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Chuc cac ban c6 khoang thoi gian 1y thii va bo ich véi cac phan cau hoi dudi day!
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Phin I. Kién Thirc Héa Hitu Co Bao Quat

Phan &rng dong vong ctiia epoxynitrile va irng dung

Nam 1974, nhém nghién ctru cta gido su Gilbert Stork & Pai hoc Columbia da khao sat qua trinh
dong vong ciia cac dan xuit epoxynitrile, trong d6 ¢6 qué trinh dong vong cta hop chat 1 sau.

CN KHMDS CN
O ’/ HO
benzene, reflux

1 2 2

Trong phan ung trén, trai v6i dy kién, nhdm nghién ctru chi thu duoc duy nhat san pham trans-
cyclobutane 2 thay vi cyclopentane 2°.

Cau 1. Dé xuét co ché chuyén hoa 1 thanh 2. Giai thich sy tao thanh dong phan trans trong phan
ung trén.

Cau 2. (Dya vao thuyét orbital) Giai thich su tao thanh chon loc ddng phan cyclobutane 2 thay vi
cyclopentane 2°.

Stork va cong sy dd Gng dung su chon loc trén vao qua trinh téng hop (%)-grandisol, mot
pheromone thu hiit ban tinh tim thiy trong loai bo canh cimg chau My duc (Anthonomus grandis).

Qs
OTHP  |iHMDS DIBAL-H N2H4 Cro, PhsP=CH,
R, — - 5 6 -7 —— 8
KOH, EtOH
CN benzene, 0 °C A
3

Cau 3 Pé xuit ciu tric cta cac chat chua biét (4-8).
CAau 4. Tir 5-heptenenitrile, hiy dé xuat cach tong hop 3.

(Luu y: Ching tdi khong ki vong céc ban s& c6 thé dua ra cau tra 10i hoan hao cho phan cau hoi
nay. Muc dich chinh ctia phan cau hoi nay la dé mentors c6 cai nhin tong quan vé mat bang kién
thae chung cua céc ban)
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Phin I1. Héa Polymer (Polymer Science)

Bai doc co lién quan:

1) Chamas et al. Degradation Rates of Plastics in the Environment. ACS Sustain. Chem. Eng.
2020, 8, 3494—-3511. https://dx.doi.org/10.1021/acssuschemeng.9b06635

2) Wei et al. Possibilities and Limitations of Biotechnological Plastic Degradation and Recycling.
Nat. Catal. 2020, 3, 867—871._https://doi.org/10.1038/s41929-020-00521-w

3) Danso et al. Plastics: Environmental and Biotechnological Perspectives on Microbial
Degradation. Appl. Environ. Microbiol. 2019, 85, 1-14. https://doi.org/10.1128/AEM.01095-
19.

Ké tir khi loai nhua nhan tao dau tién (Bakelite) duoc phat trién vao dau thé ki 20, thé gisi da
chtng kién nhitng budc tién vugt bac trong viée nghién ctru va san xuat nhua nhan tao dé phuc vu
moi nhu cau trong cudc sdng clia con ngudi. Mdi nam, hang ngan loai nhwa duoc san xuét & quy
mo cong nghiép voi tong san lugng toan cau 1én téi 350-400 tricu tan. Cac san pham nhya dugc
wa chudng vi gia thanh ré, nhe, bén, d& gia cong, va cé nhiéu tinh ning doc dao co thé dé dang
diéu chinh tiy theo nhu cau sir dung.

Dua vio cac bai doc dinh kém, cAc ban hay tra 101 cac cau hoi dudi ddy. Vui long ghi kém so trang
trong bai doc ma ban tim thay thong tin nay, vi du nhu “(ACS Sustainable Chem. Eng., p3496)”.

Cau 1. Ké tén 5 loai nhya phd bién nhét hién nay.
Cau 2. Tai sao nhua nhan tao thuong duoc goi la “plastics™?

Rac Thai Nhwa

V&i viée san xuét va st dung nhya véi $6 luong khéng 16 cho moi nhu ciu cua cudc séng, con
ngudi dang tao ra mot mdi hiém hoa cuc 16n cho maéi truong. 6 14 boi vi khic véi rac thai hiru
co, da sd céac loai nhua cuc ki bén, udc tinh c6 thé mat dén hang chuc téi hang triéu nam dé hoan
toan phan ra trong diéu kién tu nhién. Do do, bén canh viéc tao ra céc loai nhwa méi, cac bién phap
xtt 1y rac thai nhya cling 12 mot vu tién hang du cta nganh nghién ctru nhya véi tap trung chinh
vao cac bién phap phan rd va tai ché nhya.


https://dx.doi.org/10.1021/acssuschemeng.9b06635
https://www.nature.com/articles/s41929-020-00521-w
https://doi.org/10.1128/AEM.01095-19
https://doi.org/10.1128/AEM.01095-19
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Dua vao cac bai doc dinh kém, cac ban hiy tra 10 cac cau hoi dudi ddy. Vui long ghi kém sb trang
trong bai doc ma ban tim thiy thong tin nay, vi du nhu “(ACS Sustainable Chem. Eng., p3494)”.

Cau 3. Liét ké cac con dudng chinh dé phan ra va tai ché nhya va it nhit mot thach thirc/kho khan
ciia mdi con dudng nay.

CAu 4. Phan tich 1 vi du cho méi cach thirc phan ra va tai ché nhya & Cau 3. Trong mdi vi dy, néu
tén loai nhya, cac dic diém quan trong vé cu trac phan tir cia nhya, va miéu ta phuong thirc phan
ra.
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Phin III. Xuc Tac Sinh Hoc (Biocatalysis)

Bai doc co lién quan:

1) McLaughlin/ Kong et al. Enantioselective Synthesis of 4’-Ethynyl-2-fluoro-2'-deoxyadenosine
(EFdA) via Enzymatic Desymmetrization. Org. Lett. 2017, 19, 926-929.
https://doi.org/10.1021/acs.orglett.7b00091

2) Huffman et al. Design of an in vitro Biocatalytic Cascade for the Manufacture of
Islatravir. Science. 2019, 366, 1255-1259.
https://science.sciencemag.org/content/366/6470/1255

Quaé trinh xUc téc (catalysis) 14 qua trinh thay d6i tdc d6 cia mot phan tmg héa hoc nho vao su
tham gia ciia mot chat thém vao goi 14 chét xiic tac (catalyst). Diém dic biét ctia catalyst 14 catalyst
khong bi mat di trong qua trinh phan Gng. Xiic tac sinh hoc (biocatalyst) 1 nhitng chét xuc tac c6
san trong tu nhién, vi du nhu enzyme, thuc hién nhiing bién do6i hoa hoc trén cac hop chét hitu co.

Viéc sir dung biocatalyst trong cong nghiép san xuat da duoc van dung tir 1au. Vi du dién hinh 13
nganh cong nghiép thuc pham va bia ruou st dung chiét xuat ctia hat dai mach dé chuyén hoa tinh
bot (starch) thanh duong (sugar). Nam 1835, nha khoa hoc Berzelius phat hién ring trong chiét
xuat hat dai mach c6 nhém enzyme diastase, 1a xtic tdc chinh cho qué trinh hydro hoa tinh b6t
thanh duong dextrin.

Trong nhitng nam tr¢ lai day, biocatalyst dugc ap dung rong rai hon trong NH,
cong nghiép san xuét, dic biét 1a nganh héa dugc pham (pharmaceutical </N , Ny
industry). Nhiéu cong ty dugc pham str dung chit xuc tac sinh hoc dé phat HO/\@,N N&kF

trién va nghién ctru nhitng thubc méi, ddng thoi sir dung trong san xuat hang A
loat nho tinh hiéu qua cao cia xuc tac sinh hoc trong nhitng phan tng hoa HO"
hiru co. Mot trong nhitng thanh tyu tiéu biéu gan day 1a qua trinh tong hop

thudc Islatravir, mot loai thudc dugce danh gia 1a co tiém nang trong viéc chira bénh HIV, cua
cong ty duge pham Merck & Co. Thyc chat, Islatravir da duoc Merck mua lai ban quyén nghién
ctru vao nam 2012, va dén nam 2017, 1an dau tién Merck cong bd phuong phap tong hop trén tap
chi Organic Letters voi téng cong 16 budc diéu ché.lM Trong do, chi c6 mdt budc st dung xuc tac
sinh hoc. Vao nam 2019, trén tap chi Science, Merck cong bd qua trinh tong hop Islatravir hoan
toan dung chat xtic tac sinh hoc va rat ngan chi con 3 budc diéu ché.?!

Islatravir

Cau 1. Cac ban hiy doc bai bao xuat ban nam 2019 trén tap chi Science va d& xuat co ché chuyén
hoa 5 thanh 1 (bo qua su hinh thanh cua cac trung tdm carbon bit dbi ximg (i.e., ignore
stereochemistry in this transformation)).

Cau 2. Qua hai qué trinh tong hop trén, cac ban hiy dua ra su so sanh giira chat xuc tac hoa hoc
va chét xuc tac sinh hoc? Uu/nhuoc diém cta nhimng loai xtc tac nay 1a gi?

Céau 3. Hay tim mot vi du khac dé so sanh hiéu qua xuc tac sinh hoc so vo1 xuc tac héa hoc. Cac
ban hdy trich ddn nguén (néu sir dung).


https://doi.org/10.1021/acs.orglett.7b00091
https://science.sciencemag.org/content/366/6470/1255
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Phin IV. Cau Héi Luin

Cau 1. Trong hai thé ky vira qua nong d6 khi CO; trong bau khi quyén di tang 1én mot cach chong
mit tir 270 ppm (phan triéu) 1én dén 401.3 ppm. CO, cing véi nhiéu khi hiru co khac (CH2Cly,
CCls, NOx...) 14 tac nhan chinh gay nén sy bién d6i khi hau toan ciu va gay ra nhiéu hau qua kho
ludng 18n bau sinh quyén cua trai dat. Nghiém trong nhat 13 viéc gdy nén su nong 1én toan cau.
Trai dit thuong diéu phdi viéc nong 1én toan cau nay bang cach sir dung dai dwong dé hap thu
nhiét tir bau khi quyén. Tuy nhién do luong nhiét ting qua nhanh trong vong hai thap ky qua, viéc
diéu phdi ty nhién nay tré nén kho khin va mat kiém soat. Piéu nay dan dén muc nudc bién ting
cao do biang tan ¢ hai cuyc. Khong chi vay, nhitng bién chuyén trong mat nhiét dia cua dai duong
nay dan dén viéc bién doi moi truong séng ctia nhiéu loai sinh vat trén trai dat, dac biét 1a sinh vat
song dudi bién, gay ra su diét vong ctia nhiéu loai sinh vat va vi sinh vat. Viéc tim ra giai phap dé
giam thiéu lugng khi thai néi trén, dic biét 1a COp, 12 van dé cap bach ctia khoa hoc. C6 rat nhiéu
phan tng co ban trong hoa hoc ¢6 thé ding dé chuyén d6i CO2 tir mot khi thai nha kinh sang cac
chat hitu co hitu ich c6 thé duoc ding 1am tac chat trong cac phan tmg dé tao dau khi hoic 1a cac
hoéa chat hitu ich cho cudc song.

Ciau héi: Dya vao cac kién thirc da dugc hoc trong 16p, cac ban hily dé xuat mot giai phap dé giam
thiéu ndng do khi CO; trong bau khi quyén va chuyén d6i né thanh mot san pham c6 ich cho cudc
sdng? Hay giai thich tai sao ban lai chon san pham trén va diéu gi khién né 1a mot san pham co ich
cho xa hoi bang cach néu 1én vi du cu thé vé cach sir dung san pham trén? (150-200 tir)

Cau 2. Ching ta dang song trong thoi dai cia may tinh va ki thuat s6. Cudc cach mang 4.0 1a c6
that. N6 da, dang va sé thay d6i cach chung ta sinh sdng va 1am viéc. Hoc may (Machine Learning
- ML) va Tri thong minh nhéan tao (Artificial Intelligence - Al), sy tu hoc hoi cia may tinh da
chtng t6 tam quan trong ctia n6 trong nhiéu linh vye, tir san xuat, cong nghé thong tin, bao mat,
quan su, qudc phong... Udc tinh nam 2017, Lau Nim Géc ciia My di dau tu hon 10 ti USD cho
cong nghé Al quan su. Tinh dén bay gid, theo dit liéu VentureScanner, dd c6 hon 45 ti USD dau
tu cho hon 2000 cong ty trén 72 qubc gia dé nghién ctru phat trién Al trong moi linh vuc. V&i mot
xu hudng dau tu va phat trién manh m& cho ML & Al nhu vay, mQt nguodi co thé tu hoi: ML & Al
da gitp ich dugc gi cho nghién ctru khoa hoc néi chung va hoa hoc noéi riéng?

Trén khia canh tong hop hoa hoc, dé c6 thé tich hop hiéu qua cac yéu té can xem xét, nguoi ta str
dung phuong phap chuyén hé thong co s dit liéu hoa hitu co thanh hé théng mang ludi hoa hiru
co. Sau day la so lugc qua vé hé théng nay, va mot vai két qua dat duogc.

Tinh tir ddu thé ki 21, mot nhom nghién ctru ¢ Ba Lan di thiét 1ap hé théng mang ludi dit liéu hoa
hitu co va dén bay gid da xay dung dugc mot mang ludi cho mudi triéu chit hitu co cling v6i mot
s6 luong tuong tu cac phan tmg. Con sb khong 16 ndy con nhiéu hon ca cac chit chuyén hoa trong
co thé con ngudi.
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Figure 1. (a) Mot phan nho cta “vii try” mang ludi héa hiru co (tim 5500 diém nat). Vi tru that sy 16n gp
1200 1an va duoc udce tinh gip 1000 1an mang ludi trao d6i chét clia con nguoi. (b) Miii tén phan (mg duoc
t6 mau theo cac ndm lién quan cac chit “hot” dugc 1an dau téng hop (nhu Penicillin V vao nim 1960). (c)
Biéu db sd nut ing véi cac s 1an “di vao” (kin, dugc sinh ra trong phan tmg) va “di ra” (Kou, chat khoi dau
cho mgt phan ng).

Vi¢e st dung hé théng mang ludi nay cang tién hon khi ta can thém céc thong tin va cac phan ung,
vé chon loc 1ap thé, gia ca, cac phan Gmg nao dugc wu tién, tranh cac chat bi kiém so4t. .. Tham chi
néu chat can tong hop chua dugc cong b, cling gidng nhu mot dia diém can dén khong c6 trén
ban dd, hé thdng co thé ngay lap tirc st dung céc thuat toan d biét dya trén cac diém twong dong
(diéu nay da duoc phat trién tir rat 1au) véi mot chat da biét, tir d6 dé xuat phuong an hop 1y.

Hay xét vi du mot chat don gian 1a ketoprofen trong hinh sau. May tinh c6 thé dé xuét ra nhiéu
phuong an kha thi khéc nhau dua trén cac tiéu chi khac nhau. Con dudong mau do la con duong
duoc du doan c6 gia thanh thip nhét, cac phan tng chi thu mot san pham. Con duong nay loai bo
viéc st dung nhiéu chat thong dung hay thdy nhu benzaldehyde, benzoyl chloride va
ethylbenzophenonpropionate, va cach tong hop dé xuit boi may tinh rat sat voi cach tong hop
ketoprofen di duoc ding ki ban quyén cua cong ty Rhone-Poulenc. Con duong mau xanh 14 thi
dwa trén tiéu chi loai bo cac chét bi kiém soat chit ch& (cac chit khoanh tron mau vang). Con
duong mau hdong gidi han chi sir dung nhimg phan Gmg dwoc cong bd tir sau 1998 dé tranh cac
phan tng diéu kién qua khic nghiét. Con dudng mau xanh duwong giam thiéu cong stc can phai bo
ra dé téng hop nén san pham (it budc) nhung lai bat dau bang hai chit bi kiém soat. Bang cach
thém yéu t loai bo chat bi kiém soat chit ché, con dudng mau xanh duong chuyén thanh con
duong mau vang. Con duong mau xam 12 mot dap an khac khi loai bo mot vai chét thong dung
(benzaldehyde, 3-chlorobenzophenone va 3-methylbenzophenone) va ciing sat véi mot cong bd &
Y ndm 1992.
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Bén than cac thuat todn ap dung cho ML ciing c6 thé duoc ung dung cho du doan két qua phan
ung. Nam 2018, nhém nghién ctru cta gido su Abigail Doyle & DH Princeton da stir dung mé hinh
random forest (mdt thuat toan ctiia machine learning) dua vao cac dir liéu thu dugc ctia phan g
chuyén ddi alcohol thanh dan xuét fluoride tir nhitng cAu trac d3 biét dé dy doan hiéu suét cua chat
chua biét. Hiéu suét thuc té thu dugc rat sat voi nhimng gi du doan. (Chi tiét xem tai: Doyle, A.G.
“Deoxyfluorination with Sulfonyl Fluorides: Navigating Reaction Space with Machine Learning”
J. Am. Chem. Soc. 2018, 140, 5004—5008).

Vi thé cia ML & Al ngay cang quan trong trong dai dich COVID-19 khi cic nghién ciru tim ra
thudc chita tri va vaccine 1a mot cudc dua gidi ctiru nhan loai. Céac dir li¢u thuc nghiém trong phong
thi nghiém khi nghién ctru thudc chita trj va vaccine 1a mot “mé hdn don”. Khi co rat nhiéu yéu tb
dong gop vao két qua thuc nghiém thi ML & Al thyc sy 1a mot cong cu manh mé dé c6 thé tim ra
moi lién két giita cac dit liéu trong “md hdn don” dy, tir diy du doan chinh xéac thanh phan s& kich
thich co thé tao ra khang thé. (Poc thém https://doi.org/10.3389/frai.2020.00065)

Cau héi: Cau trac sau 1a mot ciu tric duoc mot chuong trinh Al dé xuét. Poc bai viét v&é ML va
Al trong tong hop hoa hoc trén (ciing nhu cac tu liéu tham khao va nhitng ngudn tu liéu cac ban
c6 thé tim duoc) va nhin cdu trac dé xuat, theo ban, ML & Al trong tuong lai c6 thé thay thé cac
nha hoa hoc trong cac nghién ctru hda hoc dugc khong? Vai tro cia cac nha hoa hoc trong thoi dai
s6 1a gi? (150-200 tir)

«} I
H2N SH\N /


https://doi.org/10.3389/frai.2020.00065
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Tham khdo thém:

1) https://spectrum.ieee.org/artificial-intelligence/medical-ai/what-ai-can-and-cant-do-in-the-
race-for-a-coronavirus-
vaccine?fbclid=IwAR2Vr2LdZL ZmsgGhhutNuuAsFbJYqEMW?2D8z0otQ YWSJIX4ScGNFA
7_Bv4uUTl

2) https://healthitanalytics.com/news/new-initiative-uses-artificial-intelligence-for-vaccine-
development?fbclid=IwARO_9WGi-
khHrgXYBzxmKCh1tFPMni4ludJl KRL81u90c51vOBFEsZ2dD4

3) https://www.nature.com/articles/s41586-020-2855-y

4) https://youtu.be/p8bZ65HWPJE

Cau 3. Néu ban tré thanh nha hoa hoc, van dé nghién ctru nao lam ban cam théy hting tha nhét?
(Cau hoi goi y: Hiy trinh bay ngén gon vé tinh trang thuc tai cia linh vure nghién ciru do, giai thich
1y do ban quan tdm dén linh vyuc nay, c6 nhitg van dé gi chua duoc giai quyét va dua ra phuong
hudng giai quyét ciia ban.) (150-300 tr)

(Luu y: Cau hoi nay khdng bt budc, tuy nhién chdng tdi khuyén khich céc ban chia sé quan diém

trong cau hoi ndy dé cac headmentors va mentors hiéu rd hon vé cac ban va diéu chinh chuong
trinh cho phil hop nht)
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