cong thike céu triic diing dugc 1/8 diém.
' OH OH OH
HOH,C™ ™ . Y” "CO;Na
OH OH

Me,C(OMe), | HCI, MéOH

Me_ Me
H,S0,
Me7ko : 'MeOH
- Me Me Me .
E1: C47H2808 "+ E2: Cq4Hp404
Me  Me
- o o b - OH-
\ CHOH  HOw . LOH
LiA'H4 HO 8 4 - ; 1) Na|04, CHzClz
F2 TooF NG 2) RSO3H/H “/CH,0H
C14H2404 HO ) RSO3H/H20 HO™ O 2
Me Me oy
E3: C13H2407 » . . E4: CgH1206
HO,
o o s SO
NalOg4 \ CO,Me CF;COOCH —~
E2 —— |  oHc M/ ———— HO™ ™0™ “on
C14H2405 CH2Cl2 \X'O H,0
Me Me
E5: Cq3H2007 E6: CgHgOg
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5.2. Thong thudng, qud trinh tbng hop céc hop chét thién nhién c6 céu tric phitc tap doi hoi sit dung cée
- nhém bao V¢, sau d‘? lai phai g& nhém béo vé gy lang phi va anh huéng dén méi trudng. Nam 2007,
_ nhém nghién ciu ca gido su Baran, Vién Scripps, Hoa Ky da téng hop (+) welwitindolinone A ma

khéng qua cc budc bio vé/gd bao vé nhém chirc theo so dé dudi day.

VE cong thic cdu tao cic chit va tidu phan trung gian tir E7 dén E14.

(8/8 diém)

Cho biét: E10 khong chira hé electron = indole thom; E11 chira h¢ electron 7 indole thom va c6 hé lién

hop trai rong nhét.

Hudmg dén chdm: Méi cong thirc citu tt;zo diing dugc 1/8 diém.

Me

LiIHMDS, [Cu(l)]

Meo

/
cl

~NH

Me
E7: ConzzClNo

==

HCO,H, COMT;

©

COCl,, Et;N

tautome hoéa

2) NaBH4CN, NH,OAc

DDQ

——r Y

‘Me -

| Er2 Gt

Me

chuyén vi sigmatropic

5y -l.VIe,"A
E13: Cy1HxCIFN,0

E14: CoyHaz

CIN,O*

H,0, THF, 0°C

XEFs

H,0, MeCN

(+)-welwitindolinone A
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53. Nam 2019, nhém nghién ciu ctia gido su Rawal, Pai hoc Chicago,

(-)-ambiguine P theo so dd dudi day.
V& cong thire céu tao céc chat tir E15 dén E24.

-~

Hurdmg ddn cham: Mbi céng thirc ciiu tao ding dwgc 1/8 diem.

KHMDS, THF, -78 °C;

PhNTY,

xr
Me

(0]
Me Me

E16: Cquoo

E18: 025H31 NO

Me

E15: C13H17F303S

X

”
.

i

Hoa Ky da tong g
(1078 diémy

OEt
SHBU3

Ve Pd(dppf)Cl, Cul, LICI, DMF, 40°C;

oTf

KHMDS, TBSCI

THF, -78°C

' BFyeOEt,, MeOH

HCVH,0, CH,Cl;

NS
Me
oTBS
Me

E17: CgoH340Si

TMSOTf
CH,Cl, , -78 °C

Me/ » .
Me 0 .
' N Me
NH Me

.CH,Cl,,0°C

DDQ

THF/H0

Boc,0; Et;N, DMAP |.

CH,Cl

-H,0

LIAIH(OMe),

THF

E24: Cstng

NBS, H,0

CH,Cl,/pyridine
-40°C

MeONa/MeOH

THF, t°

(-}-ambiguine P
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Ciu6 - | Y  |61]62a[62b]63a]63b]|63c]63.d]63.d| 63.c | Tong

4,0 Thangdiém | 8/8 [ 4/8 | 4/8 | 178 | 358 | 173 | 48 | 3/8 | 4/8 | 40
diém Piém chim

~6.1. Cac kim loai dién hmh nhu K, Na,... dgc biét dén bai tinh chét dic trung 1a nhudng electron trong
khi céc phi kim dién hinh nhu F, Cl,...dugc biét dén bai tinh chit dic trung 14 nhén electron. Cho biét cdc
gia trj thuc nghiém sau day duge xac dinh cho cac nguyén tir K va F ti do & trang thdi co ban.

K(g)+e = K(g) AH?,, =48 kKJ mol™
K(g) - —K'(g) AHy,, =+418 kJ mol”'
F(g)+e —F(g) " AH%,, =-328 kI mol™'
" F(g)-e —F'(g) AHS,, =+1681kJ mol™
Nhimg pi'lét biéu nio sau day la ding? Tich ddu “x” vao 6 [] img véi phat biéu ding kém theo 1oi giai

thich. .
(8/8 diem)

] Nguyen tir K dé nhén 1 electron hon 14 nhudng 1 electron.
Giai th|ch Do bién thién enthanpy clia qua trinh nhén electron &m trong khi qua trinh nhdng 1a duong

x] Nguycn tir F dé nhén 1 electron hon 14 nhudng 1 electron.

Giai thich: Do bxen thién enthanpy cua qua trinh nhén electron 4m trong kh1 qué trinh nhudng 1a duong.
g wty

[]Bién thlen enthalpy chun cua phan ung K(g) +F(g) — KF(g) 1a 90 kJ.

Giai thlch

] Bién thlen entha]py chuan cua phan ung K(g) + F (g) — KF(g) la 1633 kJ.
Giai thlch :

6.2. Nha'héa hoc James Dye thudc dai hoc bang chhlgan tim ra mot phuc chit méi béng cach thuc hién
phan 1 ung sau:

" 2Na + C20H3606 = ma(Conseos)]Na

a) Dién tlch duorng trong cau an [Na(Cony,Os)] tap trung chu yeu o nguyen tur nao'7 Giai thlch (4/8
dlem) i'"‘."" : : -

0 I T

i
Nguyén Itl'rNa R

Gii thich:
Trén nguyén tir Na vi ddy 1a nguyén tir nguyén t6 ¢ dd 4m dién nho nhit.

b) Bé xu_a'it mot _con.dtibng hinh thanh anion Na™ trong phirc chét trén. _ - (4/8 diém) 1

| Pé xuat: ST £ . | 3 . l
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(Néu hoc sinh chi néuNa nhén electron thi khong cho diém).
6.3. Xét so d chuyén héa cua tetrasulfur tetranitride (SsNa):-

| Anion Na~ hinh thanh béi qué trinh nhén electron tir nguyén tir Na trong cau nol. X i

trime héa
X2
) X1 osec
SnClz HgFZ
EtOH CCly lanh
. S4Ny4
[n-Bu4N]N3 ASFS
EIOH  SO())
[n-Bu4N]+X4 X52*[AsFgly”

Biét: S4N4, X2, X3, X4" va X5 ¢6 cAu tao mach vbng véi céc nguyén tir nitrogen va luu huynh luin
phién. X1 chi chira mét nguyén tir luu huynh. Méi tiéu phan X3 va X5%* chita bon nguyén tir luu huynh.
Hai tiéu phin X2 va X4~ chira cing s6 nguyén tir luu huynh. Phin trim khéi luong Iuu huynh trong mt
s6 tiéu phan duoc cho trong bang sau:

Tiéu phan X2 X3 X4 X5*
% m(S) 49,23 68,09 69,57 69,57
Cho:H=1,0;N=14,0;F=19,0; S=32,0; Zy=1; Zn=7; Zr =9; Zs = 16.
a) V& céu tao ciia X1. Biét luu huynh 1a nguyén tir trung tam. (1/8 diém)
Cau tao ciia X1:
NES\
F

b) Dit kién pho cho biét phén tir X2 chi chira mt loai nguyén tir flourine (nghla la cdc nguyén tir flourine
c6 vai trd twong duong nhau). V& mét cong thirc cong hudng bén nhét va cdc cdu tric 6 thé cé cia X2.

(3/8 diém)
Cong thirc cong huong cia X2: - (1/8 diem)
F N F '
\T/ \IS/
INSU-  UN:
N
| 2 : F ' 2
Cic ciu triic ¢6 thé ciia X2: (2/8 diem)
: F
S e B : ; E
e I
T va : . \‘\\.N‘/l, \
. \F \N,—/‘f..‘“\~sN;
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“27' ¢) V& cdu tao cita X3 Biét do da1 cdc lién két S-N trong X3 nhu nhau. (1/8 diém)
[fau tao cia X3 '
e
7N > Nl\_{ .
e \ / Gie
HN\S/ o
d) V& mot cong thirc cong hudmg bén nhit va vé chu tric cia X4~ va X5, (4/8 diém)
‘Cﬁng thirc cong hudng caa X4~ - , (1/8 diém)
. : ) '-‘_ 2 . : . g
- T/ X T :
, 1§ ©-_S:.
Ciu tric.ciia X47: . " (1/8 diém)
;- | | : TT :
1 H S:
. S\N/ .
10e
b2, i :
Cong fhlfc_é@ng hlféng'cﬁa X52: . (i/8 éié'm)
g B \@
Rl N
)
Chu tric cia X5 U8 didm)
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