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LOI NOI PAU

T6ng hop hitu co 1a mét linh vuc ¢6 lich st 1au doi va vai trd quan
trong trong doi séng véi viée san xuét cdc san pham hitu co da dang,
chét luong va dap tng duoc nhu cau cta xa hoi. Cong nghé téng hop
cdc hop chat hitu co doi hoi nhirng hiéu biét siu rong vé héa hoc dic
biét 1a hdéa hoc hiru co, cac phuong phap tao mach carbon, phuong phap
chuyén héa nhém chirc, phuong phap tong hop lap thé, phuong phéap
phan 1ap va tinh ché cic hop chat hitu co duoc thé hién thong qua quy
trinh tong hop nhiéu giai doan v&i hang chuc budc ndi tiép nhau va cic
diéu kién tong hop phirc tap.

Nhim gitip ngudi hoc hé thdng dugc kién thirc tong hop cdc hop
chit hitu co mot céch sidc tich va khoa hoc, ching t6i bién soan gido
trinh Tong hop hiru co dé 1am tai lidu hoc tap hoc phan niy & bac Pai
hoc, nganh Héa hoc. B6 cuc ctia gido trinh gdm 7 churong:

Chuwong 1: Khai quat ve tong hop hitu co, véi ndi dung tap trung
trinh bay céc budc thiét ké tong hop va quy trinh phan tich téng hop
nguoc hop chit hiru co.

Chuong 2: Phuong phédp tdng mach carbon va gidm mach carbon,
v6i ndi dung tap trung trinh bay cic phan tng alkyl hoa, acyl hoa, ngung
tu dé tang mach carbon va phan tmg cracking, decarboxyl héa, haloform,
oxi héa, thodi phan Hoffmann, Hunsdiecker dé giam mach carbon.

Chuwong 3: Phuong phdp dua nhém chirc vao phan tir hop chat
hiru co va sy chuyén héa giita chiing, véi ndi dung tap trung trinh bay
phuong phdp dua nhém chic vao phan tir alkane, alkene, alkyne,
hydrocarbon thom, di vong thom don gian va chuyén héa twong hd gitra
cdc nhém chirc trong phan tir dan xuét halogen, alcohol va phenol,
aldehyde va ketone, carboxylic acid va din xuét, amine.

Chuong 4: Phuong phdp dong vong va md vong, voi ndi dung
trinh bay cdc phuong phép dong vong ndi phén tir, cong hop vong, vong
héa vong electron nham tong hop cic hop chat hiru co mach vong va
phuong phép khir héa, cong hop, sir dung mot sd tdc nhan khdc dé tao
hop chét hitu co mach hé tir hop chat hitu co mach vong.

il



Chwong S5: Phuong phdp bdo vé nhém chue, voi ndi dung tap
trung trinh bay phuong phép bao vé cdc lién két C-H cuia hop chét thom,
alk-1-yne, hop chat béo va bao vé cdc nhém chirc alcohol, carbonyl,
carboxyl, amine.

Chuong 6: Phan tng oxi héa va khir héa trong tong hop hiru co,
voi ndi dung trinh bay cdc phan ung oxi hoa va khur héa hop chat
hydrocarbon va dan xuat hydrocarbon.

Chuwong 7: Su chuyén vi, voi ndi dung trinh bay céc chuyén vi
dén nguyén ti carbon, nitrogen, oxygen thudc chuyén vi 1,2
nucleophile, chuyén vi 1,2 electrophile, chuyén vi déng ly, chuyén vi
tir nguyén tir oxygen va nitrogen vao vong thom trong tong hop hitu co.

bac biét, gido trinh tap trung bién soan quy trinh tong hop cac hop

chat hitu co mang tinh thyc té, gan gili véi cudc song tir nhiéu nganh

cong nghiép nhu duge pham, huong liéu, my pham, héa chat bao vé

thyc vat, hop chat cao phan tif,... dwgc thé hién & cdc vi dy, bai tap van

dung va ndi dung 6n tdp cua timg chuong dé gitip ngudi hoc hiéu duge
su van dung 1y thuyét vao thuce tién téng hop céc hop chat hitu co.

Chung tdi hy vong gido trinh nay s& dap ing dugc yéu cau cia
nguoi hoc va la tai li¢u tham khao hitu ich cho dong nghiép, doc gia.
Trong sudt qud trinh bién soan, mic dii di c6 nhiéu cd ging nhung
khong thé tranh khoi nhiing thiéu sét. Nhém téc gia mong nhan dugc
nhiéu ¥ kién nhan xét ciia ban bé dong nghiép, anh chi em sinh vién va
cic doc gia dé gido trinh ngdy cang hoan thién hon. Moi ¥ kién dong
g6p xin gui vé dia chi email: dttvan@ued.udn.vn.

Pa Ning, thang 03 nam 2024

Nhom tdac gid
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Chwong 1
KHAI QUAT VE TONG HOP HUU CO

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc thuc hién duoc:
1. Cdc bude thiét ké tong hop cdc hop chat hitu co.
2. Quy trinh phén tich téng hop nguwoc cdc hop chdt hitu co.

1.1. Pham vi va y nghia ciia tong hop hiru co
1.1.1. Pham vi ciia tong hop hitu co

Ké tir khi ra do1 vao nam 1828, linh vyc téng hop hitu co di va
dang phat trién dé tao ra cac san pham hiru co ngay cang phic tap, da
dang, hitu ich, dap (g nhu cau cudc séng. Su phit trién cta cac phuong
phép thuc nghiém héa hoc da kham phd cc hop chét ¢ trong ty nhién
nhu urea, quinine, morphine va strychnine vao cudi thé ky X VIII va dau
thé ky XIX, dat nén mong va tao dong luc cho su ra doi cua linh vuc
téng hop hiru co. Cac san pham tu nhién dong vai tro rat quan trong
trong su xudt hién va tién bo cia tong hop hitu co ké tir khi ra doi cho
dén ngay nay. Do d6, viéc lam sdng to cau tric cua cdc san pham ty
nhién va sau d6 tong hop chung da thu hit va thach thirc cic nha héa
hoc hitu co. Nganh cong nghiép thudc nhudém va cong nghiép dugc
pham duoc khai sinh ngay sau sy ra doi cta tong hop hitu co véi viée
tong hop va thuong mai hoa chat mau mauve va aspirin, da lan luot
khoi dong cudc cdch mang tong hop cua cac nganh cong nghiép nay.
Thé ky XX da ching kién nhing tién bo rat an tugng cua cac phuong
phép tong hop méi, dua tong hop hitu co 1én cip do cao hon vé tinh
thuc tién va hiéu qua. Nhitng phuong phdp méi nay da tao diéu kién
thuan loi cho viéc nghién ctru kham phd, phat trién céc san phdm c6
chét lwong va mang lai nhiéu loi ich cho x4 hoi. Trong cdc thé ky qua,
té)ng hop hiru co da phat trién manh mé va trd thanh mot linh vuc rong
16n, bao trim san pham ciia cic nganh cong nghiép tir cong nghiép nang
dén cong nghiép nhe.



Linh vuc tong hop hitu co duoc thic ddy phat trién béi nhitng cai
tién dang ké trong cau tric phin tir va co ché phan tmg cling nhu cac
thiét bi do dac va cong cu phan tich, do d6 pham vi téng hop hitu co da
duoc mé rong cho hau hét cdc nganh cong nghi¢p. Pham vi tong hop
hiru co bi anh huong boi sy tang 1én vé tinh phirc tap cua cac san pham
hiru co cling nhu sy phat trién clia cac phuong phép tong hop tir truyén
thong dén hién dai.

Téng hop hitu co 12 mot nhanh ciia tong hop héa hoc véi myc dich
tong hop c6 chu dich céc hop chat hitu co. Mot s6 hudng nghién ctru
chinh trong linh vuc tong hop hitu co bao gom tong hop toan phan, ban
tong hop va phuong phép luan.

1.1.2. Y nghia ciia tong hop hitu co

Tong hop hitu co ¢é ¥ nghia to 16n va vai tro dic biét quan trong
trong doi sdng va san xuat. Céc san pham cta tong hop hitu co nhu do
gia dung, dugc phém, héa chit bao vé thuc vat, son, huong li€u, m¥§
pham, thudc nhudm,... mang lai gid tri st dung cao, gid thanh ré va dap
trng nhu cau ctia xa hoi.

Tac dong cua tong hop hitu co dbi véi khoa hoc va cong nghé,
cudc séng cta con ngudi khong chi ding lai ¢ linh vuc sinh hoc va y
hoc. Nhitng nd Iyc 16n trong qué trinh tong hop da cung cap dang ké
cac phan tir ¢6 hoat tinh sinh hoc phure tap va gia tri (ty nhién hodc dugc
thiét ke) cho cac nghién ciru vé sinh hoc va dugc pham. Bén canh do,
mot sO linh vye ndi bat nhu hoa hoc cao phan tir, khoa hoc vat li€u, héa
sinh hoc va cong ngh¢ nano cling da tong hop dugc cic san phém hiru
co thiét thuc, phong phd, chit luong, dam bao phuc vu nhu cu cudc
séng hang ngay ctia con nguoi.

1.2. Nguon nguyén liéu ciia tong hop hiru co
1.2.1. Ngudn nguyén liéu tir than da, ddu mé va khi thién nhién

Céc san pham thu dugc tir nganh cong nghiép chung cét than da,
dau mo va khi thi€n nhién 1a nguén nguyén li€u quan trong cua nganh
cong nghiép tong hop hitu co.


https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Organic_compound
https://en.wikipedia.org/wiki/Total_synthesis
https://en.wikipedia.org/wiki/Semisynthesis
https://en.wikipedia.org/wiki/Semisynthesis
https://en.wikipedia.org/wiki/Methodology

- Nguyén liéu tir than da: Khi chung cit khan than da trong ndi
kin, thu duoc ba phan san pham: phan khi kho ngung tu; phan
16ng gdm nhya gudron va nudc ammonia; phan cdn ran 1a than
cbe luyén kim.

+ Phan khi kho ngung tu gdm trén 50% Hz; 20-30% CHa;
5-8% CO; 0,5-2,2% C2Ha, con lai la CoHz, CO2, No,...

+ Phan nhya gudron bao gém dau nhe (benzene, pyridine,
toluene, xylene, aniline), diu trung binh phenolic (phenol,
cresol), dau nang creozot (naphthalene, creozot), dau
antracenic (fluorine).

- Nguyén liéu tir ddu mo: Pé sir dung dau mé vao cic nganh cong
nghiép khac nhau, nguoi ta phai ché bién bang cach chung cat
trong cac nha may loc dau. R4t nhiéu loai nguyén liéu co ban thu
duogc tir ddu mo di qua xir Iy nho céng nghé hoa dau. Dau mo
thd chtra nhiéu loai hydrocarbon nhu: paraffin (methane, ethane,
propane, butane, pentane, hexane), cycloparaffin (cyclopentane,
cyclohexane), olefin (ethylene, propylene, butylene), isoparaffin
va isoolefin (isobutane, isohexane, isobutene, isopentene), cac
acetylene (acetylene, alkylacetylene), aromatic (benzene,
alkylbenzene, naphathalene), ether (methyl #-buthyl ether, ethyl
t-buthyl ether, f-amyl methyl ether). Dau ctia mdi mo s& c6 thanh
phan hoa hoc khac nhau.

- Nguyén liéu tir khi thién nhién: Thanh phan cta khi thién nhién
chu yéu 1a methane va dong dang. Ngoai sir dung lam nhién
liéu thi con dugc dung lam nguyén liéu cho cic nha mdy phan
dam, san xuit methanol, san xuét ethylene,...

1.2.2. Ngudn nguyén liéu tir dong vat va thwe vat

Nguyén liéu tiv dpng vat: Mot s6 phu tang, dich co thé hay dich
dao thai cua dong vat co thé duogc st dung trong tong hop hitu co, dac
biét dé san xuat dugc pham.

Insulin dugc san xuit tur tuyén tuy, adrenaline thu duogc tur tuyén
thuong than, tir tuyén gidp heo da san xuat dugc thyroxin. Heparin dugc
san xuat ttr phoi bo; pancreatin, pepsin,... thu dugc tir da day bo, heo.
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Céc acid mat 1a nguyén li¢u san xuét mot sb thude steroid. Toc va
phu pham nhu sung, 16ng, mong la ngudn nguyén liéu san xuat
N-acetyl-L-cysteine, L-cystine va L-cysteine.

Nguyén liéu tiv thwe vit: Viét Nam 13 qudc gia c6 ngudn thyc vt
da dang, phong phii do c6 diéu kién khi hau nhiét d6i. Mot s6 ngudn thuc
vat da dugc chiét tach, phan lap, tinh ché thu dugc cac hoat chat dé sir
dung trong téng hop hru co, téng hop hoa duogc hodc dung truc tiép lam
thubc va dugc san xut & quy méd cong ‘nghiép nhu codeine, vincamine,
strychnine, rutin, berberine, rotundin, dan chat artemisinin, .

Nhu vay, tir nguyén liéu thu dugc thanh pham s& phal trai qua
nhiéu qua trinh bién d6i, nhiéu phan mg héa hoc. Két qua hinh thanh
nhiéu san pham trung gian va san pham phu. Pong thoi ciing luu y rang,
cung mot hop chét hoa hoc, c6 khi la san pham trung gian hay san pham
phu ctia qua trinh san xuat nay nhung lai 12 thanh pham hay nguyén liéu
ban dau cua mot quy trinh san xuat khac. Bén canh d6, mot s nganh
cong nghiép it khi xudt phat tir nguyén lidu ban dau don gian vi qua
trinh tong hop rat dai, phuc tap, khong kinh té. Do do, hién nay da hinh
thanh nganh san xudt san pham trung gian cung cip nguyén liéu cho
cdc nganh cong nghiép nay.

1.3. Thiét ké cac bwéc tong hop hiru co

Dé tong hop mot hop chat hiru co (phan tir chat dich) ¢6 cau trac
va thanh phan xac dinh thi cAn phai thuc hién nhiéu phan @ng hoa hoc
v6i nhiéu qué trinh héa 1y rat phic tap, lién tiép va chat ché, ciing céc
diéu kién phan tng cu thé, duoc biéu thi dudi dang mot diy cac phan
rmg hoa hoc (so d6 phan tng/so dd chuyén hoa,...).

Trong nhiéu trudng hop, can phai dung mét hay nhiéu chat tham
gia phan tng (tac nhan) 6 mét budc (giai doan) nao do. Do do, van dé
dat ra la phai tim dung loai tac nhan va s6 nguyén tir carbon ma cac tac
nhan nay can c6. Dé giai quyet van dé nay, can tap trung tim su khéc
nhau vé ciu triic hda hoc ctia phan tir chat dich va phan tir chat dau (néu
cho trudc).

Thiét ké cac budc téng hop mot hop chit hitu co (phan tir chét
dich) v6i phan tir chat dau cho trudce:



Tim sy khac nhau vé mach carbon cua phan tu chét dich va
phan tir chat dau: dém s6 nguyén tir carbon;

Tim su khac nhau vé& nhom chire/dic diém ciu tric cua phan tu
chat dich va phan tir chat dau: vé cau truc cua phan tir chat dich
va phan tir chat dau dé so sanh;

Tim lién két hoa hoc sé& bi phan cit & phén tir chat dau va lién
két héa hoc s€ dugc hinh thanh & phan tir chat dich;

Dy doan nhitng phan tng hoa hoc can phai xay ra, diéu kién
phan tng, chon loc vung va chon loc 1ap thé.

Bén canh d6, can phai luu ¥ cac van dé xuét hién khi tién hanh
tong hop mdt hop chat hiru co:

San pham phu c6 thé tao thanh va kha nang tinh ché kha thi;
Su chuyén Vi;
Su hd bién;

Su d6ng phan hoa.

Va quan tim con dudng tong hop hiéu qua nhat:

biéu kién phan ng;

Céc yéu td anh hudng;
Céch tién hanh phan ung;
Hiéu sut tong hop.

Vi du 1: Thiét ké cac budc tong hop butanone tir acetylene.

Tim sy khac nhau vé mach carbon cua phan tu chat dich va phan
tir chat dau: dém s nguyén tir carbon.

+

+

Phan tir chét dich: C4HgO.
Phan tir chat dau: C.Ho.

Nhu vay, ting thém 2 nguyén tir carbon & phén tir chat dich.

Tim sy khéc nhau v€ nhém chirc/dac di€m cau truc cua phan tr
chat dich va phan tir chat dau: vé cau tric cuia phan tu chat dich va phan
tir chat dau dé so sanh.



+ Phan tir chit dich: CH;CH>COCH;.
+ Phan tir chit ddu: CH=CH.

Nhu vy, phan tir chat dich chira nhém chirc carbonyl cia ketone,
mach hd khong phan nhanh con phan tir chat dau la alk-1-yne mach ho
khong phan nhéanh.

Tim lién két hoa hoc s& bj phan cit & phan tir chit dau va lién két
hoa hoc sé dugce hinh thanh & phan tir chat dich.
+ Phan tir chat dau: lién két 7t giita carbon va carbon s& bj phén cit.

+ Phan tir chét dich: lién két m gitta carbon va oxygen s& dugc tao thanh.
Dy doan nhitng phan tng héa hoc can phai xay ra:
+ Hudng tong hop (1):

Tang mach carbon: But-1-yne (CH3CH,C=CH) duoc diéu ché
bang phan ung thé tr CH3CH.Br va CH=CNa, trong d6
CH3;CH,Br diéu ché tr CH=CH thong qua phan tng cong
H»/Pd va HBr, CH=CNa duoc diéu ché tir CH=CH bang phan
ung thé, st dung NaNHo.

Sau do6 thuc hién phan Ung cong gilta but-1-yne
(CH3CH.C=CH) va H.O/Hg**.

+ Hudng téng hop (2):

Tang mach carbon: Butan-2-ol (CH3CH>CH(OH)CH3) duoc
diéu ché bang phan (mg cong giita CH3CH>MgBr va CH;CHO
trong mdi trudng HO/H*, trong d6 CH3;CH2MgBr dugc didu
ché tir CH;CH,Br va Mg/ether khan, CH;CHO diéu ché tir phan
trng cong cua CH=CH va H,O/Hg?*,

Sau d6 oxi hoéa butan-2-ol (CH3CH>CH(OH)CH3) b%lng
K2Cr207/H2SOq.

Tong két cac budc tong hop butanone tir acetylene duoc biéu thi
trén so d6 phan ung:



CH=CH

2+
(1) | HPa 2) ¢H20/Hg
NaNH, CH,=CH, CH;CHO
HBr
Mg
CH=CNa CH;CH,Br ——— CH;CH,MgBr
ether khan

¢CH3CH2BI’
CH=CCH,CHj CH;CH,CH(OMgBr)CH;

¢H20/Hg2+ ¢H20/H+

K2Cr207/H2SO4

CH;CH,COCH; —= CH;CH,CH(OH)CH,4

Vi du 2: Thiét ké cac budc tong hop acetylene tir ethyl chloride.

Tim sy khac nhau vé mach carbon cua phan tir chat dich va phan
tr chat dau: dém so6 nguyén tur carbon.

+ Phan tir chit dich: CoHo.
+ Phan tir chit dau: C,HsCl.

Nhu vay, s6 carbon khong thay doi & phén tir chat dich so véi phan
tur chat dau.

Tim sy khac nhau vé nhém chuc/dac diém cau truc cua phan tu
chat dich va phan tur chat dau: vé cau tric cia phan tir chat dich va phan
tur chat dau dé so sanh.

+ Phan tir chit dich: CH=CH.
+ Phan tir chit dau: CH3;CH,CI.

Nhu vay, phan tu chat dich la alk-1-yne mach ho khong phan nhanh,
phén tir chat dau 1a dan xudt alkyl halide mach hé khong phan nhanh.

Tim lién két héa hoc s& bi phan cat & phan tir chat dau va lién két
hoa hoc s€ dugc hinh thanh ¢ phan tr chat dich.
+ Phan tir chat dau: lién két C-H va C-Cl s& bi phan cit.

+ Phan tir chat dich: lién két 7 gitta carbon va carbon s& dugc
tao thanh.



Dy doan nhitng phan tng hoa hoc can phai xay ra:

+ Hudng tong hop (1):
Phan {mg thé: 1,2-dichloroethane (CHCI-CH:Cl) dugc diéu
ché bang phan tng thé gitrta CH3CH2Cl va Clz khi chiéu sing.

Phan tng tach: Acetylene (CH=CH) dugc diéu ché bang phan
ung tach tir CH2Cl-CH>Cl duoi tac dung cuia KOH/C,HsOH.

+ Hudng tong hop (2):

Phan Ung tach: Ethylene (CH,=CH>) va acetylene (CH=CH)
dugc diéu ché bang phan tng tach tir CH;CH2Cl va CHxCl—
CH>Cl tuong Ung dudi tic dung cua KOH/C,HsOH, trong do
CH,CI-CH,C] duoc didu ché bing phan tng cong giita
CH»=CH; va Cl..

Tong két cac budc tong hop acetylene tir ethyl chloride dugc thé
hién trén so do6 phan trng:

(2) KOH/C,H;OH

CH3CH2C1 CH2 CH2
(1) as
Cl, Cl,
CIH,C—CH,CI
lKOH/CZHsoH
CH=CH

Khi thiét ké cac bude tong hop mot hop chét hitu co (phan tir chét
dich) véi phan tu chat dau khong cho trudce thi st dung ky thudt phan
tich tong hop nguoc.

1.4. Phan tich tong hop nguoc

Phén tich tong hop nguoc (Retrosynthetic analysis) 12 mot k¥
thuat duoc dung dé giai quyét cac van dé trong lap ké hoach tong hop
cac hop chat hiru co. Qua trinh phan tich téng hop ngugc la qua trinh
phan cit lién két hoa hoc, dugc biéu thi bang dudng ngodn ngheo w-
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trong phén tir chit dich tao thanh cdc phan tir nhé, don gian hon va qua
trinh nay lap lai trén cac phan tir nho, don gian hon cho dén khi thu
dugc cac phan tur ¢6 san trén thi trudong.

Phan tich tong hop nguoc hitu ich cho thiét ké tong hop cac hop
chat hitu co ¢6 ciu trac phtic tap va gitp xac dinh dugc quy trinh tong
hop kha thi tir viéc phan tich va lua chon vi tri phan cét hop 1y lién két
héa hoc trong phan tir chat dich.

Mot s6 dinh hudng dé xac dinh duoc vi tri phan cat lién két & phan
tir chat dich 1a sy phan cét phai twong thich véi co ché phan tng, phan
cat trén lién két truc tiép voi di to (N, O, S, CL...), xem xét cdc qua
trinh phan cat dé tranh van dé chon loc hoa hoc c6 nghia 14 s& phan cat
nhém nhiéu phan tng trude.

So d6 phan tng dugc biéu thi b’allng mili tén phén tich tong hop
ngugc —— thé hién y nghia hop chat C duogc tao ra tir phan ing cua
hop chat A va hgp chat B:

C —— A + B

Vi du: Phenylacetic acid 12 hop chat duoc st dung trong mot sd
loai nudc hoa véi mui huong trong ty mui mat ong. Phenylacetic acid
con duge ding trong san xuat khang sinh penicillin G va diclofenac.
Ngoai ra, phenylacetic acid dugc st dung dé diéu tri giam luong
ammonia trong mau cuia bénh nhan bi bénh cao huyét ap loai II. Cac
budc phan tich tong hop nguoc phenylacetic acid:

@fﬁ 70(0H . Q/%)Hz ) @(l)( -

Synthon Synthon

l J

CH,Br o
C=N



Nhu vay, phan tir chét dich phenylacetlc acid dugc phén cit lién
két dé tao ra cdc synthon CeHsCH>® va ©COOH. Tir nhiing synthon
nay s& tim ra cdc chit va ion twong duong tham gia vao qud trinh tong
hop 1a CéHsCH,Br va °CN.

Cu thé cac budc phan tich tong hop nguoc phenylacetic acid duoc
minh hoa thong qua so d6 phan ung:

@fﬁg T0(0}1 . ©/CH2CN . Q/CHZBr
~_ N 7

H,O/H" NaCN

Synthon 12 nhitng chat ban dau 1y tuéng, gom synthon cho (phan
cuc ©, ky hi¢u la d) va synthon nhén (phan cyc @, ky hiéu la a). Tir mot
synthon c¢6 thé tim dwgc nhiéu hop chat twong duong trong thuc té,
trong s6 cac hop chit twong duong do s€ phén tich va lva chon hgp chét
phtt hop dé thuc hién qua trinh tong hop dat hiéu qua. Qua trinh phén
tich va Iya chon nay doi hoi can phai hiéu rd ban chét cc phan g hoa
hoc va thuc nghiém cta hop chat trong duong.

Vi du: Paracetamol 13 thudc ha nhiét, giam dau. Cac budc phan
tich tong hop ngugc paracetamol cho thay véi synthon ®COCH; tao ra
c6 thé tim dwoc hai hop chat trong duong 1a CH3COCI va (CH3CO):0.
Tir viéc phan tich san pham phuy ciia hai hop chat twong duong nay khi
thuc hién phan ung hoéa hoc cung véi thyc té san xuat paracetamol
thuong mai, d3 lia chon hop chét twong duong (CH3CO),0 tham gia
vao quy trinh tong hop paracetamol:
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NH-g—COCH3 NH
®
— +  COCHj
OH OH
® ——  CH,COCI
COCH;  —
——  (CH;C0),0

~ Su chuyén hoa giita cac nhom chirc (FGI) xay ra trong phan tich
tong hop nguoc giup cho qua trinh tong hop dugce thuc hién dé dang va
dat hiéu suat cao.

Vi du: Cac budc phan tich téng hop nguoc hop chat dich X ¢6 su
chuyén hoa alcohol thanh alkene, cu thé dugc thé hién thong qua so do
phén tng:

Sa Rt lon adle JUTE
’ !
Sl

Ung dung cua phan tich tong hop nguoc trong tong hop htru co:
céc hop chat hitu co quan trong da dugc tong hop trong thye té va co
nhiéu (mg dung trong y hoc, dugc hoc, néng nghiép, doi song, .. . trong
do, dac biét 1a duoc pham duoc tong hop tir phwong phép phan tich tong
hop nguoc.

Vi du: Equilenin, mdt estrogen steroid tu nhién phtc tap dau tién

duoc téng hgp bo1 Bachmann va cong sy vao nam 1940. Qua trinh phéan
tich tong hop ngugc hormone ndy dugc trinh bay trén so d6 phan tng:
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(0]

FGI ‘ OCH;
(T L
CH;0 CH-:0 CH;0
quilenin
HCI, CH;COOH (Decarboxyl hoa) CH;ONa (Dieckmann) HFGI Ag,0
2
CH3OH
(¢}
FGI OCH3 OCH;
e fon
CH;0 CH 0 O Cl CH;0
1. KOH, I CHzNz CHzNz
CH,0H FGI  2.NaOH
2. Na(Hg) 3. 80CI,
0 (¢}

L

‘ OCH,4 ‘ OCH; ‘ OCH;4
Oy LT T O
CH;0 \y CH;0

1. BrZnCH,COOCH; CH3l, CH;0Na “FGI 180°C

2.80Cl,
(@]
- %
’ O

CH;00C-COOCH;, CH;0Na

OCHj

Nhu vay, dé thue hién duoc quy trinh phén tich tong hop nguoc
va thiét ké céc bu’0’c téng hop mot hop chét hitu co thi cin phai van
dung dugc mot sé phuwong phép téng hop hitu co nhu phuong phép ting
mach carbon va giam mach carbon, cic phuong phép dua nhoém chirc
vao hop chit hiru co va su chuyén héa giira ching, phwong phap dong
vong va md vong, phuong phap bao vé nhém chirc, cdc phan trng oxi
héa va khir héa, sy chuyén vi.

12



NOI DUNG ON TAP

1.1.

1.2.

1.3.

1.4.

1.5.

1.6.

1.7.

1.8.

1.9.

Trinh bay céc bude thiét ké téng hop mot hop chit hiru co voi
phan tur chat dau cho trudc.

Trinh bay quy trinh phén tich tong hop nguoc cdc hop chat hitu co.

Tu naphthalene, tac nhan vo co va diéu kién phan ng day du, thiét
ké cdc bude tong hop va xdy dung so do tong hop B-naphthol, hop
chat trung gian duoc st dung rong rai dé san xuat thudc nhudm.

Phenyl salicylate (Salol), dugc phém c6 tac dung sat trung, dugc
st dung trong diéu tri mot sé bénh duodng rudt. Lap cac budc téng
hop va dé nghi so do tong hop dugc pham nay tir phenol, tic nhan
v6 co va diéu kién phan tng day du.

Béng phan cis-hex-3-en-1-ol (A) tao mui thom dac trung cho 14
xanh va co con dong phan cis-hex-3-en-1-al (B) 1a mot trong cac
hop chat tao miti cho ca chua chin. Be nghi quy trinh tong hop
(A) va (B) tur acetylene va hoa chét can thiét, diéu kién phan tng
day du.

Pé xuat so do tong hop chat khu truing 4-hexylbenzene-1,3-diol ti
resorcinol cling héa chét can thiét va diéu kién phan tmg day du.

Dé nghi cac bude tong hop va 1ap so do téng hop chat rira anh 2,4-
diaminophenol tir chlorobenzene va tdc nhan vo co cung dieu kién
phan mg day du.

Phan tich téng hop nguogc va xay dung quy trinh téng hqp ben;yl
benzoate, mot hop chat hittu co dugc st dung lam thuoc chong
cOn trung.

Polystyrene (PS) 1a mot loai nhya nhiét déo, c6 mau sdc tu nhién
nhu thuy tinh, dwoc st dung trong san xuét cdc san pham nhua
dung thuc phém; vo nhya dia CD, DVD; d6 choi tré em; may vi
tinh; mdy sdy téc; cdc thiét bj nha bép. Thiét ké so d6 phan tmg tir
su phan tich tong hop ngugc nhya PS.
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1.10.

1.11.

1.12.

1.13.

1.14.

1.15.

Dé xuit so dd phan tng trong phén tich tong hop nguoc thiy
tinh hitu co - poly(methyl methacrylate), vat liéu quen thudc
trong doi sdng hiang ngay ciing nhu trong cong nghiép: kinh
may bay, kinh 0 t0, kinh may méc nghién ctru, kinh xay dung;
trong y hoc: ring gia, xuong gia; trong nganh thuc pham: hi,
chén, binh,...

Dau chudi (isoamyl acetate) dugc wa chudng va st dung nhu
phu gia thuc phém nho mui thom déc trung, kich thich vi giic.
Ngoai ra, dau chubdi con dugc sir dung trong my pham véi nhiéu
cong dung khac nhau nhu duy tri d6 4m cho da, ngan ngua gau,
chdng rung téc,... Phan tich va dé nghi so d6 tong hop nguoc
san pham nay.

Pé xuét so dd phan tich tong hop ngugc mot hoat chat diing 1am
thuoc chita bénh vé hd hap dugc chiét xuat tir cdy ma hoang,
Ephedrine CsHsCH(OH)CH(CH3)NHCH3s.

Thiét ké so d0 phan tich tong hop ngugc hop chat m-
aminophenol.

Xay dung so d6 tong hop tir sy phén tich tong hop ngugc thude
chong lao (PAS) 4-aminosalicylic acid.

COOH
OH

NH,

Lap so d:(}i téng hop tir sy phén tich tong hop nguoc hop chat xa
huong tong hop 2,6-dinitro-4-fert-butyl-3-methylanisol.

OCHj
0,N NO,

CH,
C(CHj3);
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Huwong dén:

- St dung phan mém ISIS Draw hoic ChemDraw dé v& cong
thirc cdu tao cdc hop chat héa hoc ¢ nodi dung 6n tap 1.10
dén 1.15.

- Sur dung trang web https://www.nist.gov/ dé tra ctru thuat ngi,
danh phép va tim hi€u tinh chat cua cac hop chat htru co trong
noi dung 6n tip 1.3 dén 1.15.

- Tham khao kién thic phin tich tf)ng hgp nguoc
(Retrosynthetic ar}alysis) O tai liéu 7, 11 dé thuc hién cac ndi
dung 6n tap 1.8 dén 1.15.
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Chwong 2

PHUONG PHAP TANG MACH CARBON
VA GIAM MACH CARBON

MUC TIEU

Sau khi hoc xong chwong nay, nguoi hoc sur dung duoc:

1. Cdc phirong phdp ting mach carbon bdng phdn ung alkyl
hoa, phan wng acyl hoa va phan wng ngung tu dé tong hop
cdc hop chat hitu co.

2. Cdc phwong phdp gidm mach carbon bang phdn ing
cracking, phan ung decarboxyl hoa, phan wrng Hunsdiecker,
phan vng thodi phan Hoffmann, phan ving haloform va phan
ung oxi hoa dé tong hop cdc hop chdt hiru co.

2.1. Phwong phap tang mach carbon

2.1.1. Phwong phap ting mach carbon bang phan ung alkyl héa
2.1.1.1. Alkyl héa hop chit co magnesium
a) Tang mach mot carbon

- Phan ung ctia hop chét co magnesium voi hop chéat methanal,
sau khi thiy phan trong moi truong acid tao san pham 1a hgp
chat alcohol bac mot:

HCHO
RMgX — RCH,OH
H,O/H"

- Phan ung ciia hgp chat co magnesium véi hop chét carbon
dioxide, sau khi thity phan trong moi trudng acid tao san pham
1a hop chat carboxylic acid:

CO,
RMgX ——» RCOOH
H,O/H"
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Vi du: Quy trinh tong hop pentan-1-ol tir 1-bromobutane:

Mg HCHO
CH3CH2CH2CH2BI' —_— CH3CH2CH2CH2MgBr e CH}CHchchchon
C,H;0C,H; H,0/H*

b) Tang mach hai carbon

- Phan tng cta hop chat co magnesium véi hop chat ethanal, sau
khi thiy phan trong moéi trudng acid tao san pham la hgp chat
alcohol bac hai:

CH,CHO

RMgX ——» RCH(OH)CH;
H,O/H"

- Phan ung cta hop chit co magnesium voi hop chét ethylene
oxide, sau khi thuy phan trong moi truong acid tao san pham la
hop chat alcohol bac mot:

\/

0
RMgX ——» RCH,CH,0H
H,0/H*

Vi du: Quy trinh tong hop pentan-1-ol tir 1-bromopropane:

N/

Mg (0]
CH3CH2CH2BI _— CH3CH2CH2MgBr —r CH3CH2CH2CH2CH20H
C,H;0C,Hs H,0/H

c) Tang mach n carbon (n>2)

- Phan tng ctia hop chit co magnesium véi dan xudt alkyl halide
thu dugc san pham la hgp chat hydrocarbon, phan ing chi xay
ra dang ké khi c6 xtic tic CoClz (phan ung Kharash):

- Phan mg cua hop chéat co magnesium véi hop chat aldehyde,
ketone c6 s6 nguyén tu carbon 16n hon 2, sau khi thiy phan
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trong méi trudng acid tao san pham 13 hop chét alcohol bac hai
va bac ba tuong trng:
R'CHO ,
RMgX —— RCH(OH)R
H,0/H"
R'COR"

RMgX ——» RR'C(OH)R’
H,O0/H*

- Phan g ctia hop chit co magnesium vé&i din xuét ciia hop
chét carboxylic acid nhu acid anhydride, ester, acyl halide thu
duoc san pham trung gian 12 hop chit ketone va san pham cudi
cling 12 hop chat alcohol bac ba sau khi ketone sinh ra tiép tuc
phan tng v6i hop chit co magnesium:

(R'C0),0 . RMgX ,
RMgX —— RCOR —» R,C(OH)R

H,0/H" H,0/H"

R'COOR" . RMgX :
RMgX ——» RCOR — R,C(OH)R

H,O/H" H,O0/H*

R'COY , RMgX ,
RMgX ——» RCOR' — R,C(OH)R

H,0/H" H,O/H"

Vi du: So d6 tong hop 2-methylpent-4-en-2-ol tir 1-chloropropane:

KOH/C,HsOH NBS (N-bromosuccinimide)
CH;CH,CH,C] ——— > CH;CH=CH, » BrCH,CH=CH,
Mg CH;COCH;
——— » BrMgCH,CH=CH, ——» (CHj;),C(OH)CH,CH=CH,
C,H;0C,H; H,O0/H*

2.1.1.2. Alkyl héa nucleophile tao ra tir alk-1-yne

Alk-1-yne c6 tinh acid yéu nhung carbanion tao ra tir alk-1-yne 12
base manh va dong thdi cling 13 mét tic nhan nucleophile manh. Alkyl
héa tic nhan nucleophile nay véi dan xuét alkyl halide bac mot thu dugc
hop chét c6 mach carbon dai hon. Dan xuat alkyl halide bac hai va bac
ba s& cho phan tng téch loai 1a chu yéu:
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NaNH, R'X ,
RC=CH W RC=CNa" —» RC=CR
3

Vi du: So db phan tng biéu dién qua trinh tong hop hex-1-yne
va dec-5-yne tu calcium carbide:

H,0 NaNH,/NH; . CHACH,CH,CHyBr
CaC2 —» HC=CH TOC> HCEC-N C—C—CH2CH2CH2CH3

Hex-1-yne

2 NaNHz/NH3
—_—
-30°C

+N _C_C_N + 2 CH3CH2CH2CH2Br
al= a >

CH;CH,CH,CH,—C=C—CH,CH,CH,CHj;
Dec-5-yne

2.1.1.3. Alkyl héa carbanion on dinh béi hai hay mét nhom hiit
electron bén canh

a) Alkyl héa carbanion én dinh boi hai nhém hiit electron bén canh

Qua trinh alkyl héa carbanion cua hop chat X-CH>-Y hoic X-
CH(R)-Y (X, Y thuong la cac nhom hut electron nhu -COR', -COOR',
-CN, -NO,...) véi dan xuat alkyl halide (RiZ, R>Z) trong mdi truong
base duoc thé hién trén so dd phan ung:

XN
S (D
O v/ \Rl
1P
X RONa X R,Z X LR
SCH, === _ JCHNa' —» SCH—R,
v/ y” Y~ *o

X R
X NN
Y~ DR,

Dbi voi hudng tong hop (1): Sy tao thanh san pham dialkyl c6 2
nhom alkyl giong nhau s€ xay ra trong diéu kién kho khin hon sy hinh
thanh san pham monoalkyl do nhém alkyl thtr nhat day electron lam
giam d¢ acid cta hydrogen con lai. Ngoai ra, phan (ng tong hop tao san
pham dialkyl dugc thuc hién ma khong can tich san pham trung gian
monoalkyl.

Vl: du: Qua trinhqtcx)ng hop monoqlky} (T) tur diethyl malonate dat
hi¢u suat 88%. San pham (T) nay c6 thé tiép tuc dugc alkyl héa tao san
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pham dialkyl nhung trong diéu kién khé khin hon vi nhém alkyl
CH3(CH2)3- ¢6 hi¢u irng cam ung duong (+]):

CzHSOOC\ CQHSONa C2H5OOC\ . CH;(CH,);Br CQHSOOC\
CH, ~—= CHNa" ———— >
C,H;00C” C,H;00C C,H;00C

CH—(CH,);CH;
(T)

Dbi véi hudng tong hop (2): Su tao thanh san pham dialkyl ¢6 hai
nhém alkyl khdc nhau can phai thyc hién theo ting giai doan, trong d6
nhom alkyl ¢6 kich thuéc nhé hon hodc c6 hi¢u ing cam ing duong
(+) yéu hon s€ duoc dua vao trudc.

Vi du: Sy tao thanh hop chat (I), (I) v6i hiéu suat tong hop dat
90%, 45% tuong tng va hi¢u suat chung ctuia qué trinh tong hop dat
41% tu diethyl malonate:

C2H500C\ 1) C2H5ONa C2H5OOC\ 1) CzHSONa C2H500C\ /C2H5
/CH2 —_— / —0 5—> / «
C,H;00C 2)C,HBr CHs00C 2) (CHj,),CHI C,H;00C”" “NCH(CHj),

@ (1)

Hop chét carboxylic acid (III) va lfetone (IV) thu duogc khi thuc
hién phan ng decarboxyl héa san pham monoalkyl va dialkyl cua
hudng tong hop (1), (2):

C,H500C 1) CHsONa  CH;00C R~ OH"  "00C\ R
CH, —> Ny "00C” R
C,H;00C 2)2RZ C,H;00C
H,0/H* Hooc~,_ /R R
e C — HOOC—CH
HOOC” MR

(I1T)

C,H5;00C 1) C,HsONa  C,H;00C<_ R oH ‘00C~__ /R
C —_— > — >

CH,CO” * 2)2RZ CH,c0” DR CH,C07 R
+ R 0 R
H,0/H HOOCN R € (o CH<
CH;C0” SR %
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b. Alkyl hoa carbanion on dinh béi mot nhém hit electron bén canh

Qua trinh alkyl héa carbanion cua hop chat RCH,X hoac R,CHX
(X thuong 1a cac nhém hat electron nhu -COOR', -CN, -NOo,...) voi
dan xuét alkyl halide s& dugc tién hanh twong tu alkyl héa carbanion 6n
dinh boi hai nhém hiit electron bén canh nhung phai sir dung base manh
nhu anion amide NHy™ ctia cdc kim loai kiém, do nguyén tir hydrogen
kém linh dong hon.

Vi du: So d0 phan tmg tong hop hop chét (V) v6i higu suat 84%
va hop chat (VI) véi hiéu suit 96%:

1) NaNH,/Toluen néng

CH;CN » (CH;CH,CH,CH,);CCN
2) 3 CH3(CH2)3BT (V)
1) Li"N[CH(CHj;),],/Tetrahydrofuran
CH;CH,CH,COOCH; » (CH;CH,),CHCOOCH;

2.1.1.4. Alkyl hoa hydrocarbon thom (Alkyl hoa Friedel-Crafts)
a) Alkyl héa hydrocarbon thom bang dan xudt alkyl halide

Phan tng alkyl héa hydrocarbon thom bang dan xuét alkyl halide
(RX) duogc Friedel va Crafts phat hién vao ndm 1877, 1a phan trng quan
trong dé gan gdc alkyl vao nhan thom véi xiic tac Lewis acid khan nuéc
nhu AlCls, FeCls, BF3, FeBrs,...:

R

RX
AICI,
Phan (g alkyl héa hydrocarbon thom bang dan xuét alkyl halide

khong xay ra véi cdc dan xuat phenyl halide va vinyl halide.

Téc d phan g alkyl hoa hydrocarbon thom bang dan xuat alkyl
halide (RX) phu thudc vao cic yéu to va s€ giam theo trat tu:

- Chu tao cta cdc dan Xuét alkyl halide ~(RX)E dan xuét allyl,
ben~zyl (QHz:CHCHzX, C6H5CH~2X) > dan xuat bac ba (R3CX)
> dan xuat bac hai (RCHX) > dan xuat bac mot (RCH2X).
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- Xuc tac Lewis acid: AlBr3 > AICIs > FeCls > SnCls > BFs.

- CAu tao va trang théi tdn tai cua hydrocarbon thom: Sy c6 mat
cua cdc nhom thé hut dién tir manh -N*R3, -NO2, -CN, -SOsH,
-CHO, -COCHjs;, -COOH, -COOCH3, -Br, -Cl trong nhan thom
s& 1am phan tng alkyl héa xay ra khong déng ké. Ngoai ra, véi
cac hydrocarbon thom ¢ dang 16ng thi trong phan trng thuong
duoc dung du dé vira 1a chat phan tng, vira 1a dung méi; con
hydrocarbon thom & dang ran thi can phai c6 thém dung mdi,
thuong la CeHsNO», CS,,...

Phan ung alkyl héa hydrocarbon thom bang dan xuit alkyl
halide c6 mot s6 nhugc diém, 1am han ché kha niang ng dung clia
phan trng nay:

- Phan tng alkyl hoa thuong khéng dung lai ¢ san pham thé
monoalkyl ma s& thu dugc san pham thé nhiéu 1an polyalkyl.
Nguyén nhan 12 béi vi nhém alkyl sau khi thé vao nhan thom
s& 1am tang hoat cho nhan thom, lam cho san pham monoalkyl
tiép tuc tham gia phan Umg véi toc d6 16n hon hop chat
hydrocarbon thom ban dau. Do d6, mudn han ché phan Ung tao
san pham thé polyalkyl, cin phai ding mot luong du
hydrocarbon thom ban dau.

- Bén canh d6, dé thu san pham monoalkyl, d6i khi phai thuc
hién sy tong hop qua budc acyl héa hydrocarbon thom trudc
10i sau d6 s& dén budc khir héa san pham.

Vi du: Cac budc tong hgp ethylbenzene tir benzene duroc thé hién
trén so d6 phan ung:

COCH; CH,CH,
—_— > —_—
AlCl, HCl

Céc carbocation trung gian & nhiét d0 cao s c6 su chuyén V1 tur
bac mot sang bac hai hay bac ba bén hon. Vi viy, qud trinh alkyl héa
v6i dan xuat alkyl halide bac mot thuong thu dugce hdn hop san pham
gd6m cac dong phan khac nhau, trong d6 san pham chinh 1 san pham c6
sur Chuyén VI.
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Yi du: Alkyl h6éa benzene v&i tdc nhan n-propyl chloride thu dugc
san pham chinh la isopropylbenzene (70%):

CH(CH3),

(70%)

CH;CH,CH,CI
N CH,CH,CHj

(30%)

San pham ciia phan tng alkyl héa c6 thé bi dong phan héa hay di
hoa dudi tdc dung cua xuc tac Lewis acid ¢ nhi¢t do cao.

Vi du: Khi str dung du xuc tac Lewis acid ¢ nhiét do cao, p-xylene
c6 thé b1 dong phan héa thanh m-xylene, hodc ethylbenzene ciling c6 thé
bi di héa thanh benzene va m-diethylbenzene:

CHj; CH;
Lewis acid
—_— >
tO
CH;
CH;
CH,CH; O
5 Lewis acid
tO CH2CH3

CH,CH,
b) Alkyl héa hydrocarbon thom bang alkene hay alcohol

Phan tng alkyl héa hydrocarbon thom st dung tdc nhan alkene
hay alcohol s€ dung xuc tac 1a Lewis acid hay acid vo co manh (thuong
dung cdp acid HF/BF3 hay HCI/AICl3).
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Vi du: Hop chit isopropylbenzene dugc tong hop tir phan tng
alkyl héa benzene st dung tdc nhan propene véi xic tic HCI/AICI3:

CH(CH;),
CH3CH:CH2
HCI/AICI,
Phan (g alkyl h6a hydrocarbon thom sir dung tac nhan alkene

hay alcohol ciing trai qua giai doan hinh thanh carbocation nén van xdy
ra qud trinh chuyén vi tao carbocation bén.

Vi du: Phan tUng alkyl héa benzene su dung cic tic nhan
2-methylbutan-1-ol hogc 3-methylbutan-2-ol trong xuc taic HCI/AICI; s&
thu dugc san pham chu y€u la tert-pentylbenzene cho ca hai truong hop:

CH;CH,CH(CH;)CH,0H C(CH;),CH,CH;

HCI/AICI,
O - E
CH;CH(CH;)CH(OH)CHj

HCI/AICI,

Nguyén nhan 1a do cdc carbocation trung gian hinh thanh déu c6
kha nang chuyén vi thanh cation tert-pentyl bén hon:
H @
CH;CH,CH(CH;)CH,0OH — CH;CH,CH(CH;)CH,
2-methylbutan-1-ol \ ®
CH;3CH,C(CH;3)CHj

H @
CH;CH(CH;3)CH(OH)CH; — CH;3;CH(CH;)CHCH;
3-methyl-butan-2-ol

o C(CH;),CH,CH,4

© CH;CH,C(CH;3)CH;

2.1.1.5. Alkyl héa alkane
a) Alkyl hoa nhiét

Alkyl h6a nhiét céc isoalkane voi alkene thu dugc san pham 1a cdc
hgp phan nhién li¢u motd. Alkyl héa nhiét alkane thuc hién véi ethylene
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xay ra d& hon butylene. Ngoai ra, phan tng khong xay ra qua trinh déng
phén héa.

~ Vidu: So db thé hién phan (g tong hop 2,2-dimethylbutane (san
pham chinh) va 2-methylpentane (san pham phuy) tir isobutane va
ethylene ¢ diéu kién 500°C, 15-35 MPa:

—> CH3C(CH3)2CH2CH3
CH,=CH »
CH;CH(CH;)CH, 2 2 2,2-dimethylbutane
500°C, 15-35MPa
—» CH;CH(CH;)CH,CH,CH;
2-methylpentane
b) Alkyl héa xiic tdc

Alkyl héa céc alkane bang alkene vdi xic tic acid tao ra hdn hop
hydrocarbon phtrc tap v6i nhiét do s6i khac nhau. Alkyl héa xuc téc ¢
wu diém 13 xdy ra & nhiét do va 4p suét thuong. Trong tong hop nay,
hop chét ethylene phan ng kém hon cic alkene khic trong ciing diy
ddng dang.

Vi du: Phan tng alkyl héa isobutane bang but-2-ene véi xtc tic
acid thu duoc hon hop san pham:

— CH;C(CH;)=CHCH; + CH;CH=CH,
CH,CH=CHCHj

CH;CH(CH;)CH;4 » CH;CH(CH;)CH=CH, + CH;CH=CH,
H,O/H"

— CH,=C(CH;)CH,CH; + CH;CH=CH,

2.1.1.6. Alkyl héa bing phan iing Wurtz

Phan tng Wurtz chi thich hgp tong hop cac alkane dbi xtmg tir
céc dan xuat alkyl halide du¢i tdc dung ctuia kim loai Na:
Na

2R—X — > R-R

Vi du: So do tong hop 2,3,4,5-tetramethylhexane tir 1-chloro-3-
methylbutane:
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KOH/C,H;OH HBr
(CH3),CHCH,CH,Cl —— 2% 80 (CH,),CHCH=CH, — (CH;),CHCHBrCH;

%» (CH,),CHCH(CH;)CH(CH;)CH(CHj5),

Mot s6 han ché trong téng hop su dung phan ing Wurtz: Téng
hop cac alkane khong d6i xtrng bang phan tng nay thu dugc mot hén
hop nhiéu san phdm. Phan tng chi co hiéu qua dbi v6i dan xut alkyl
bromide va alkyl iodide. Dan xuét alkyl chloride thudng cho hiéu
suat rat thap. Phan ng nay ciing chi c¢6 hiéu qua voi cdc din xuit
alkyl halide bac mdt (hi¢u suét khoang 60%), dan xuit alkyl halide
bac hai va bac ba cho hiéu suét rat thép, twong Uing lan luot khoang
40% va 10%.

2.1.1.7. Alkyl héa bang phén iing Kolbe

bién phan dung dich mudi carboxylate thu duoc san pham chinh
la alkane vé&i s6 nguyén tir carbon gap doi goc alkyl ban dau:

-2¢e
2RCOO°" —» R—R
-2CO,

Vi du: Dién phan dung dich mudi sodium propionate thu dugc san
pham chinh 12 n-butane va mot it san pham phu ethane, ethylene:

- o,
CH3CH2COONa —_— CH3CH2CH2CH3 + CH3CH3 + CHzZCHZ

2.1.2. Phuong phap ting mach carbon bang phan tng acyl héa
2.1.2.1. Acyl héa hop chit co magnesium

Su acyl héa hop chit co magnesium voi acyl chloride, acid
anhydride va ester tao san pham trung gian 13 hop chat ketone. Khi st
dung du tic nhan acyl héa hodc thyc hién phan (mg ¢ nhiét do thap hay
hop chét ketone c¢6 4n ngit khong gian 16n thi san pham acyl héa nay
duoc tach ra:

R'COY (R'C0O),0 R'COOR"
RMgX ——= RCOR RMgX ——» RCOR RMgX ——» RCOR
H,0/H* H,O/H* H,O/H"
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Vi du: Phan tmg tong hop hop chét (VII) véi hiéu suat 80% va
hop chat (VIII) véi hiéu suat 87% bang sy acyl héa hop chat co
magnesium:

(CH,);CCOCI
(CH3);CCHMgCl ———=——»  (CH3);CCH,COC(CH,);
H,0/H
(VID)
(CH;C0),0
CH3(CH2)3MgC1 —_— CH3(CH2)3COCH3
H,O/H"
(VIII)

Khi thyc hién phan tmg acyl héa hop chit co magnesium véi hop
chat nitrile, sau khi thuy phan trong méi truong acid tao san pham trung
gian imine khong bén, trong diéu kién phan trng s€ hinh thanh hop chat
ketone:

R'CN
RMgX —» R—C—R —— RCOR
H,O/H" Il\IIH H,O0/H"

2.1.2.2. Acyl héa nucleophile tao ra tir alk-1-yne

~ Nucleophile tao ra tir alk-1-yne dugc acyl hoa dé tong hop céc hop
chat hiru co ¢6 mach carbon dai hon:

'

_ . RCOX ,
RC=CM" —» RC=CCOR
Vi du: Quy trinh tong hop hop chat (IX) tir propyne:

NaNH,/NH, CICOCH(CH;)COOC,H;
CH;C=CH —— CH;C=CNa » CH;C=CCOCH(CH;)COOC,Hs

(IX)
CH,MgB CICOCH(CH;)COOC,H
\3—gr> CH,C=CMgBr ’ 2 CH;C=CCOCH(CH;)COOC,Hs

2.1.2.3. Acyl héa carbanion 6n dinh béi hai hay mét nhém hiit
electron bén canh

a) Acyl héa carbanion on dinh boi hai nhom hiit electron bén canh

Qud trinh acyl héa carbanion cta hop chat X-CHz-Y hoic X-
CH(R)-Y (X, Y thuong la cadc nhoém hut electron nhu -COR', -COOR',
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-CN, -NOsa,...) voi tdc nhan acyl RiCOZ trong mdi truong base manh,
ty 1€ mol 1:1 thu dugc san pham monoacyl:

X\ RONa X\CH

R,COZ
>cH, + SCH—OCR,
Y

v > v

Dé ning cao hiéu suit thu nhin san phim monoacyl, han ché san
pham diacyl thi thuong st dung base manh (manh hon carbanion) véi
lugng du.

Vi du 1: Mot tng dung quan trong ctia phan tng acyl héa carbanion 6n
dinh boi hai nhém hiit electron bén canh trong téng hop hiru co 1a thuy
phan san pham acyl héa diethyl malonate trong méi trudng acid, sau do
tiép tuc thuc hién su decarboxyl hoa thu duoc san pham 1 hop chat
methylketone:

C,H,00C
CHNa® YCOX > NCH—0CR

CzHSOOC\ C2H5ONa CQHSOOC\
C C,H;00C”

C,H;00C” C,H;00C”

H,OM" HOOC>CH—OCR Y% RrcocH,

HOOC
Vi du 2: Mot phuong phap tong hop quan trong la sy deacyl hda san
pham ctia sy acyl héa hop chat B-keto ester trong méi truong base, dugc
minh hoa trén so d6 phan tng:

1) Na/C,HsOH, benzene
CH;COCH,COOC,H; » CH;COCH(OCCgH;5)COOC,Hj5
2) CcH5COCl

NH;, H,0
———» (C4H;COCH,COOC,H;
NH,CI

b) Acyl hoa carbanion on dinh béi mét nhém it electron bén canh

Qua trinh acyl héa carbanion cua hgp chat RCH>X hodc Ro,CHX
(X thuong l1a cac nhém hut electron nhu -COR', -COOR', -CN, -
NO,,...) v6i tac nhan acyl hoa duogc tién hanh twong ty nhu acyl héa
carbanion 6n dinh béi hai nhém hit electron bén canh nhung phai st
dung cic base rat manh nhu cic amidua ctia kim loai kiém.
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Vi du: S acyl héa ketone, ester 1an lwot hinh thanh cdc san pham
tuong ung:
1) C2H50Na

CH;COC4H; » CH,;COCH,COC¢H;
2) CH;COOC,H;

1) C2H50Na
CH,COOC,H; » CH,COCH,COOC,Hj
2) CHy;COOC,Hs

2.1.2.4. Acyl héa hydrocarbon thom (Acyl hoa Friedel-Crafts)

Phan tmng acyl héa hydrocarbon thom 1la phan Ung gitra
hydrocarbon thom v6i acid halide hodc acid anhydride trong xtic tdc
Lewis acid s€ hinh thanh san pham la hgp chat ketone thom:

RCOX/(RCO),0
Lewis acid
Vi du: Quy trinh tong hgp l-bromo-4-propylbenzene tir benzene
duoc thé hién trén so do:

COR

COCH,CHj, CH,CH,CH,4 CH,CH,CHj,
© CH;CH,COCI Zn(Hg) Br,
—_— EE— e
A1C13 HCI1 FCBT:;
Br

Cac nhan thom giam hoat thuong tham gia phan ng acyl héa
chm vai toc d¢ khong dang ké va toc d phan tng acyl héa vao nhén
thom s€ gidm dan theo trat ty: RCOI > RCOBr > RCOCI > RCOF.

Su khéc biét gitta phan Umg acyl héa va phan tng alkyl héa
hydrocarbon thom:

- Luong xic tdc Lewis acid dung trong phan tng acyl héa nhiéu
hon trong phan g alkyl hoa;

- Phan Gng acyl héa khong c¢6 su chuyén vi nhu phan ung
alkyl héa;
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- Phan ung acyl héa khong c6 kha ning tao cdc san pham thé
nhi€u 1an (chi thu dugc san phdm monoacyl) nhu phan tng
alkyl hoa.

Ngoai ra, mot sé phan tng formyl héa vao nhan thom ciing 14 mot
dang cua phan trng acyl hoa Friedel-Crafts:

Phan trng Gattermann-Koch:

CO +HCI
TAIC

Phan tng Gattermann:

R

R

HCN + HCV/AIC,
H,0

CHO
Phan ung Vilsmeier:
R
HCON(R)), ©
_—
CHO

R

POC13 (COClz)

Phan trng Reimer-Tiemann:

OH OH
CHCl,

—_—

NaOH

CHO
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2.1.3. Phwong phap ting mach carbon bing phan tng ngung tu
2.1.3.1. Phdn wrng ngung tu Knoevenagel

Phan tng Knoevenagel 12 phan Gng ngung tu gitta hop chat
aldehyde, hop chét ketone véi carbanion dugc 6n dinh béi hai nhém hiit
electron & dang X-CH2-Y hoac X-CH(R)-Y (X, Y thuong 1a cic nhém
hit electron -COR', -COOR', -CN, -NOy,...) trong moi truong base
tuong ddi yéu piperidine, benzylamine,. .. thu dugc san pham ting mach
carbon:

X-CH,-Y

RCOR' —— » RR'C=CXY
base

Vj du: Phan ung ngung tu Knoevenggel duoc sur dung téng hop
hop chat (X) véi hi€u suat 85% va hop chat (XI) voi hiéu suat 97%:

CH;COCH,CO0C,Hj
CH;CH,CH(CH;)CHO m » CH;CH,CH(CH;)CH=C(COCH;)COOC,H3

N X)
Qe
U | CH,(CN), U' |
_—
C6H5CH2NH2 O

(XI)

CH=C(CN),

2.1.3.2. Phdn vrng ngung tu Doebner

Phan ng Doebner 1a phan img ngung tu gitra hop chat aldehyde
hay hop chat ketone véi carbanion duoc on dinh bdi hai nhém hit
electron & dang X-CH»-Y hodac X-CH(R)-Y (X, Y thuong la -COOH)
trong moi trudng base twong ddi yéu nhu piperidine, pyridine,... Phan
ng xay ra thuong kem theo qua trinh decarboxyl héa va hinh thanh san
pham chu yéu ton tai dang dong phan E (trans).

_ Vidu: Phan tmg ngung tu Doebner dugc su dung téng hop hop
chat (XII) vdi hi¢u suat 96%:

CH;CH(COOH), CgHs~_ _CH;

CH.CHO — > c=cC
6 N - “\COOH
N? (XII)
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2.1.3.3. Phdn ung Michael

Phan tmg Michael 13 phan tng giita hop chét vinylic carbonyl véi
carbanion duoc 6n dinh boi hai nhém hiit electron dang X-CH>-Y hoac
X-CHQR)-Y (X, Y thuong la cic nhém hiit electron nhu -COR', -
COOR/, -CN, -NO,...) trong mdi trudng base, thong dung nhat 1a
sodium va potassium cua methylate, ethylate va tert-butylate trong
dung dich alcohol hinh thanh san pham ting mach carbon:

R COR" XCH,Y R COR’
\C=C/ ' 2 \C CH/ |
R/ \R base R/| \R
XCHY

Vi du: Phan tng hinh thanh hop chét (XIII) tir 4-methylpent-3-
en-2-one voi diethyl malonate trong moi truong base:

CH, Ne—c _~COCH;  cp,(cooC,Hy), CH3\C I COCH
- _ - 2= 3
CH3/ H base CHy;~~ |

CH(COOC,Hs),
(XIID)

2.1.3.4. Phdn urng aldol

Phan tng aldol 13 phan tng giita cdc hop chat carbonyl gom
aldehyde hay ketone c6 nguyén tor hydrogen & carbon a trong moi
truong base:

R" Rv Rn
R'CH,CHO | |
RCOR' " R—$ (lj CHO ——» R—C=C—CHO
ase
OH H

a) Phan iing aldol giita hai phdn tir carbonyl giong nhau

Phan trng aldol gitra hai phan tir carbonyl gléng nhau tao san pham
dau tién 12 hop chit B-hydroxyl aldehyde (hop chat tap chirc cta alcohol
va aldehyde). Tuy nhién, san pham nay trong diéu kién phan ng s€ tach
nude hinh thanh hop chat aldehyde khong no c6 lién két d6i C=C lién
hgp v&i nhém carbonyl.
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Vi du: Phan tng giira hai phan tir ethanal trong moi truong base
dugc minh hoa trén so do phan ing:

CH,CHO 0
CH;CHO  ——— CH;CH(OH)CH,CH,0H ——>  CH;CH=CHCHO
ase -H,

b) Phan ung aldol gitra hai phan tu carbonyl khdc nhau (phan ung
aldol chéo)

Phan tng aldol chéo ¢6 kha nang hinh thanh tam loai san pham
(hait lqai dime, hai loai aldol chéo nha}l va bon san pham mat nudc).
Mot s6 luu y khi hinh thanh cdc san pham cua phan ting aldol chéo:

Truong hop mot aldehyde phan tmg v6i mot ketone dbi xing thi
phan rng s& ludn xay ra trén C=0 cua aldehyde.

Vi du: Sy hinh thanh san phdm cua phan tng aldol chéo giira
ethanal va acetone dugc thé hi¢n ¢ so d6 phan tng:

CH3COCH3 t°
CH;CHO ————» CH;CH(OH)CH,COCH; —— CH;CH-CHCOCH;
ase -H,

Truong hop mot aldehyde phan ing voi mot ketone bat d6i xing
thi xay ra hai loai phan ung aldol chéo, minh hoa ¢ so d6 phan trng:

t()
CH;CH(OH)CH(CH;)COCH; —» CH,;CH=C(CH;)COCH,4
CH;COCH,CH;, -H,0 .
CH;CHO . . (XIV)
ase t
CH;CH(OH)CH,COCH,CH; — CH;CH=CHCOCH,CH;
-H0 (XV)

Trén thuc té, khi dung xuc tic acid thi hau nhu san phém (XIV)
du’gc tao thanh, con khi st dung xuc tac base thi tao ra hon hgp san
pham (XV) va (XIV).

Truong hop hai aldehyde khac nhau hodc hai ketone khac nhau
tham gia phan (g aldol thi theo nguyén tic ctia Lieben, cdc nhém thé
O vi tri carbon a thuong lam giam kha ndng phdn tng cua nhom
carbonyl bén canh. Nhu vay, hop chit chta it nhém thé & vi tri carbon
o s& luén dong vai tro 1a thanh phan cung cAp nhém carbonyl, hop chét
chtra nhiéu nhém thé hon & vi tri carbon a s& ludn 1a thanh phan cung
cAp nguyén tir hydrogen hoat dong.
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Vi du: Sy hinh thanh san phim cua phan tng aldol chéo giita
ethanal va propanal dugc thé hién trén so do phan tng:

CH;CH,CHO t©
CH;CHO —=—=—s CH;CH(OH)CH(CH;)CHO ——» CH;CH=C(CH;)CHO
ase -H,

Truong hop ca hai phan tir carbonyl deu chtra nguyén tir hydrogen
& carbon a, c6 thé khdng ché qu4 trinh téng hop dé thu duoc mot san
pham chinh bang cich st dung mot base manh, vi du lithinium
diisopropylamide (LDA). Day la mot base manh, nhung c6 tinh a1 nhan
yéu do anh hudng cua hiéu tng khong gian tir cdc nhém thé cong kénh
trong phan tir. Phan Gng dugc thyc hién béng cach xu ly hop chét
carbonyl thir nhét vgi LDA. Do LDA 14 mot base rat manh, toan bo hop
chét carbonyl thir nhat dugc chuyén héa vé dang enolate va khong c6
kha ning xdy ra phan ung aldol giira chiing voi nhau. Sau d6, hop chat
carbonyl thir hai s& dugc cho tir tir vao hon hop phan tng, lac d6 phan
g aldol chéo s& xdy ra va han ché cic phan ung phu khong mong
mudn, cu thé dugc minh hoa theo so d6 phan ung:

Q (LDA) 0 0
[(CH;),CH],NLi* - 1. CH;CH,CH,CHO CH(OH)CH,CH,CH;
_— £
2. H,0

Trong mdt s6 trudng hop, phan tng aldol chéo xay ra theo hudng
ru tién hinh thanh mot san pham chinh. Khi mot trong hai hop chat
carbonyl khong chira nguyén tir hydrogen & carbon a, hgp chét nay
khong thé déng vai trd hinh thanh carbanion dudi tic dung ctia base ma
chi c6 kha ning déng vai tro 14 hop chét carbonyl. Ddi véi truong hop
nay, van c6 kha nang hinh thanh hai san pham aldol do phén tir carbonyl
c¢6 hydrogen & carbon a van c6 kha ning tu phan tng v4i nhau. Va cé
thé khong ché qua trinh phan @mg dé thu mot san pham chinh bang cach
sir dung du hop chét carbonyl khdng chira nguyén tir hydrogen & carbon
o. Bén canh d6, thong thuong trong thyc nghiém, phan ung dugc tién
hanh bang cdch cho tir tir hop chit carbonyl c¢6 nguyén tir hydrogen &
carbon o vao hdn hop base va hop chét carbonyl khong chtra nguyén tir
hydrogen & carbon o

CHO CH(OH)CH(CH,CH;)CHO CH=C(CH,CH3)CHO

CH;CH,CH,CHO
S — e
base - H,0
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c) Phan ung aldol noi phan tir

Phan tng aldol c6 thé xay ra ngay trong ciing mot phan tir néu cé
hai nhém carbonyl trong phan tir ¢ vi tri thich hgp, tao san pham la céac
hop chat dang vong va thuong uu tién hinh thanh vong nam canh hay
sau canh.

Vi du: Phan tng aldol ndi phan tir ctia cdc hop chét 1,4-diketone
s& hinh thanh san phdm vong nim canh thay vi vong ba canh, tuong tur
phan tng cua 1,6-diketone ciing cho san phadm vong nim canh thay vi
vong bay canh, phan rng cua 1,5-diketone hay 1,7-diketone hinh thanh
san pham vong sdu canh:

O
NaOH/H,0
CH3COCH2CH2COCH3 T’
CH,
NaOH/H,0
CH;COCH,CH,CH,CH,COCH, 5 COCH;
CH;
NaOH/H,0 O
CH;COCH,CH,CH,COCH, 5
CH,
NaOH/H,0

CH3COCH2CH2CH2CH2CH2COCH3 T’

O

COCH,
CH,

2.1.3.5. Phadn irng ngung tu Perkin

Phan Gmg ngung tu Perkin 13 phan Ung xay ra gita hop chét
aldehyde thom khéng c6 nguyén tir hydrogen & carbon a va hop chat
acid anhydride trong mdi truong base. Phan ing ngung tu Perkin dugc
g dung chu yéu trong tong hop acid thom khong no.
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Vi du: Quy trinh téng hop acid thom khéng no (XVI) tir benzoic
aldehyde va acetic anhydride:

(CH;C0O),0 H,0
C¢HsCHO ———» C¢Hs;CH=CHCOOCOCH; ————— C¢Hs;CH=CHCOOH
K,CO4 - CH;COOH (XVI)
-H,0

2.1.3.7. Phdn wrng ngung tu Claisen

Phan Umg ngung tu Claisen la phan trng gitra hai phan tir ester c6
nguyén tir hydrogen & carbon a hodc gitra mQt phan tur ester véi mot
phan tr methylketone trong mdi trudng base, hinh thanh san pham ton
tai & dang B-ketoester hodc 1,3-diketone tuong tng.

~ Vidu: Phan tng ngung tu Claisen dugc sur dung dé tong hop san
pham (XVII) tur ethyl acetate trong moi trudong sodium ethylate:
CH,COOC,H;

CH;COOC,H; ———» CH;COCH,COOC,H;s
C,H;ONa XVID

2.1.3.8. Phdn irng Mannich

Phan trng Mannich 1a phan ing ngung tu giita hop chét c6 nguyén
tir hydrogen hoat dong véi hop chét aldehyde va amine hodc ammonia
trong moi truong acid, s& hinh thanh san pham 1a hop chat chira nhém
aminomethyl va duogc goi la base Mannich:

1 " HC] ll "
RH + R,CHO + HNRR" —= R,CH(R,)NRR"HCI
Vi du: So d6 minh hoa phan tng Mannich dugc sir dung dé tong

hop san pham (XVIII) v6i hiéu suit 90% tir indole, methanal,
dimethylamine:

CH,N(CH5),
“H,0
Oj% + HCHO + NH(CH;), —2> CE%
) )
H H
(XVIII)
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2.2. Phuong phap giam mach carbon
2.2.1. Phan trng cracking

Phan tng cracking alkane la phan tmg b¢ gay mach carbon cua
alkane, thu dugc mot hon hop san phim gdm cic alkene va alkane
twong trng ¢6 mach carbon ngan hon, va c6 ca hydrogen.

Qua trinh cracking alkane dugc thyc hién dudi tdc dung cua nhiét
do va thuong vao khoang 500-700°C goi 1a cracking nhiét. Thanh phan
va ty 1€ cua cédc san phém s€ phu thugc vao nhi¢t d§ va thoi gian phan
ung. Nhiét d§ cang cao, thoi gian phan Ung cang dai thi mach carbon
clia san pham tao ra cang ngan.

Qua trinh cracking alkane thyc hi¢n ¢ nhiét o thép hon (khoang
450-500°C) bang cédch st dung cic xiic tdc thich hop goi 1a cracking
xudc tidc. Thuong sir dung céc xtc tdc Lewis acid nhu cédc xic tc trén
co s¢ zeolite cho qua trinh nay. Qud trinh cracking xtc tic c6 phan ung
cit mach carbon tuong tu nhu cracking nhi¢t. Tuy nhién, dudi tic dung
clia xic tc, c6 thé tién hanh qud trinh ¢ nhiét d thap hon va phan ng
xay ra chon loc hon. Tir d6 ¢6 thé khong ché dugc cc phan ung dé ting
ham lugng cdc san pham mong mudn. Ngay nay, phuong phap cracking
xtc tac di dugc sir dung chu yéu trong san xuat nhién liéu.

Vi du: Qud trinh cracking nhiét n-pentane thu dugc hdn hop nhiéu

san pham, dugc thé hién ¢ so do:
~ CH,

CH;CH,

CH;CH,CHj

t° CH3CH2CH2CH3

CH;CH,CH,CH,CH; —» <
CH;CH,CH,CH,CH,
CHZZCHz

CH;CH=CH,
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2.2.2. Phan trng decarboxyl héa

Qua trinh loai CO; ra khoi hop chét carboxylic acid hodc mubi
carboxylate dugc goi 1a qua trinh decarboxyl héa:

tO
RCOOH — RH
- CO,

Qua trinh decarboxyl héa chiu d&nh hudng rat 1on cia nhiét d6 va
moi trudng. Su decarboxyl héa phu thudc nhiéu vao cau tric cta phin
tir. Phan tng xay ra dé hon khi phan tir carboxylic acid ¢6 cic nhém thé
hut dién tir manh nhu -NO», -CN, -SOsH, -CCls,...

Vi du 1: Khi dun néng malonic acid dén nhiét do cao hon nhiét do néng
chdy, malonic acid bi phan huy thanh acetic acid va CO»:

o

1
HOOCCH,COOH R» CH;COOH
LU

Vi du 2: Khi nung néng 4-aminobenzoic acid ¢ 210°C s€ hinh thanh
aniline va giai phéng COz:

210°C
~Co,

Vi du 3: Hop chit trichloroacetic acid ¢ 200°C xay ra phan ung
decarboxyl héa, trong khi d6 hop chét triiodoacetic acid chi can lam
néng nhe da loai COx:

200°C
CLCCOOH —s  CHCl

- CO,
o

CCOOH —> CHI;
- CO,

Vi du 4: Hop chat cyanoacetic acid ¢ 165°C s& xay ra phan ung
decarboxyl héa, giai phong CO> va hinh thanh CH3CN:
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0

165°C
NCCH,COOH < CH,;CN
-COy
Vi du 5: Nung néng mudi calcium benzoate voi nude vdi trong thu
duoc benzene va calcium carbonate:
Ca(OH),

(C6H5COO)2C3 —_— 2 C6H6
-2 CaCOs;

Nhiét phan mubi sodium carboxylate trong NaOH tao ra alkane.
Thuc nghiém cho thay chi nhitng mubi ciia cac carboxylic acid don gian
nhu CH3COONa, CH3CH2COONa va CcHsCOONa méi cho hiéu Sut
cao ¢ phan Ung nay.

Phuong phap nhiét phan mudi sodium carboxylate trong NaOH
thuong str dung dé thu nhan methane trong phong thi nghiém:

NaOH
CH3COONa —0> CH4
t

2.2.3. Phan wrng Hunsdiecker
Phan ung Hunsdiecker 12 phan mg xdy ra giita mudi silver

carboxylate v6i halogen hinh thanh san pham alkyl halide:

X
RCOOAg ——» RX + CO, + AgX
CCly, t°

Vi du: Phan g tong hop methyl bromide tir silver acetate duoc
tim ra vao nam 1861:

Br
CH;COOAg 2y CH;Br + CO, + AgBr
CCly, t°

2.2.4. Phan wrng haloform

Phan g haloform 13 phan tng xay ra gitta hop chit RCOCH3
(R =H, alkyl, aryl) v6i tdc nhan halogen X, du trong moi truong base
hinh thanh san pham haloform va mudi carboxylate:
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X
RCOCH,4 ai_» RCOO™ + CHX,

~ Phan tmg iodoform thudng duoc su dung dé nhan biét cac hop
chat RCOCH;3 (R = H, alkyl, aryl) do san pham CHI3 la chat ran mau
vang nhat, it tan trong nudc va c6 mui dic trung:

I
RCOCH;4 a{» RCOO™ + CHI,

Vi du: Vao dau thé ky XX, hop chit iodoform dugc st dung trong
y hoc lam thude diét khuan. Thude chita viem hong loai nhe trong gia
dinh duoc taora béng cach cho nude s6i vao coe dung NaHCO3 roi cho
thém dung dich con iodine vao va lic 1én, dé nguoi s€ dugc dung dich
dé xic hong. Qua trinh tao ra thudc chira viem hong loai nhe nay duoc
thé hién trén so do phan tng:

tO
2NaHCO3 — N32CO3 + C02 + Hzo

I I
C,H;OH —» CH;CHO —— HCOONa + CHI,
N32CO3

2.2.5. Phan wrng thoai phan Hoffmann

Phan {mg thodi phan Hoffmann 1a phan tng chuyén héa amide
thanh amine bac mot c6 it hon mgt nguyén tir carbon khi cho amide tac
dung v6i X2 (Brz hay Cb) trong moi truong base:

X
OH"

Vi du: Sy hinh thanh isopropylamine bang phan tng thodi phan
Hoffmann isobutyramide:

Br
(CH,),CHCONH, ——» (CH;),CHNH,
NaOH

40



2.2.6. Phan trng oxi héa
2.2.6.1. Phdn rng ozone phan

Phan ing ozone phan alkene trong dung moi tro nhu CCls ¢ nhiét
d6 thap s& hinh thanh mot san phdm vong trung gian molozonide khong
bén va nhanh chéng chuyén thanh mot hop chét vong ozonide bén hon.
Trong dung dich, ozonide thudng bi thily phin tao thanh cdc hop chat
c6 chtra nhém carbonyl. Khi phan irng thuy phan ozonide x4y ra véi cac
tic nhan c6 tinh khi nhu Zn trong moéi truong acid (acetic acid,
hydrochloric acid) hodc hydrogen trén xuc tac platinum hay (CH3)>S thi
s& thu duoc cdc hop chat aldehyde hoic ketone. Con khi phan tng thiy
phan ozonide xay ra trong mdi truong acid, dau tién van cé sy hinh
thanh cdc san pham aldehyde hodc ketone. San pham phu cta qud trinh
thuy phén trong acid 1a H20., hodc trong truong hgp c6 céc tdc nhan
oxi héa trong dung dich phan tg thi céc aldehyde s& tiép tuc bj oxi héa
thanh cac carboxylic acid twong Ung va thuong khong tdch dugc cac
san pham aldehyde trung gian. Do d6, muén thu dugc san pham
aldehyde, can phai sir dung cic tic nhan khir trong qud trinh thity phan.

Vi du 1: Sy tao thanh san pham cua phan (g ozone phin céc alkene &
nhi¢t do -78°C khi st dung cic tdc nhan khu:

CH; 1 o,, -78°C
> CH3COCH2CH2CH2CH2CHO
2. Zn, CH;COOH

1. O3, -78°C
CH;CH,C(CH;)=CHCH; —— = CH,CH,COCH; + CH,CHO
2. (CH5),S

Vi du 2: Su tao thanh san phdm ctia phan tng ozone phan céc alkene &
nhi¢t d -78°C khi st dung tdc nhan oxi héa:
1. 0;, -78°C

CH3CH2C(CH3):CHCH3 —O> CH3CH2COCH3 + CH3COOH
A
1. 05, -78°C

CH,CH,CH,CH=CH, - CH;CH,CH,COOH + HCOOH
H,0,
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Vi du 3: Ozone phan mot hop chat hitu co trong thanh phan tinh du
hoa hong thu dugc hdn hop san pham gdm céc hop chét hitu co ¢ cau
tao HOCH>CHO, (CH3).CO, CH;COCH>CH>CHO. Cau triic héa hoc
ctia hop chét hitu co trong tinh dau hoa héng dugc xac dinh theo so do:

.................

.................

— > (CH3)2C:CHCH2CH2C(CH3):CHCH20H

Vaiy, cau triic héa hoc cia hop chét hitu co co trong thanh phan
cua tinh dau hoa hong dugc xac dinh la:

(CH3).C=CHCH:CH2C(CH3)=CHCH>OH

2.2.6.2. Phadn ing oxi héa cit mach hop chit 1,2-glycol béi
periodic acid (HIOy4) hodc lead tetraacetate [Pb(OOCCH3)4]

Phan tng oxi héa cat mach hgp chét 1,2-glycol boi periodic acid
(HIO4) hoac lead tetraacetate [Pb(OOCCH3)4] hinh thanh san pham
aldehyde hodc ketone:

HIO,
R,C(OH)C(OH)R, — 2R,C=0

Pb(OOCCHj3),
R,C(OH)C(OH)R, ——— 3 2R,C=0

Vidu: Hop chét acetone va ethanal hinh thanh bang phan tng oxi
héa cdat mach hgp chat 2-methylbutane-2,3-diol boi periodic acid
(HIO4) hoac lead tetraacetate [Pb(OOCCH3)4]:

CH,
| HIO,

CH;—C—CH—CH, [—» CH,COCH; + CH;CHO
| | Pb(OOCCH,;),
OH OH

2.2.6.3. Phadn vrng oxi héa béng tic nhdan KMnO
a) Poi véi alkene

Phan tmg oxi héa alkene baing KMnO4 ddm dic trong méi trudng
acid hoac base ¢ nhiét d0 cao s€ xdy ra qud trinh cat mach carbon tao
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thanh san pham 12 cdc carboxylic acid, mudi carboxylate hoic ketone.
Cic alkene c6 lién két d6i dau mach s& cho san pham oxi héa 1a CO»,
thuong khong tach duoc san pham trung gian HCOOH trong trudng
hop nay khi oxi hoa trong mdi trudng acid.

Vi du: Su hinh thanh c4c san pham ctia phan Gng oxi héa cit mach
carbon bang tdc nhan KMnO4 dam dac trong moi truong acid hodc base
mot sO alkene ¢ nhiét do cao:

KMnO,, H,O/H*
CH}CH2CH:CHCH3 #» CH3CH2COOH + CH3COOH
KMnO,, OH"
CH;CH,C(CH;)=CHCHj; T» CH;CH,COCH; + CH;COO"

KMnO,, H,O/H*
_—

CH3CH:CH2 to CH3COOH + C02

b) Poi véi alkyne

Phan g oxi héa alkyne bang KMnO4 & nhiét do cao trong mdi
truong acid hodc base s& xay ra qua trinh cat mach carbon tao san pham
1a cic carboxylic acid hodc mudi carboxylate. C4c alkyne c6 lién két ba
dau mach s& cho san pham oxi héa 1a carboxylic acid va CO; khi oxi
héa trong moi truong acid.

Vi du: Sy hinh thanh cdc san pham cta phan ing oxi héa cat mach
carbon bang tdc nhan KMnOj4 trong moi trudng acid ¢ nhi¢t o cao mat
sO alkyne:

KMHO4
CH3CH2CH2CH2CECH —+> CH3CH2CH2CH2COOH + C02

H,O/H", t©

KMHO4
——
H,O0/H", t°

KMnO,
—
H,O/H*, t°

CH;CH,C=CCHj;4 CH;CH,COOH + CH;COOH

CH;(CH,)yCH,C=CCH,(CH,);COOH CH;(CH,),,COOH + HOOC(CH,),COOH

¢) Poi véi alkylbenzene

Phan (g oxi héa alkylbenzene bang KMnO4 trong méi truong
acid & nhiét do cao s€ xay ra qua trinh cat mach carbon ¢ goc alkyl hinh
thanh san pham benzoic acid va céc carboxylic acid khéc.
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Vi du: Phan tng oxi héa n-butylbenzne bang KMnO; trong moi
truong acid hinh thanh benzoic acid & nhi¢t do cao:
CH,CH,CH,CH;,4 COOH

KMI]O4
—_—
H,O/H", t°

Cac dan xudt alkylbenzene khong c6 nguyén tir hydrogen benzyl
s€ khong thé tham gia phan ing oxi hda nay.

Vi du: Phan tng oxi héa fert-butylbenzene & diéu kién twong tu
nhu phan ng oxi héa n-butylbenzene khong thé xdy ra dé tao thanh
benzoic acid:

C(CH3);
KMHO4 N
H,O/H", t° %
NOI DUNG ON TAP
2.1. Trinh bay cac phuong phap ting mach carbon trong tong hop

hiru co.

2.2. Trinh bay cic phuong phap giam mach carbon trong tong hop
hiru co.

2.3. Piperine 13 alkaloid dugc tim thay trong hat tiéu den, c6 tic dung
chéng oxi héa va bao vé gan, chong viém, chéng ung thu, chong
trim cam va giam dau. Xay dung so d6 tong hop piperine tir
catechol, héa chat can thiét va diéu kién phan ung day du.

2.4. Tu hept-1-yne, hoa chét can thiét va dleu kién phan tng day du,
dé xuat quy trinh tong hop chit 16i cudn ban tinh cta loai budm
dém (Z)-6-heneicosen-11-one.

2.5. Xay dung quy trinh tong hop CH;CH2COOH va CH3;CH2COCH3
tir ethylene va héa chat vo co can thiét ciing diéu kién phan tng
day du.

2.6. Thiét ké so do tong hop CH3CH(OH)CH(C>Hs)COOC:H;s tir
ethanal va hoa chat vo co can thiét cing di€u kién phan g day du.
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2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

Tu ethanol, acetic acid, benzene, hoa chét vo co can thiét cung
diéu kién phan ung day du, dé xuat quy trinh tong hop 2,5-
diethylacetophenone.

Tir benzene va héa chét vo co can thiét cing didu kién phan tng
day du, thiét 1ap so d6 tong hop n-butylbenzene.

Vin dung phan (mg ngung tu Knoevenagel, tir cdc hop chat hitu
co c6 ciu tao CH3;00CCH,COOCH;,
(CH3),C=CHCH>CH,CH(CH3)CH2CHO va héa chét can thiét
cung diéu kién phan Gng diy du, dé nghi so do tong hop
veticadinol.

H

T

T~

HO

Van dung phan ing ngung tu Claisen, tir phenylacetonitrile va
héa chat can thiét ciing diéu kién phan tng day du, xay dung so
dd téng hop thudc ngti c6 tén Sevenal.

C6H5\C/ \

Csz/ C—NH
//
(@)

Van dung phan ung alkyl héa Friedel-Crafts, tr o-
bromophenylacetonitrile, benzene va héa chat can thiét ciing
diéu kién phan ung day du, 1ap quy trinh tong hop thudc cai
nghién ma tdy c6 tén Methadol véi cong thirc ciu tao thu gon
CH3;CH>COC(CeHs)2CH2CH(CH3)N(CHa3)s.

Van dung phan ung acyl héa Friedel-Crafts, tur catechol,
chloroacetyl chloride va héa chit can thiét cung diéu kién phan
mg day du, xdy dung so d6 tong hop thudc kich thich hé than
kinh giao cam adrenaline (c6 bi¢t dugc Suprarenin).
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2.13.

2.14.

OH
OH

CH(OH)CH,NHCH,

Véan dyng phan tng decarboxyl hoa, tir CeHsCHCH2NHy,
CICHCH2COOC:Hs va hoa chat can thiét cung dicu kién phan
ung day du, dé xuat so do tong hop thudc gidam dau Fentanyl.

(|30
CH,CHj
Van dung phan Ung thoéi phan Hoffmann, tr phthalic acid va

héa chat can thiét cung diéu kién phan Gng day du, thiét ké so do
tong hop anthranilic acid.

COONa
NH,

2.15. Van dung phan Ung Michael va decarboxyl héa, tir diethyl

acetamidomalonate, methyl acrylate, hoa ché?t can thiét ciing
dicu kién phan tng day du, thiét ké quy trinh tong hop glutamic
acid: HOOCCH(NH2)CH>CH>COOH.

Huwéng din:

- St dung phan mém ISIS Draw hoac ChemDraw dé v& cong
th}'IC cau tao ciac hgp chat héa hoc & ndi dung 6n tap 2.9
dén 2.15.

- Su dung trang web https://www.nist.gov/ dé tra ciru thuat ngtr,
danh phap va tim hi€u tinh chat cta cac hop chat hiru co trong
ndi dung 6n tap 2.3 dén 2.15.

Tham khao tai liéu 8 dé thyc hién nd1 dung 6n’ tap 2.9 va tai
liéu 1 dé€ thyc hién cac ndi dung 6n tap 2.10 dén 2.15.
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Chuong 3

PHUONG PHAP DPUA NHOM CHUC
VAO PHAN TU HQP CHAT HU'U CO
VA SU CHUYEN HOA GIUA CHUNG

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc van dung duoc:

1. Cdc phwong phdp dwa nhém chicc vao phdn tu alkane,
alkene, alkyne, hydrocarbon thom, di vong thom don gian dé
tong hop cac hop chadt hiru co.

2. Cdc phuong phap chuyén héa twong hé giia cdc nhém chire
trong phan tir dan xudt halogen, alcohol va phenol, aldehyde
va ketone, carboxylic acid va dan xudt, amine dé tong hop
cdc hop chdt hitu co.

3.1. DPwa nhém chirc vao phan tir hydrocarbon

3.1.1. Puwa nhom chirc vao phan tir alkane

Alkane 13 hydrocarbon no mach hé, trong phéan tir chi chra lién
két o nén alkane khong tic dung duoc véi cac tic nhan electrophile
cling nhu nucleophile & nhiét d6 thudng. O cac diéu kién khic nghiét
hon, alkane c6 thé tham gia phan mg hoéa hoc, tuy nhién thuong tao ra
mot hon hop nhidu san pham Alkane khong tham gia phan ng cong,
chi tham gia phan trng thé, tach loai va oxi hoa. Hau hét cic phan (mg
ctia alkane déu xay ra theo co ché gbc tu do.

3.1.1.1. Phan vng halogen hoa

Phan tng halogen hoa alkane xay ra theo co ché thé gdc tu do duéi
anh huong cia anh sang tr ngoai (hv), hay ¢ nhiét dé cao khoang 250-
400°C, hodc voi sy c6 mit cliia cac peroxide hitu co tao thanh cac dan
xuat haloalkane (alkyl halide) RX:
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X,
R—H —» R—X

hv/t°/peroxide

Kha nang phan ng halogen hoa alkane cua tac nhan halogen X
duoc sép xép theo trat ty F2 > Cl, > Bro > L. Tuy nhién, tac nhan halogen
dugc str dung nhiéu nhat 1a Cla va Bra vi F2 phan tmg rat manh liét voi
alkane va thudng gay ra sy cit mach carbon va c6 thé gay n6 con I hau
nhu khong tham gia phan ung véi alkane.

Thuc nghiém cho thdy phan mg chlorine héa c6 téc do 16n hon
phan Gng bromine héa nhung phan ung bromine hda thi luén ludn cé
tinh chon loc t6t hon. Trong hdn hop san pham cua phan tng chlorine
hoa, khéng c6 dong phan nao c6 ty 18 vuot trdi hon han so véi cac dong
phan khéac. Nguoc lai, trong hdn hop san pham ctia phan Gng bromine
héa, c6 mot dong phan chiém ty 1é 16n, khoang 97-99% nén c6 thé coi
1a san pham chinh ciia phan {ng.

Do ¢c6 d6 chon loc thép, phan ung chlorine héa alkane thuong
khong thich hop cho tong hop cac dan xuét alkyl chloride trong phong
thi nghiém. Héa chét sir dung trong phong thi nghiém thuong doi hoi
d6 tinh khiét cao. Qua4 trinh tach cac dong phan alkyl chloride ra khoi
nhau thudng rat khé khin do cac dong phan nay cé nhiét do s6i khong
khac nhau nhiéu. Trong cong nghiép, phan tng chlorine héa alkane c6
vai trd quan trong, cac hop chét alkyl chloride dugc sir dung cho nhiéu
muc dich khac nhau nhu 1am dung maéi trong cong nghiép,... Phan tng
bromine hoa alkane c6 thé s& duoc sir dung trong phong thi nghiém do
¢6 dd chon loc tét hon nhiéu.

Vi du: Hai sin pham l-chloro-2-methylpropane (isobutyl
chloride) chiém ty 1& 64% va 2-chloro-2-methylpropane (fert-butyl
chloride) chiém ty 1€ 36% khi thuc hi¢n phan irng gitia isobutane va Clo,
trong khi d6 phan tng ctia isobutane voi Bra s& cho trén 99% san pham
1a 2-bromo-2-methylpropane (zert-butyl bromide):
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Cl
CH;CH(CH;)CH; —>h 22 s CH;CH(CH;3)CH,Cl1 + (CHj3);CCl
5

64% 36%
Br2
CH;CH(CH;)CH; ——— CH,CH(CH3)CH,Br + (CH;);CBr
hv, 127°C
<1% >99%

Céu tric cua phan tir alkane c6 anh huong nhiéu dén sy tao thanh
san pham thé. Cac nguyén tir hydrogen trong phan tir alkane c6 bac khac
nhau s€ tham gia phan ng v&i tdc do khac nhau, tudn theo trat tu
hydrogen bac mt < hydrogen bac hai < hydrogen bac ba.

Phan g bromine héa c6 tinh chon loc t6t hon phan tng chlorine
hoa, do d6 phan ing bromine héa alkane chi uvu ti€én hinh thanh san
pham chinh 13 phan tng thé vao nguyén tr hydrogen c6 bac cao nhét
trong phan tr con phan tmg chlorine héa alkane s& thu dugc hdn hop
san pham.

Vi du: Khi chlorine héa isopentane thu dugc hdn hop san pham
con khi bromine hoéa isopentane thi san pham chinh thu dugc 1a san
pham thé bromine vao nguyén tr hydrogen bac ba:

1 { CH,CICH(CH3)CH,CH; + (CHs3),CHCH,CH,CI

2
CH;CH(CH;)CH,CH; —» 30% 15%
(CH3),CHCHCICH; + (CH;),CCICH,CH,
33% 22%

Br
CH;CH(CH;)CH,CH; # (CH;),CBrCH,CH;
v

3.1.1.2. Phan vwng nitro hoa

Phan tng nitro hoa alkane xay ra theo co ché thé gbc tir do giira
alkane véi nitric acid ¢ nhiét d§ cao tao thanh cac dan xuat nitroalkane:

HNO;
R—H —t> R—NO,

San pham cua phan Gng phy thudc vao ndng do acid va nhiét do
ctia phan tmg. Téc d6 phan tmg ting dan tir carbon bac mot dén carbon
bac ba nén san phdm chinh cta phan tmg s& vu tién thé hydrogen &
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nguyén tu carbon bac cao. Trong cong nghi¢p, thuong thuc hién phan
ung nitro hoa methane, ethane, propane bang HNO3 lodng & nhiét do
khoang 400°C.

Trong phan ng nitro hoa, ngoai san pham thé thu dugc thi phan
ung nitro hoa thuong kem theo su cat mach carbon cua alkane, hinh
thanh hon hgp nhiéu hop chat nitroalkane khac nhau.

Vi du: Phan mg nitro hoa propane hinh thanh mét hdn hop bén
san pham vai cac ty 1€ khac nhau:

CH,CH,CH,NO, + CH,;CH(CH;)NO,

HNO,
CH;CH,NO, + CH;3;NO,
26% 9%

3.1.1.3. Phan vrng sulfo hoa

Phan tng sulfo hoa alkane xdy ra theo co ché thé goc tu do giira
alkane vai sulfuric acid ton tai dang oleum & nhiét d¢ cao hinh thanh
cac hop chat sulfonic acid:

HzSO4.nSO3
R—H ———> R—SO;H

San pham chinh cua phan tmg sulfo hoa alkane 13 san phdm ma
nhom -SOsH s€ uu tién thé vao nguyén tr hydrogen & carbon bac cao
cua alkane.

Vi du: San pham chinh dimethylpropane sulfonic acid thu dugc
tur phan Ung sulfo hoa isopentane:

CH
H,80,.nS0, [
CH3CH(CH3)CH2CH3 T CH3_IC_CH2CH3
SO;H

3.1.1.4. Phan wrng sulfochlorine héa

Phan tng sulfochlorine hoa alkane xay ra theo co ché thé gbc tur
do gitra alkane voi hon hop SO: va Cly & di€u kién anh sang tir ngoai
(hv), tao ra hdn hop san pham sulfonyl chloride 12 déng phan cia nhau:
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SO, + Cl,
R—H — R—SO,CI
hv
Vi du: Phan tng sulfochlorine hoa propane thu dugc hon hop sin
pham gdm dong phan 1-propanesulfonyl chloride va 2-propanesulfonyl
chloride, dugc thé hién & so dd phan tGng:

SO, + Cl,
CH3CH2CH3 —0> CH3CH2CH2802C1 + (CH3)2CHSOzC1
hv, 50°C

Hop chit R-SO2Cl ¢o6 gbc alkyl chura 12-18 nguyén tir carbon
thuong dugc dung dé tong hop cac chat hoat dong bé mat anion
R-SOsNa sau khi kiém hoa bang NaOH:

2 NaOH
R—S0,C1 ——» R—SO;Na

3.1.1.5. Phan wng dehydro hoa

Phéan tng dehydro hoa céc alkane mach carbon ngan nhu ethane
va propane khi dun ndng véi cac chat xtc tac thich hop nhu Cr203 hay
platinum trén chat mang AlOs s€ tao thanh cic alkene tuong ung
ethylene va propylene:

Cr203/A1203
tO
Cr203/A1203
tO

CH3CH3 CHzZCHz

CH3CH2CH3 CH3CH2:CH2

Phan Uing dehydro hoa n-butane & nhiét do khoang 600°C véi xtc
tdc Cr203 trén chat mang Al>,Os thu dugc butadiene, mot loai monomer
quan trong trong cong nghé san xuat cao su tong hop:

Cr203/A1203
CH3CH2CH2CH3 7» CHZZCH-CH:CHz

Phan Uimg dehydro hoa céac alkane c6 mach chinh chira khoang
5-7 nguyén tir carbon s& tao thanh cac cycloalkane.
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Vi du: Dehydro héa n-hexane véi xtc tac platinum s€ hinh thanh
cyclohexane. Cyclohexane c6 thé tiép tuc bi dehydro hoa trong diéu
kién nhiét d0 cao dé tao ra benzene:

Pt t°
CH;(CH,),CH; — —

3.1.1.6. Phan vrng oxi hoa

Alkane bi oxi h6éa & nhiét d0 cao khi c6 tdc nhan oxi hda cung xtc
tac thich hop va c6 thé kém theo sy cat mach carbon, hinh thanh cac san
pham nhu alcohol, aldehyde, ketone hay carboxylic acid.

Vi du 1: Oxi héa n-butane dé san xuat acetic acid CH;COOH véi xtic
tdc Mn(CH3COO), ¢ nhiét do 180°C va ap suat 50atm. San pham phu
cua qué trinh nay thuong la formic acid HCOOH, propionic acid
CH3CH2COOH:

02, MH(CH3COO)2

CH;CH,CH,CH; » CH;COOH
180°C, 50atm

Vi duy 2: Phan (mg oxi hoa khong hoan toan methane dugc dung dé tong
hop formaldehyde, la nguyén li¢u trung gian dugc str dung dé tong hop
cac chét déo ciing nhu nhiéu hoa chit khéc:

O, khong khi

CH;, ————» HCHO
NO, 600°C

Phan tg oxi hoa quan trong nhat ciia alkane 1a phan ting dot chdy
(phan tng oxi héa hoan toan). Trong diéu kién nhiét d cao va oxygen
duoc cung cap day du, alkane bi dt chay hoan toan sinh ra CO,, H,O
va phan Gmg téa nhiét manh. Phan tng d6t chay c6 gia tri & luong nhiét
téa ra tir qua trinh ddt chdy. Chinh vi vay, cac alkane nhu methane,
butane, octane,... dugc st dung lam nhién liéu cho cac dong co. Do do,
phan tng d6t chdy cua alkane c6 tdm quan trong rat 16n trong cong
nghiép ciing nhu trong doi séng hiang ngay.

Nhu vay, viéc dua nhém chirc vao phén tir alkane dé hinh thanh
cac san pham tuong tmg dugc tom tit & so do:
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HALOALKANE
(ALKYL HALIDE)

‘ o
ALCOHOL/ALDEHYDE/ i NITROALKANE
KETONE/CARBOXYLIC ACID ~
".) 7 ~ \,L
ALKANE
) bl ¢
\: ~ 4,
ALKENE/ALKADIENE/ [/ ~ 4 SULFONIC ACID
CYCLOALKANE | B
SULFONYL
CHLORIDE

Bai tap van dung 1

Polyvinyl chloride (PVC) 1a mot loai nhya tong hop, duge su dung
nhiéu thir 2 trén thé gi01 va ing dung nhleu trong san xuat cac d6 dung
bang nhua cimg nhu dng nuéce, day cap, tAim Op trong xay dung, vai gia
da, vo boc day dan dién. Xay dung so ) tong hop nhya PVC tur san
pham chung cat dau mo va héa chét vo co can thiét cung diéu kién phan
g day du.

Huwéng dén: So db tong hop nhua PVC tir methane va hoa chat
vO co can thiét cung diéu ki¢n phan ung day du:

1500°C HCI |
CHy —— CH=CH —» CH,=CHCI —»
LLN
H c1 n
(LLN: Iam lanh nhanh)
Bai tap van dung 2
Hoan thanh so d6 phan tng vé6i cac chat A, B, By, C, Ci, C, déu

13 hop chat hitu co (san phdm chinh) va dugc biéu dién & dang cong
thirc cau tao thu gon.
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Cr203/A1203
> A
t° t°, xt

» (Cao su buna

b

0,, Mn(CH;COO CH;),CHCH,CH,OH
CH,CH,CH,CH » Mn(CH,C00); - (CHa), 2y
SR 180°C, 50atm H,SO, :

Br2 KOH/CzHSOH l 03
BTV —— ¢, —— C

2. (CH3),S

Huong déin: Céc chat A, B, By, C, C1, C2 duoc xac dinh va trinh
bay trén so do6 phan trng:

Cr203/A1203
>

© CHfCH—CHzCHzm Cao su buna
A
0,, Mn(CH;COO0), (CH,),CHCH,CH,OH
CH,CH,CH,CH » CH,COOH » CH,COO(CH,),CH(CH;)
3 3 180°C, 50at H,SO 3 a2 372
, DUatm B o0y B,
KOH/C,HsOH

Brz 1.0
L CH,CHBrCH,CH; ————» CH;CH=CHCH;———3 CH;CHO
hv C C 2. (CH;3),S C
1 2

Bai tap van dung 3

Tt propane, ethanal va hoa chat can thiét ciing diéu kién phan g
day du, dé xuat quy trinh tong hop 2,3,4,5-tetramethylhexane.

Huwéng din: Quy trinh tong hop 2,3,4,5-tetramethylhexane tir
propane, ethanal cung hoa chat can thiét va diéu kién phan img day du:

Cr,04/A1,0;4 HBr Mg
CH;CH,CH; ———— > CH3CH=CH, —» CH;CHBrCH; ——»
ether khan
CH;CHO, H,0/H" SOCl,
(CH;),CHMgBr >

CH3—(|ZH—(|3H—CH3 —>
CH; OH
Na

CH3—(|3H—(|3H—CH3 — CH3—(|3H—(|?H—?H—|CH—CH3

CH; CI CH, CH, CH; CH;
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3.1.2. Dwa nhém chirc vao phan tir alkene

Alkene 13 hop chat hydrocarbon khong no mach hd ¢6 mét lién
két 61 C=C trong phan tir. Viéc dua nhom chie vao phén tir alkene
duoc thuc hién bang phan tng cong ai dién tr, phan ng cong gbe tu
do, phan g tring hop, phan tmg thé gdc tu do va phan tmg oxi hoa.

3.1.2.1. Phdn wrng cong
a) Phan ung cong halogen

Phan tmg cong ai dién tur cua alkene voi cac halogen Xo, thuong
12 Cl, hay Br» x4y ra dé dang trong cac dung mdi tro nhu CCls, CSz &
nhiét d6 thuong hay thap hon nhiét d6 thudng tao thanh cac san pham
1,2-dihalide (1,2-dihalogenua):

X |
AN e 2 AN e
c=C_ —» C-C
7N ce/es, 1N
X

Khi thyc hién phan tng trong cac dung moéi nhu H20, CH3;0H,
CH3COOQH,... thi san pham chinh ctia phan ing khong phai 1a hgp chat
1,2-dihalide.

Vi du: Phan img cdng hop Br: vao ethylene trong dung méi CCly
s& thu dugc san pham chinh Ia 1,2-dibromoethane con trong dung moi
H»0, CH30H, CH3;COOH thi san pham chinh ctia phan tng nay khong
phai 1a 1,2-dibromoethane ma lan luot 1a 2-bromoethanol, 1-bromo-2-
methoxyethane, 2-bromoethyl acetate:

Brz
— CH,Br—CH,Br
CCly .
1,2-dibromoethane
Br
- »  CHBr—CH,Br + CH,Br—CH,0CH;,
CH;0H 1,2-dibromoethane 1-bromo-2-methoxyethane
CHzZCHz — B
r
H—20> CHzBr_ CH2BI' + CHZBY_CHon
2 1,2-dibromoethane 2-bromoethanol
Br
L% » CH,Br—CH,Br + CH,Br—CH,00CCH,
CH;COOH -
3 1,2-dibromoethane 2-bromoethyl acetate
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Can tranh thyc hién phan Gmg ¢ nhiét do cao, anh sang tr ngoai va
khong nén str dung du halogen boi vi phan irng cong ai dién tir vao lién
két d6i C=C c6 thé bi canh tranh béi phan tng thé theo co ché gbc tur
do (Sr).

b) Phan ung cong hydrogen halide

Phan tmg cong ai dién tur cua alkene voi cac hydrogen halide
(hydro halogenua) HX (HCI, HBr, HI) tao thanh cidc dan xuat alkyl
halide (alkyl halogenua) tuong Ung:

X

N ~»  HX |
/CIC\ — (lj C

H

Phan tng thyc hién bang cach cho hoi HCI, HBr hay HI khan nudc
truc tiép vao alkene. Cic dung dich hydrogen halide khong dugc st
dung dé tranh phan ing cong nudc vao alkene tao san pham phu.

Quy tic Markonikov chi 4p dung cho cac lién két d6i C=C c6 sb
nguyén tir hydrogen & hai bén ndi doi khac nhau. Do dé, can phai mé
rong quy tic Markonikov: phan ng cong ai dién tir xay ra theo hudng
tao thanh carbocation trung gian bén hon. Chinh vi vy, trong mot sd
truong hop alkene phan ing vi HX sé& xay ra su chuyén vi theo hudng
tao thanh carbocation trung gian bén hon.

Vi du: Phan ing cong HCI vao 3-methylbut-1-ene s& hinh thanh
san pham 12 mot hon hop goém 2-chloro-3-methylbutane va 2-chloro-2-
methylbutane, dugc thé hién ¢ so d6 phan ung:

HCI
(CH;),CHCH=CH, —» (CH3),CHCHCICH; + (CHj;),CCICH,CHj;
2-chloro-3-methylbutane  2-chloro-2-methylbutane

Thuc nghiém cho thay phan Gmg cong HCI va HI vao alkene s&
1udn tudn theo quy tic cong Markonikov. Tuy nhién phan img cong HBr
vao alkene khong phai ludn tuan theo quy tic cong Markonikov, tiiy
thudc vao su co hay khong cac peroxide trong hon hop phan tng, va da
dugc hai nha khoa hoc Morris S. Kharasch va Frank R. Mayo dua ra
vao nam 1933. Nguyén nhan cua sy tao thanh san pham cong trai véi
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quy tic Markonikov 1a do phan ung cong HBr trong diéu kién c6
peroxide xay ra theo co ché cong gdc tur do.

Vi du: Phan tirng cdng HBr vao but-1-ene khi khong cé peroxide
s& thu duoc san pham chinh 13 2-bromobutane. Tuy nhién, khi c6 su
ton tai ctia cac peroxide (acetyl peroxide CH3;CO-O-O-COCHs,
benzoyl peroxide CsHsCO-0O-O-COCeHs) trong hdn hop phan tng thi
thu dugc san pham chinh 1a 1 -bromobutane, do phan ng cong hop
dién ra theo huéng nguoc véi quy tic Markonikov, dugc thé hién trén
so dd phan tng:

HBr
> CH3CHBTCH2CH3

2-bromobutane
CHZZCHCH2CH3 ——

HBr
L——» BrCH,CH,CH,CH;

peroxide 1-bromobutane

Trong mot sb trudng hop khac, khi thuc hién phan tmg cong HBr
vao alkene duéi tic dung cla 4nh sang tir ngoai, phan mg van hinh
thanh san pham cong ngugc voi quy tac Markonikov, bat ké c6 hay
khong c6 peroxide trong hon hop phan ung va phan ung ciing xay ra
theo co ché cong gbc tu do.

Vi du: Phan img cong HBr vao methylenecyclopentane trong danh
sang tr ngoai thu dugc san pham chinh 1a (bromomethyl) cyclopentane,
nguoc voi quy tac Markonikov, vdi hiéu suat 60%:

HBr
D—cn 2 [ D—cum:
hv

c) Phan ung cong nuoc

Phan tng cong ai dién tir cua alkene voi nude xay ra khi c6 xuc
tac la dung dich acid, thuong st dupg nhat la dung dich H>SO4 50% tao
thanh san pham alcohol theo quy tac Markonikov:

OH
~. ~ HOo 1

c=c_ ——= C-C
7 N H,80, 71 N
H

57



Vi du: Phan tng cong H.O vao propylene hinh thanh san phim
chinh la isopropanol:
H,0
CH,=CHCH; —» CH,CH(OH)CHj
H,S0,

Alcohol ciing dugc tong hop khi cho alkene phan tng véi H2SO4
dam dac. Phan ung dugc thuc hién béng cach cho alkene & dang khi
hay dang loéng vao H.SOs dam dic, tudn theo quy tic cong
Markonikov. Phan @ng nay duoc sir dung dé san xuét alcohol trong
cong nghiép, chang han nhu mot lugng 16n isopropanol dugc san xut
tur propylene.

Mot phuong phap cong nudce theo quy tic cong Markonikov khac
duoc su dung trong phong thi nghiém voi hiéu suat cao la su dung
(CH3COO);Hg trong H>O hay hon hgp THF (tetrahydrofuran)/H>O.

Vi du: Phan Ung cOng nudc vao but-l-ene khi s dung
(CH3COO):Hg trong H>0 s& thu dugc san pham chinh la butan-2-ol:
1. (CH;CO0),Hg/H,0

CH,=CHCH,CH » (CH-.CH(OH)CH,CH
2 232.NaBH4 3CH(OH)CH,CHj;

Pé tong hop alcohol bac thap theo quy tic trai véi Markonikov thi
st dung phan rng hydrobo hoa-oxi héa alkene:
1. BH,

RCH=CH, ——— = RCH,CH,0H
2H202/NaOH

Vi du: Phan tmg hydrobo hoa-oxi héa 3,3-dimethylbut-1-ene s&
tao ra sdn pham chinh 1a 3,3-dimethylbutan-1-ol:
1. B,Hy

(CH;);CCH=CH, ——2% _ » (CH;);CCH,CH,0H
. ® 2.H,0,/NaOH

d) Phan vng cong hydrogen

Phan tng hydro hoéa alkene vdi xuc tac thich hop tao thanh alkane
tuong ng:
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H
7 2 Ve
AN N

Cc=C C
7N PA/PUNI 1IN
H H

Vi du: Phan tng hydro hoa propene thu dugc propane:

H,
CH3CH:CH2 ?q» CH3CH2CH3
1

Xuc tac thuong dugce sir dung cho phan tng hydro hoa alkene 1a
cac kim loai chuyén tiép & dang hat c¢6 kich thudc rat nho, thudng gip
nhat 12 platinum, palladium, nickel. Phan (mg nay goi 14 phan tng hydro
héa xuc tdc, mot phan ing xuc tac di thé, xdy ra trén bé mit cia xic tac
ran va xay ra theo hudng cong cis-. Sau khi phan tng két thuc, xtc tic
dugc tach ra khoi hdn hop phan ing mot cach dé dang bang qua trinh
loc, xtuc tac duge thu hdi va tai st dung.

3.1.2.2. Phadn vwng trung hop

Phan tng trung hop (phan g polymer hoa) cac alkene (monomer
X) thu duge san pham polymer (X)a xay ra theo cac co ché khac nhau
nhu co ché gdc tu do, co ché cation hodc co ché anion tiiy thudc ban
chat alkene va diéu kién phan tng:

nX —» (X)n

Vi du: Phan Ung polymer hoa ethylene st dung xtc tac Ziegler-
Natta, AI(C2Hs)3 + TiCls, thu dugce polyethylene (PE), mot loai nhya
nhiét déo dugc su dung pho bién véi cac ung dung trong in tem nhan
decal nhua; san xuét san pham dong chai, dong goi, 6ng nude, ng dan
khi, mang mong che mua, nhya boc day dién, khép nhén tao thay khop
g6i va khép hang;...:

0 CH,=CH, —Callsh* TG, +CH,—CHy

Phén tmg polymer héa theo co ché gdc ty do thudng sir dung chat
khoti mao la peroxide nhu benzoyl peroxide, fert-butyl peroxide. Phan
mg polymer hoa theo co ché cation can sir dung xtc tac acid nhu
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A1Cl3, BF3 hodc céc acid cho proton H*. Trong phan tng polymer héa
theo co ché anion, can str dung tic nhan c6 tinh 4i nhdn manh dé khoi
mao phan ung nhu BuLi hodc NaNHa. Ngay nay, phan ng polymer
héa c6 thé sir dung cac xtc tac phirc cta kim loai chuyén tiép, goi 1a
phan tng polymer héa phdi tri, v6i xuc tac phirc dugc st dung rong rii
nhat 13 xuc tac Ziegler-Natta, Al(C2Hs)s + TiCla.

3.1.2.3. Phdn vrng thé goc tw do vao goc allyl

~ Phan ung thé gdc tu do vao gbc allyl cua alkene xay ra khi thay
do6i diéu kién phan ting cong ai di¢n tir gitra alkene va halogen.

Vi du: Phan irng gitta khi propylene va Clz ¢ nhiét do khoang 500-
600°C chi thu dugc san pham thé 1a allyl chloride. Khi thyc hién phan
mg & nhiét do thip trong dung moéi CCls va khong c6 chit sinh ra gbc
tu do thi chi thu duoc san pham cong 1a 1,2-dichloropropane:

500-600°C
— > CICH,CH=CH,

CH;CH=CH,

cCl,
L—* » CH,CHCICH,CI
20°C

Phan ing bromine hda vao vi tri allyl ctia alkene thuong hay su
dung tac nhan N-bromosuccinimide (NBS) thay vi dung Br;. Nhiét do,
anh sang tir ngoai, hodc cédc tac nhan c6 kha nang sinh ra goc tu do nhu
peroxide déu giup tang toc dd phan ng bromine hda vao vi tri allyl cua
alkene bang tac nhan NBS.

Vi du: Phan ung bromine héa propene sir dung tdc nhan NBS sé

hinh thanh allyl bromide:
)
dNBr
)

CH,CH=CH, ——» BrCH,CH=CH,

tO
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3.1.2.4. Phan urng oxi hoa
a) Oxi héa bang tac nhén peracid

Phan g oxi hoa alkene bang tic nhan peracid RCOOOH nhu
peracetic acid CH3COOOH, perbenzoic acid CsHsCOOOH, performic
acid HCOOOH,... trong c4ac dung méi khong c6 proton nhu chloroform,
ether tao thanh hop chit epoxy. Hop chat epoxy tham gia phan tng thity
phan véi H2O, phan ing x4y ra nhanh khi c6 xuc tac acid hay base, hinh
thanh san pham trans-diol:

OH

«_ . RCOOOH A _ H0HYOH) < |

S —— Yo F—— o
N CHCly/ether (I)H

Vi du: Phan tng oxi hoa ethylene bang perbenzoic acid thu dugc
ethylene oxide (epoxyethane). Thuy phan ethylene oxide trong moi
truong acid s€ thu dugc san pham ethane-1,2-diol (ethylene glycol):

o C H;COO0H /o\ H,O/H" . (I: ;
H=CH, = & el _
*7%  CcHCl,  H,C—CH, 2 2

Hop chit epoxy tham gia phan tng mé vong véi cac tic nhén ai
nhan 12 do vong epoxy khong bén. Phan tng ciing c6 thé duge xiic tac
bang acid hay base. Truong hop vong epoxy d6i xtimg nhu ethylene
oxide thi kha nang phan (mg cua hai nguyén tir carbon trong vong epoxy
12 nhu nhau. Con khi vong epoxy bat ddi xtmg, hai nguyén tir carbon
clia vong epoxy khong twong duong nhau, san pham tao thanh s& tuy
thudc vao diéu kién thuc hién phan ing. Khi phan ung thyc hién trong
mai truong base, tac nhan 4i nhan s& tan cong vao nguyén tir carbon c6
it nhém thé hon. Con khi thyc hién phan tng trong méi truong acid thi
tdc nhan 4i nhan tin cong vao nguyén tir carbon c6 nhiéu nhom thé hon.

Vi du: Hop chét 2,2,3-trimethyloxirane md vong epoxy véi tac
nhan methanol trong méi truong base hinh thanh san phim 3-methoxy-
2-methylbutan-2-ol va trong méi trudng acid tao thanh san phim
3-methoxy-3-methylbutan-2-ol, dugc minh hoa ¢ so do phan tng:
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OH

CH;0H |
r——* CH;—CH—C-CHj;
CH;ONa | |
OCH; CH;
0 3-methoxy-2-methylbutan-2-ol
CHy\ /.~ CH;
H”" "N(CH,
OCH;
CH;0H I
H,S0O, I |
OH CH;

3-methoxy-3-methylbutan-2-ol

b) Oxi héa bang tic nhian KMnOy loang hodc OsOy ¢ nhiét dg thap

Phan tng oxi hoa alkene bang tac nhan KMnOj lodng trong moi
truong base hodc moi truong trung tinh, hay bang tic nhan OsOs két
hop H20:2 & nhiét 46 phong hodc thap hon thu duoc hop chét cis-diol
(con duoc got 1a glycol).

Vi du: San pham glycol thu dugc khi oxi héa but-1-ene sir dung
tdc nhan OsO4 két hop H20> ¢ nhi¢t dd phong va but-2-ene vi tac nhan
KMnOj4 loang ¢ mdi truong base, nhi¢t 4o 0°C:

1.0504
CH3CH2CH:CH2 S CH3CH2CH_CH2
2. H,0, L
OH OH
KMHO4, OH
CH;CH=CHCH; —-—— CH;CH-CHCH;§
OH OH

c) Oxi hoa bcfng tac nhian KMnOy4 dam ddac o nhiét do cao

Duéi tac dung cua KMnO4 dam déc trong moi trudong acid hodc
base ¢ nhi¢t d§ cao, alkene bi oxi héa kem theo qué trinh ct mach
carbon. San pham ctia qud trinh nay khong phai diol ma 1a carboxylic
acid hodc ketone. Khi thyc hi€n phan ing trong moi trudng base s€ tao
thanh mudi carboxylate, con trong méi trudong acid thi thu duoc
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carboxylic acid. Cdc alkene c6 lién két d6i ddu mach s€ tao san pham
oxi héa Ia COz va thuong khong tich dugc san pham trung gian
HCOOH trong trudong hop nay khi oxi hoa trong moi truong acid.

d) Oxi héa bang tdc nhan ozone

Phan (g oxi héa alkene bang tic nhan ozone trong dung méi tro
hinh thanh aldehyde, ketone hodc carboxylic acid. Phan ung trai qua
giai doan tao thanh san pham trung gian ozonide, hop chit nay thiy
phén trong dung dich véi tdc nhan c6 tinh khir hoac oxi héa khéac nhau
s& tao thanh san pham ozone phan khac nhau. Phan img nay con dugc
dung dé xac dinh ciu tao cua alkene:

San pham oxi hoa bang tac nhan ozone 'é:> Céu tao cua alkene
HCHO + CH3COCH3 CH,>=C(CHz3)2
HCHO + HOCCH,CHO + CH3CHO CH,=CHCHCH=CHCH3

HOC(CH»)4sCHO @

Nhu vay, viéc dua nhoém chirc vao phan tur alkene dé tao thanh cic
san pham tuong trng dugc tom tat & so do:

EPOXY/DIOL/ALDEHYDE/
KETONE/CARBOXYLIC ACID

A

e 3.12.1a »|  1,2-DIHALIDE
o
N 3.1.2.1b
3.1.2.3 3.1.2.1 > ALKYLHALIDE
ALLYL HALIDE | ALKENE >
3.1.2.1c
» ALCOHOL
w
o 3.1.2.1d
veo > ALKANE
POLYMER

Bai tap van dung 1

X4y dung so do phan tng thuc hién viéc dua nhom chirc vao phén
tir 2-methylpropene tao thanh cac san pham chinh twong tng.
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Huwéng din: Sy chuyén héa 2-methylpropene hinh thanh céc san
pham chinh twong img dugc thé hién & so do phan ing:

o
CHs.n

Tto, xt, p
CH;
1. Oy KMnOy(l), OH" |
(CH;),CO + HCHO CH;C(CH;)=CH, » CH;—C—CH,
2. (CHj),S |
OH OH
[1. B,Hg
Br,/CCly HI HlI/peroxide H,/Ni 2. H,0,/OH"
\J
CH3 Br (|:H3 ?H:; ?H:&
| |
CHS—C_ CH2 CH3—(|:_CH3 CH3—CH_CH21 (CH3)3CH CH3—CH_CH20H
|
Br 1

Bai tap van dung 2

Hop chit xabinen duogc phan lap tr nhya thong va thuc hién su
chuyén héa tao thanh cac san phém htru co chinh A, B, C, D, E. Cac
san pham nay duoc biéu dién dudi dang cong thirc ciu tao thu gon theo
so do phan tng. Xac dinh cac hop chit A, B, C, D, E.

1. O, KMnO,, H,0/H" P,05
—» A » B » C
2. Zn/HCI
lNHZOH lCzHSOH, H,O/H"
Xabinen D E

Huwong din: ‘Céc san phém chinh A, B, C, D, E duogc xac dinh va
trinh bay trén so d6 phan tng:
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COOH
10y KMnO4, H,0O/H" COOH ons co
2. Zn/HCl

Xabinen
lNH2OH lCzHSOH, H,O/H"
NOH
COOC,H;
COOC,H;
D E

Bai tap van dung 3

Tir propene va héa chat can thiét ciing diéu kién phan tng day du,
thiét 1ap quy trinh tong hgp 1-bromo-3-chloropropan-2-ol.

Huwéng din: Hop chat 1-bromo-3-chloropropan-2-ol duogc tong
hop ttr propene cling hoa chat can thiét va diéu kién phan ting day du:

NBS CL,/H,0O

CH;CH=CH, — BrCH,CH=CH, —— BrCH,CHOHCHCI
3.1.3. Pua nhém chirc vao phan tir alkyne

Alkyne 1a hop chét hydrocarbon khéng no mach hd c6 mét lién
két ba C=C trong phan tir. Viéc dua nhém chirc vao phan tir alkyne
duoc thuc hién bﬁng phan tng cong ai dién tu, phan ing cong 4i nhan,
phan tmg tring hop, phan ung cia alkyne c6 lién két ba dau mach
(alk-1-yne) va phan trng oxi hoa.

3.1.3.1. Phan urng cong
a) Phan ung cong hydrogen

Phan ung hydro hda alkyne véi xtc tac platinum, palladium,
nickel,... ton tai & dang hat min hodc phan tan trén chat mang than hoat
tinh tao thanh alkane tuong Ung.
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Khi dung xtic tac di dugc giam hoat tinh mot phan nhu xuc tac
Lindlar, dugc diéu ché bang cach két tua palladium trén chit mang ran
CaCOs3 hoac BaSOy4, sau d6 dem xur 1y véi (CH3COO)2Pb va quinolone
thi phan ing hydro hoa alkyne s€ dung lai ¢ giai doan tao alkene (chu
yéu 1a cis-alkene).

Ngoai ra, stt dung Na hodc Li trong NH; 16ng dé chuyén héa
alkyne thanh alkene va voi alkyne c6 lién két ba gitra mach thi san
phém thu dugc 1a trans-alkene. Vay, thuc hién hydro hoa cung nguyén
liéu alkyne, tiy xiic tdc phan Gng sé& thu dugc hai san pham alkene
khac nhau.

Vi du: Hydro héa but-2-yne lén lugt vai xuc tac Pd/C, Pd/CaCOs,
tdc nhan Na/NH3 s€ thu dugc sdn pham butane, cis-but-2-ene, trans-but-
2-ene tuong tng, dugc thé hién & so d6 phan ing:

H,
> CH,CH,CH,CH
Pd/Pt/Ni S
[P 4/C butane
Hz H\ /H
CH,—C=C—CH > C=C
3 3 IPd/Caco3 H;C~  N\CH,
Pd/BaSO, cis-but-2-ene
H , __CHj;

Na/NH3 Cc=C
[Li/NH3 H;C~7 ™H
trans-but-2-ene
b) Phan vng cong halogen

Phéan tng cdng i dién tr cua alkyne vdi cac halogen, thuong 1a
Clz hay Brz dugc thyc hién trong cidc dung mo6i CH2Clz hay CCly thu
dugc san pham trung gian 1a frans-alkene. Khi sir dung du halogen thi
thu duoc dan xuét tetrahalogen cia alkane tuwong tng.

Vidu: San phém 2,2,3,3-tetrabromobutane thu dugc khi thuc hién
phan ung cong Br, du vao but-2-yne trong dung méi CH>Clo:
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Br Br

Br, Br CH Br |
CH;—C=C—CH; ——» Sc=c{ 7 —2» CH—C—C—CH,
CH2C12 CH3 Br CH2C12 | I

Br Br
c) Phan ung cong hydrogen halide

Phan Ung cOng 4i dién tir cia alkyne vdi cac hydrogen halide
(hydro halogenua) HX (HCI, HBr, HI) véi lugng vira du thu duoc san
pham trans-alkene. Khi dung du HX thu dugc dan xuat dihalogen cia
alkane tuong tng, theo quy tic Markonikov.

Néu phan tmg cong HX vao alkyne dugc thyc hién véi xuic tac
peroxide hodc cac tac nhan tao gdc tu do thi phan ing cong xay ra theo co
che goc ty do va thu dugc san pham cong ngugc voi quy tdc Markonikov.

Vi du: Phan Ung cong HBr vao but-2-yne hinh thanh 2,2-
dibromobutane theo quy tac Markonikov:

H Br

HBr H CH; HBr |
CH;—C=C—CH; —» >c=c{ °’ — CHy;—C—C—CHj
CHy” N Br |

H Br
d) Phan vng cong nuoc

Phan ing cdng i dién tir cua alkyne voi nudc xdy ra khi co xuc
tdc HgSO4 trong H2SO4 tao thanh san phim trung gian alcohol theo
quy tac Markonikov. Alcohol thu dugc & dang enol khong bén, thuc
hién qua trinh chuyén héa nhanh (qua trinh tautomer hoéa) thanh
aldehyde hodc ketone tuong trng. Phan ing cdng nudc cua alkyne co
lién két ba giira mach thuong c6 toc d6 16n hon phan tng cua alkyne
c6 lién két ba dau mach. Trong nhiéu trudng hop, phan ing cong nudc
vao alkyne c6 lién két ba gitra mach chi ding xtc tdac H2SO4 con phan
g cua alkyne c6 lién két ba dau mach can phai st dung xic tac
HgSO4 trong H2SO4:

H,0 Tautomer hoa
RC=CH —————» RC(OH)=CH, — % RCOCH;
HgSO4/stO4 enol
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e) Phan ung cong di nhan

Khac v6i alkene, alkyne tham gia phan Gng cong véi mot sd tac
nhan a1 nhan nhu alcohol, amine, carboxylic acid, amide, hydrogen
cyanide (tao ra tir phan ung gitta NaCN hodc KCN v41 H>O/H*) hinh
thanh cac san phim twong tmg.

Vi du: Phan Gng cdng ai nhan vao phan tir acetylene ctia cac tac
nhan alcohol, amine, carboxylic acid, amide bac mt, hydrogen cyanide
tao thanh cac san pham vinyl ether, vinyl amine, vinyl ester, amide bac
hai, acrylonitrile tuong ung, thé hi¢n ¢ so d6 phan ung:

_ROH _ cH,~cHOR

Vinyl ether

R,NH
2 » (CH,=CHNR,

Vinyl amine

RCOOH
CH=CH » CH,=CHOCOR
RCONH, Vinyl ester
» CH,=CHNCOR
| NaCN Amide
L e CH,=CHCN

2. H,0/H" Acrylonitrile

3.1.3.2. Phan wng trung hop

Alkyne tham gia phan (mg oligomer hoa (dimer hoa, trimer hoa)
tao thanh cac san pham tuong tmg & cac diéu kién thich hgp vé xiic tac,
nhi¢t do, ap suét.

Vi du: Dimer hoa acetylene vé1 xtc tac CuCl trong moi truong
NHj3 + NH4Cl thu dugc vinyl acetylene con trimer hda acetylene véi xtc
tac than hoat tinh & nhi¢t do khoang 600°C hay phirc ctia nickel nhu
Ni(CO)2[(CsHe)3P]2, dun nong hinh thanh benzene:

CuCl C, 600°C
2CH=CH ————» CH,=CH—C=CH 3CH=CH ——»
NH;, NH,CI

Vinyl acetylene
Benzene
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Polymer hoa acetylene vdi xuc tac copper ¢ 200-300°C hay xtc
tac phirc Ziegler-Natta (Al(C2Hs)3 + TiCly) thu dugc polyacetylene, mot
polymer dan di¢n:

[Cu 200-300°C
nCH=CH | JrCH CH+
AI(C2H5)3 + T1C14

3.1.3.3. Phan wng oxi hoa

Dudi tdc dung cua tac nhan oxi hoa nhu ozone hay KMnOy trong
mdi trudng acid, alkyne thuc hién phan ng oxi héa ciat mach carbon
tai lién két ba C=C va s& hinh thanh céc carboxylic acid. Pdi v6i alkyne
6 lién két ba dau mach, khi oxi héa bang KMnO4 trong méi trudng
acid s€ thu dugc carboxylic acid va CO».

Phan tng oxi hoa alkyne trudc day thuong duoc st dung dé xac
dinh vi tri ctia 1ién két ba trong phan tir, théng qua ciu tric cia carboxylic
acid thu dugc. Tuy nhién ngay nay, v6i su phat trién cua cac phuong
phap pho hién dai thi phuong phap nay khong con duogc st dung nira.

3.1.3.4. Phdn wng cua alk-1-yne

Nguyén tir hydrogen trong phan tir alk-1-yne dugc thay thé bai
cac kim loai kiém, mot s6 kim loai nang nhu Ag, Cu khi thyc hién phan
ng voi NaH, NaNH2/NH, RMgBr [Ag(NH3)2]"NOs’, [Cu(NH3)2]"CI
thu duoc cac san pham mubi cua alk-1-yne véi kim loai kiém, kim loai
nang twong Ung:

NaH
2 » RC=CNa
NaNH,
» RC=CNa
NH,
R'MgBr
RC=CH » RC=CMgBr
[Ag(NH3),]"NO;
» RC=CAg
[Cu(NH;),]"CI
Y =  RC=CCu
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Alk-1-yne con phan tng voi aldehyde trong CuCl thu duoc
alcohol c¢6 lién két ba C=C trong phan ttr.

Vi du: Phan Gng gitra acetylene vd1 mot lugng du formaldehyde
trong CuCl hinh thanh san pham butyne-1,4-diol, nguyén liéu cho qua
trinh tong hop tetrahydrofurane hay butadiene trong cong nghiép va da
duoc minh hoa trén so dd phan Gng:

HCHO
CH=CH — HOCH,—C=C—CH,0H
CuCl

Nhu vay, viéc dua nhém chirc vao phan tir alkyne dé hinh thanh
cac san pham tuong tmg dugc tom tit & so do:

MUOI/ALCOHOL

A
b 3.1.3.1a
~ » ALKANE/ALKENE
KN
3.1.3.1b ¢
CARBOXYLIC ACID PR ALKYNE 3131 > XYoo
“13.1.3.1d
» ALDEHYDE/KETONE

o
; 3.13.1e »| VINYL (ETHER/AMINE/ESTER)/
(N AMIDE/ACRYLONITRILE

VINYLACETYLENE/BENZENE/
POLYACETYLENE

Bai tap van dung 1

Thiét 1ap so d0 phan (mg dwa nhém chirc vao phén tir acetylene
tao thanh céc san pham chinh tuwong ung.

Huéng din: Su chuyén hoa acetylene thanh cc san pham chinh
tuong tng duogc trinh bay trén so d6 phan tng:
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HOCH,—C=C—CH,0H

HCHO/Cucl  —SU o oy —cH-c=cH
1:2 NH,, NH,CI
NaNH,/NH C, 600°C
NaC=CNa % CH=CH = @
t°, xt, p
P +CH=CH+H

1. NaCN

Hz/Nl Brz/CC14 HBr +

CH;CH; CHBr,CHBr, CH;CHBr, CH;CHO CH,=CHCN

Bai tap van dung 2

Xéc dinh cong thirc cau tao thu gon ciia cac hop chat A, B, C, D
trong so do chuyén hoa:

CH=CH 1. CH;COCH;  C,HsMgBr 1. CO,
BrMgC=CMgBr ——» A » B » C ——>»
2. H,0/H" 2. H,0/H*

Huwéng dén: Céu tao hoa hoc thu gon cta cac hop chit A, B, C, D:

OH
A:  CH=CMgBr C: CH3—(II—CECMgBr
CH,
OH OH
B: CH3—CI—CECH D: CH3—C|—CEC—COOH
éH3 (|3H3

Bai tap van dung 3

Tir dat dén va hoa chat can thiét cing diéu kién phan Gmg day du,
xay dung quy trinh tong hop methyl vinyl ketone (but-3-en-2-one).

Huwéng din: Quy trinh téng hop methyl vinyl ketone tur dat dén
cung hoa chat can thiét va diéu kién phan ung day du:
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H,0 1. NaNH,/NH;
CaC, —» CH=CH ———» CH;—C=CH

2. CH3BI'
H,0 1. HCHO/OH-
— 2 ——» CH3COCH; ————> CH;COCH=CH,
HgSO4/stO4 2. HzO/H ,t

3.1.4. Pua nhém chirc vao phan tir hydrocarbon thom

Viéc dua nhém chirc vao phan tir hydrocarbon thom (arene) dugc
thue hién bang phan tmg thé ai dién tur, phan Gng thé ai nhan, phan
ung thé vao goc alkyl cua alkylbenzene, phdn trng cong va phan tng
oxi héa.

3.1.4.1. Phén ving thé di di¢n tir

San pham ciia phan tng thé ai dién tir vao phan tir hydrocarbon
thom phu thudc quy luat thé vao nhan thom:

- Truong hop nhan thom cé mot nhom thé: Nhom thé day dién
tr (nhém thé tang hoat) s€ dinh huéng nhom thé thtr hai vu tién
vao vi tri ortho- va para- so véi nhoém thé thir nhat. Nguoc lai,
nhom thé hut dién tir (nhom thé giam hoat) s& dinh hudng nhom
thé thir hai wu tién vao vi tri meta- so v6i nhém thé thir nhat.
Pbi voi truong hop nhoém thé 1a halogen va mot s6 dan xuét thé
H. cta toluene hay dan xuit cta styrene nhu cinnamic acid, 13
nhitng nhom thé giam hoat nhung van dinh huéng nhom thé
th{r hai vao vi tri ortho- va para-.

- Truong hop nhan thom cé hai nhoém thé: Néu hai nhom thé
cung dinh hudng uu ti€n vao mdt vi tri trén vong benzene, nghia
1a 4nh huéng ciia nhom thé nay tro gitip cho nhom thé kia, thi
nhom thé i dién tir thi ba s& vao vi tri duoc wu tién d6. Truong
hop khi hai nhém thé c6 sin trong nhan thom dinh hudng nhém
thé thi ba vao nhiing vi tri khdc nhau hoan toan thi nhom thé
ting hoat manh s& c6 anh hudéng quyét dinh so voi cac nhém
thé ting hoat yéu hon hay nhom thé giam hoat. Trong truong
hop hai nhom thé co sin trong nhan thom 1a nhém tang hoat
nhung mirc 6 khong khic nhau nhiéu va dinh huéng nhom thé
tht ba vao nhitng vi tri khac nhau thi yéu t6 khong gian thuong
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quyét dinh, cu thé nhom thé thir ba s& vao vi tri it bj can tro vé
mit khong gian. Khi nhom thé giam hoat & vi tri meta- so véi
nhom ting hoat, nhém thé thir ba s& vao vi tri ortho- so véi
nhém giam hoat nhiéu hon véo vi tri para-.

a) Phan wng nitro hoa

Phan trng nitro hoa hydrocarbon thom véi tac nhan ai dién tir "NO»
(thuong dugc tao ra tir hon hop nitric acid va sulfuric acid dam dac) thu
dugc san pham nitroarene.

Vi du: Phan g nitro hda giita benzene v6i hon hop nitric acid
va sulfuric acid ddm dac & nhiét d§o khoang 50-60°C thu duoc

nitrobenzene:
NO,

HNO3/H,S0,
@ 50-60°C

Néu nhiét do phan ung ting 1én khoang 80°C thi thu dugc san
pham thé hai lan m-dinitrobenzene. Phan tng thé nhém -NO» thr ba
vao m-dinitrobenzene thuong s& xay ra rat cham do nhan thom lac nay
bi giam hoat rat manh. Do d6, mudn tong hop trinitrobenzene c6 hiéu
qua thi str dung toluene, duoc minh hoa trén so dd phan tng:

CH;, COOH

HNO3/HZSO4 N02 KMnO, NO, o OaN N02
T 50-60°C H,S0,, H,S0,, © co2

No2

b) Phan wng sulfo hoa

Phén ung sulfo héa hydrocarbon thom véi tadc nhan i dién tu
*SOsH hay SWO3 (thuong tao ra tur sulfuric acid dam dac hoac oleum) thu
dugc san pham sulfonic acid ctia hydrocarbon thom.

Vi du: So d6 tong hop phenol tir benzene sir dung phan tng sulfo
hoéa va phuong phap kiém chay:
SOH

H,S0, NaOH Hzo/H+
—_—
80-100°C 300°C



c) Phan ung halogen hoa

Phan tng halogen héa hydrocarbon thom voi xuc tac Lewis acid
nhu FeCls, FeBrs, ZnCly, SnCly,... thu dugc dan xuat halogen cua
hydrocarbon thom. Halogen thuong dugc st dung 1a Clz, Br».

Vi du: Bromobenzene thu dugc khi bromine héa benzene véi xtc

tac FeBrs:
Brz
FeBr3

Phan mg halogen héa vao nhan thom xay ra theo co ché thé ai
dién ta. Dudi tac dung cua xuc tic Lewis acid, phan tir halogen phan
cuc manh hinh thanh tic nhén ai dién t¢ manh hon. Ngoai qua trinh
halogen hoa truc tiép vao nhan thom véi xuc tac Lewis acid thi con ¢
thé sir dung tac nhan halogen hoa 1a dung dich hypohalous acid HOX
trong acid vo6 co manh. Trong moi trudong acid manh, HOX bi proton
hoa va phan li thanh tac nhan i dién tir X* va xay ra theo co ché thé 4i
dién tir dé hinh thanh san pham halogen hoa vao nhan thom.

d) Phan vng alkyl hoa

Dudi tac dung cua xtc tdc Lewis acid khan nudc nhu AlCls, FeCls,
BF;, FeBrs3, hydrocarbon thom phan tng véi dan xut alkyl halide (trix
phenyl halide, vinyl halide) dé gin gbc alkyl vao nhan thom theo co ché
thé 4i dién .

Ngoai dan xuat alkyl halide thi c¢6 thé sir dung alkene hay alcohol
lam tac nhan alkyl héa hydrocarbon thom. Khi str dung tac nhan alkene

hay alcohol thi can dung xtc tic Lewis acid hay acid v6 co manh nhu
HF/BF;, HCI/AICI3, dugc trinh bay trén so d6 phan ung:

RX R
O 5O
— —
ROH
HCI/AICI,
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e) Phan ung acyl hoa

Duéi tac dung cua xtc tdc Lewis acid, hydrocarbon thom phan
ung véi acid halide hay acid anhydride dé gan goc acyl vao nhan thom
theo co ché thé ai dién tir, hinh thanh ketone thom:

RCOX COR

Lewis acid
e — —
(RCO),0

Lewis acid

3.1.4.2. Phan trng thé di nhin

Phan tng thé 4i nhan khong phai la phan tng hoa hoc déc trung
cua hydrocarbon thom nhung lai co tam quan trong trong cong nghé
nhu tong hop phenol tir chlorobenzene trong kiém hay san xuat
aniline tir chlorobenzene trong ammonia, dugc minh hoa & so do
phan Ung:

NH,

_NH;
CuzO t° 300°C 280atm

Khi trén nhan thom ¢ cdc nhom thé hut dién tr manh nhu -NO»,
-CN, -SOsH,... ¢ vi tri ortho- hay para- so v6i nhom bi thé thi phan
ung thé 4i nhan vao nhan thom xay ra dé dang hon.

Vi du: Phan tng cua chlorobenzene vdi dung dich NaOH xay ra
& nhiét d6 300°C va ap sudt cao. Tuy nhién, khi o- hay p-
chloronitrobenzene tham gia phan mg thé 4i nhan véi dung dich NaOH
thi chi thuc hién ¢ nhiét 3o 160°C:

Cl OH
NaOH
—_—
160°C

NO, NO,
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3.1.4.3. Phdn irng thé vao goc alkyl ciia alkylbenzene

Phan tmg thé halogen vao gbc alkyl cua alkylbenzene thuc hién &
nhiét d0 cao hodc anh sang tir ngoai thu dugc dan xuat halogen, theo co
ché goc tu do.

Vi du: Phan ung gitra ethylbenzene va Clz (1:1) thu dugc hai san
pham thé, trong do 1-chloro-1-phenylethane la san pham chinh chiém ty
1€ 91%, san pham phu chiém 9% la 2-chloro-1-phenylethane:

CHCICH;
(91%)
CH,CH;
1-chloro-l-phenylethane
Cl,
()
h
t/hv CH,CH,CI
(9%)

2-chloro-l-phenylethane

3.1.4.4. Phan wng cong

Phan ung cong cia hydrocarbon thom véi hydrogen trong diéu
kién c6 xtc tac Ni, Pt, Pd; nhiét d§ thu dugc cycloalkane va halogen
(Clz, Brp) voi diéu kién nhiét do, anh sang tur ngoai thu dugc dan xuit
halogen.

Vi du: Hop chét cyclohexane va hexachlorocyclohexane thu dugc
khi thyc hién phan tng hydro hoa va chlorine hoa benzene trong di€u
kién thich hop, dugc thé hién & so d6 phan ng:

cl

Cl e, H,/Ni

Cl Cl t°/hv 130°C, 10atm
Cl
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3.1.4.5. Phan vrng oxi hoa

Benzene khong tac dung véi tac nhan oxi hoa & diéu kién thuong.
Tuy nhién, trong di€u kién nghi€ém ngat nhu st dung xuc tac V205 &
nhiét do 450-500°C thi benzene bi oxi hda cat mach carbon:

O
02/V205 02/V205
—_ — > HOOCCH=CHCOOH
450-500°C 450-500°C
O

Cac tac nhan oxi hoa thuong duoc sir dyung trong phan ng oxi hoa
alkylbenzene 1a KMnOy4, Na;Cr207, HNOs loang. Khi do, goc alkyl s€
bi oxi hoa thanh nhom carboxyl:

CH, COOH
KMHO4
HZO/H+ t°

Alkylbenzene c6 géc alkyl mach dai sé thuc hi¢n sy oxi hoa cit
mach carbon thanh nhém carboxyl twong ty nhu oxi héa toluene. D6i
v6i alkylbenzene khong c6 nguyén tir hydrogen benzyl sé khong tham
gia phan g oxi hoa nay.

Nhu viy, viéc dua nhom chirc vao phan tir hydrocarbon thom dé
tao thanh céac san pham tuong tng dugc tom tat ¢ so do:

CARBOXYLIC ACID

3.1.4.1a
A »|  NITROARENE
w
N 3.1.4.1b
o L7410 o] SULFONIC ACID
CYCLOALKANE/ 3.1.4.4 3141 |314.1c
DX HALOGEN ARENE 17233093 | DXHALOGEN
- 3.1.4.1d
N »  ALKYLARENE
ye 3.04.1¢ | "
PHENOL/ANILINE > KETONE

77



Bai tap van dung 1

Hinh thanh so d6 phan tmg dwa nhém chirc vao phan tir benzene
tao thanh cac san pham chinh twong ung.

Huwéng din: Su chuyén hoéa benzene thanh cic san phim chinh
tuong trng dugc biu thi & so do phan tng:

)—cnicHyy,

|

CH,=CHCH,/
AICl,

Wl

O

0,/V,05

HOOCCH=CHCOOH -<-——
450-500°C

H,S0,

HNO,/
0 3
50-60 ClH2so4 80-100°C

A
CHzZCHz/ HCN+HCV/
AICI AICI
Cl Cl
Cl Cl
Ch/hv
W SR
o O
—>
130°C, 10atm
Br,/ CH,Cl/ CH,COCV/
FCBI'3 A1C13 A1C13
Y

s Grson Gran Or-ene Orcoon

Bai tap van dung 2

Procaine 13 thudc gy té cuc bo dugc téng hop 1an dau tién vao nim
1905 véi tén thuong mai la Novocaine. Thiét ké so do tong hop procaine
tr benzene, hoa chat can thiét cung di€u kién phan img day du.

Huwéng din: So d6 tong hop procaine tir benzene, hoa chét can
thict va diéu kién phan ung day du:
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CH3 COOH COCl

CH3C1 HNO3 KMHO4 SOC]Z
AlCI, H,S0, H,S0,, t°C
NO, NO,
COOCH,CH,N(C,Hs), COOCH,CH,N(C,Hs),
HOCH2CH2N(C2H5)2 Hz/Ni-Raney
> — >
NO, NH,

Bai tap van dung 3

Cumene 12 nguyén liéu quan trong dé téng hop cac hop chat hiru
co ¢6 nhiéu tmg dung trong thuc tidn nhu phenol, acetone,... Xac dinh
cong thirc cau tao thu gon ciia cac hop chat A, B, C, D, E, F trong so do
chuyén hoa cumene véi ty 1& cdc phan tng 1:1:

CH(CHs),

ClL/FeCly Cly/hv NaOH NaOH
» A

>B—>C—>D

» P

Mg/ etheri
1. Ethylene oxide

2. H,O/H"

Huwéng din: Cong thirc cdu tao thu gon cua cac hop chat A, B, C,
D, E, F dugc xac dinh va trinh bay ¢ so d6 phan ung:

CH(CHj,), CH(CHj3), Cl—C(CH3), HO—C(CH3), HO—C(CH3),
Cl,/FeCl, Cly/hvy NaOH NaOH
- — — o
Cl Cl Cl
A B C D
Mg/etherl
CIMgC(CHjy), HOCH,CH,C(CHj3),
1. Ethylene oxide
2. H,O/H*
Cl Cl
E F
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3.1.5. Pwa nhém chirc vao phan tir di vong thom don gian

Hop chét di vong 1a hop chét hitu co ¢6 ciu tao mach vong, chira
mot hay nhiéu di t6 nhu O, S, N,... trong vong. Gido trinh tap trung gidi
thiéu viéc dua nhom chirc vao phén tir di vong thom don gian bao gdm
di vong thom nam canh mét di t (furan, thiophene, pyrrole) va di vong
thom sau canh mot di td (pyridine). Su chuyén héa cac hop chit di vong
thom don gian dugc thyc hién bang phan tng thé, phan (mg cong, phan
g oxi hoa va phan tmg cua dj t6.

3.1.5.1. Hop chit di vong thom nam canh mét dj to

Furan, thiophene va pyrrole déu c6 kha ning tham gia phan tmg
thé 4i dién tur dé dang hon so v&i benzene va uu tién thé chu yéu vao vi
tri carbon s6 2 (o). Ngoai ra, kha nang tham gia phan tmg cong, phan
ing oxi hoa va phan trmg vao di t6 ctia cac hop chat furan, thiophene va
pyrrole rat khac nhau.

a) Hop chat furan

Pua nhom chirc vao hop chét furan dé hinh thanh cac san pham
twong rng dugc tom tat ¢ so d6 phan ung:

CH;CH,CH,CH,0OH OJ\;\A\O HOCCH=CHCHO
A
H,/Pt 0O,/ Pb(CH;COO0),/
CH;COOH V5,05 CH;COOH
0]
H,/Ni-Raney /C\ 0=©=0 'a‘
<170°C (0)
(0)
(0]
0 Br2/ -5°C HNO3/ SO3/ (CH3CO)20/
0°C dioxane (CH3C0),0/ pyridine AlCl; RLi
pyridine Y
o N o R s U &
(0) Br 0) N02 0) SO3H 0 COCH3 O Li



b) Hop chdt thiophene

DPua nhém chtrc vao hop chit thiophene dé tao thanh cac san phim
tuong tng dugc tom tat trén so d6 phan ing:

Na/Hg I\ 2 C¢HsMgBr

- > C6H5CH CHCH CHC6H5
[ s> C,H;OH S NiCL,[P(C¢Hs)s],
90°C 12/ 0°C HNO}/ SOS/ 0°C CH3COC1/ l(clil3)2N0CHO/
HNO, (CH3C0),0/ | pyridine SnCly/CH, | POC1» 35°C
CH;COOH 2. H,0
O Do, Do Do, 0N
¢) Hop chat pyrrole

Pua nhém chire vao hop chit pyrrole dé hinh thanh cac san phim
tuong trng dugc tom tat & so d6 phan ing:

! !

N N
K MgBr
TKOH TRMgBr

H,/Pt (/ \§ Zn/CH;COOH
H

CH,COOH
H H
oc:|SO2CL/ 1 goc [ HNOs/ oc|SO3/ C1,CCOCl/ N
0 Clether 10°C| (ch,C0),0/ 190°C| pyridine ether CeHsN, Cl
Y
O O Chon Ll O
Nl N” O NO, NTOSOH - N7 NCoCCly N=N-C¢H;
H H H H

3.1.5.2. Hop chit di vong thom sdu canh mot dj t6

Pyridine c6 kha nang tham gia phan tng thé i dién tir kho khan
hon so véi benzene va uu tién thé chi yéu vao vi tri carbon s6 3 ().
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Ngoai ra, pyridine con c6 kha ning tham gia phan Gng thé ai nhan, phan
ung cong, phan tng oxi hda va phan ing vao di to.

Dua nhom chtrc vao hop chét pyridine dé tao thanh cac san pham
tuong tng dugc tom tat trén so do phan Uing;:

| AN
X
CH,
™
N CeHLi N, | RCOOOH N
| - | ) /1 _
N7 CHs N N?
o
Br,/ KNO,/ H,S0,/ RX.RCOX/
oc| B2 300°C 3 200c | H2504 :
300 cl Febr, le$04 HaSO, l ALCL, H,/Pt
Y
) | < O
N N N7 N N
H

Bai tap van dung 1
Xac ‘dinh cong thirc ciu tao thu gon cua cac hop chit A, B, C,D
trong so do phan ung:

C,H;OH/H*

1,/HNO;
B—» C —>»

—>

2. H,O/H*

D

2.H,0

Huong ddn 1: Cong thirc cau tao thu gon cuia hop chat A, B, C,
D trong so d6 phan trng dugc xac dinh:
C

A: Q\CHO : Q\COOCZHS
B: Q\COOH : I/U\COOCZHS

D
S
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Bai tap van dung 2

_ Tupyridine va hoa chat can thiét cung diéu kién phan tng day du,
dé xuat so do tong hop 2-n-butylpiperidine.

Huwéng dén: So d6 phan tng minh hoa quy trinh tong hop 2-n-

butylpiperidine tir pyridine cung hoa chat can thiét va diéu kién phan
ung day du:

| > [ —
N N” CH,CH,CH,CH, N~ CH,CH,CH,CHj,

3.2. Su chuyén héa twong hd giira cac nhém chirc

3.2.1. Chuyén héa din xuat halogen

Dan xuét halogen thom va din xuat halogen khong no, trong d6
nguyén tir halogen lién két truc tiép véi lién két d6i C=C c6 hoat tinh
kém, thuong it dugce cha ¥. Gido trinh chi tip trung dén su chuyén hoa
ctia dan xuét halogen no 1 alkyl halide (alkyl halogenua).

S}_I chuyén hoa dan xuét alkyl halide dugc thuc hién béng phan
ung thé 4i nhan, phan ing tach va phan img vé1i kim loai.

3.2.1.1. Phan irng thé di nhéin

Dan xuat alkyl halide tham gia phan tng thé 4i nhan theo co ché
don phan tir hodc ludng phan tir voi nhiéu tac nhan khac nhau nhu tac
nhan mang dién tich &m (Y") hodc tac nhan c6 chira nguyén tur trung hoa
con doi dién tr tu do (ZY) tao thanh cac san phém tuong tng (RY),
duge minh hoa trén so do:
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Y/ZY Y/ZY

RY - > RY
NH -
RNH, <= — H'O » ROH
, R'NH RO .
RNHR <—-2 —» ROR
, R’,NH R'COO" .
RNR, = » R'COOR
CN- HS’
RCN == RX » RSH
, RC=C RS ,
RC=CR = ‘ » RSR
, R'M HOO
R-R = : » ROOH
NO, R'OO .
RNO, == 2 » ROOR
, R'OOC),CH" SCN-
(R0O0C),CHR g )2 » RSCN +RNCS

Vi du 1: Butyl propyl ether c6 thé dugc tong hop theo phuwong phap
Williamson tir n-propyl bromide va butoxide ion hay n-butyl bromide
va n-proxide ion. Tuy nhién, khi tong hop terz-butyl ethyl ether, thi chi
st dung ethyl bromide va fert-butoxide ion vi st dung tert-butyl
bromide va ethoxide ion thi phan tng tach cta dan xuat halogen bac ba
s& chiém uu thé va tao san pham chinh 13 2-methylpropene:

CH5CH,CH,CH,0"
CH3CH2CH2BI'
CH;CH,CH,O" —» CH,CH,CH,0CH,CH,CH,CH;
CH;CH,CH,CH,Br Butyl propyl ether
(CHy),CO"

tert-butyl ethyl ether
CH;CH,O"
(CH3)3CBI' —_— (CH3)2C:CH2
2-methylpropene

Vi du 2: Quy trinh tong hop adipic acid, mot dicarboxylic acid quan
trong dugc st dung chu yéu trong san xuat nylon 66, polyurethane,...

tir 1,4-dibromobutane, duoc thé hién trén so dd phan tng:

NaCN H,0, HCI
BrCH2CH2CH2CH2Br —— NCCH2CH2CH2CH2CN T’ HOOCCH2CH2CH2CH2COOH
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3.2.1.2. Phan vung tach

Dan xuat alkyl halide tham gia phan Gng tach theo co ché don
phan tir hodc ludng phan tor khi c6 xuc tic base manh (RO-, OH,
NHo,...) tao thanh san pham chinh alkene tuong Ung theo quy tac
Zaitsev:

| | KOH/C,HsOH

—(C—C— ——» —C=C—

t° I

~ Vidu: Phan ng tach loai HBr tir 2-bromobutane s€ thu dugc san
pham chinh la but-2-ene:

CH;07/CH,0H
CH;CH,CHBrCH; ——— = CH;CH=CHCH; + CH,=CHCH,CHj

80% 20%

Khi gbc alkyl ctia din xuat halogen chira nhiéu nhom thé cé kich
thudce 16n, hodc 1a tac nhan base c6 kich thudc 16n thi san phém chinh
ctia phan tng tach s& nguoc véi quy tic Zaitsev, thudng goi 13 san pham
Hofmann.

Vi du: Phan tng tach loai 2-bromo-2-methylbutane, mét dan xuat
halogen c6 kich thudc cong kénh bang tert-butoxide ion hinh thanh
28% san pham Zaitsev va 72% san pham Hofmann:

(CH;);CO"/(CH;);COH
(CH3),CBrCH,CHj; » (CH,),C=CHCH; + CH,=C(CH;)CH,CH;,

28% 72%

3.2.1.3. Phadn wng voi kim logi

Dian xuét alkyl halide tham gia phan tmg vi mot s6 kim loai Mg,
Li, Na, Zn, Hg,... trong dung mdi ether khan hodc dung mdi khan khong
c6 nguyén tu hydrogen linh dong va khong chira nhdm chire hoat dong
& mdi trudng khi tro nhu nitrogen hay argon tao thanh hop chat co kim.
Trong cac hop chit co kim, hop chat co magnesium (hop chit Grignard)
c6 ¥ nghia quan trong nhét trong téng hop hitu co.
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Vi du: Phan Gng cta dan xuét alkyl halide v6i mot s6 kim loai
thuong dung:

Mg 2 Li
CH;CH,CH,Br T CH;CH,CH,MgBr  CH;CH,CH,CH,Br —» CH;CH,CH,CH,Li
ether exane

Mg 27Zn
CH,=CHCH,Br — CH,=CHCH,MgBr 2CH;CH,Br —h> (CH;3CH;,),Zn
THF ether

Déi voi phan ung gitta dan xuét alkyl halide va Na khong dung lai
& giai doan tao hop chét co kim ma thudng hinh thanh san pham alkane.
Phan (g nay c6 tén goi 1a phan ing Wurtz va chi thich hop dé diéu ché
cac alkane ddi xung:

Na
2R—X —0> R—R
t

Nhu véy, chuyén héa din xuat alkyl halide dé tao ra cac san pham
twong ung dugc tém tat ¢ so do:

< 3.2.1.3 3.2.1.1
HOP CHAT COKIM || ALKYL HALIDE |——— RY
w
[N
~
NS}
ALKENE

Bai tap van dung 1
Hoan thanh so d6 chuyén hoa n-butyl bromide v&i hop chat A, B,
C, D, E duoc biéu dien dudi dang cong thure cau tao thu gon:

KOH/C,H;OH  HBr _ KOH/C,H;OH  Br,/CCl, _KOH/C,H;0H
CHyCH,CH,CH,Br ———= A —>B ———>C ——> D ———>F

Huwéng dén: So d6 chuyén hoa n-butyl bromide v6i hop chit A,
B, C, D, E duoc biéu dién dudi dang cong thirc cau tao thu gon:
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KOH/C2H OH HBr KOH/C,H;0H

A B

Brz/CC14 KOH/CzH OH
CH3CH,=CHCH; —— CHyCHBrCHBrCH; —————— CHyCH=CHCH,

C D E

tO

Bai tap van dung 2

Tu n-propyl chloride va hoa chat can thiét cung diéu kién phan
ung day du, xay dung quy trinh tong hop 2-methylpent-4-en-2-ol.

Huwéng dén 2: So do tong hop 2-methylpent-4-en-2-ol tir n-propyl
chloride cting hoa chat can thiét va diéu kién phan tmg day du:

KOH/C,Hs;OH NBS
CH3CH2CH2C1 —t> CH3CH CH2 — > BI'CH2CH CH2

Mg 1. CH;COCH,
— BngCH2CH CHZ —> (CH3)2C(OH)CH2CH:CH2
ether 2. H,O/H"

3.2.2. Chuyén h6éa nhém hydroxyl ciia alcohol va phenol

Su chuyén héa nhom hydroxyl ctia alcohol va phenol dugc thyc
hién bang cdc phan ung hinh thanh alkoxide va phenoxide, phan img
ester hda, phan ung tao ether, phan ung thé (alcohol), phan ng tach
(alcohol) va phén g oxi hoa.

3.2.2.1. Phadn vwng hinh thanh alkoxide va phenoxide

Alcohol tham gia phan ung vo6i kim loai kiém, hop chat co
magnesium, NaH hoac NaNH: tao thanh cac hop chat alkoxide twong ung:

NaH Na
——» RONa
RONa -=-—— NaNH, —— ROH — R'MgX
ROMgX

Phenol tham gia phan tmg v6i kim loai kiém va hydroxide ctia kim
loai kiém hinh thanh mudi phenolate C¢HsO:

ONa OH ONa



3.2.2.2. Phan wrng ester hoa

Alcohol tham gia phan ing véi carboxylic acid khi ¢6 xtc tac acid
manh nhu H>SO4 hodc khi HCI khan, acid chloride, acid anhydride tao
thanh ester twong Ung:

R'COOH
H,SO0,

ROH R COCI > ROOCR'

(R'C0O),0

Vi du: [soamyl acetate, mot ester c6 mui huong tuong ty mui qua
chudi va 1€, dugc tong hop tir isoamyl alcohol va acetic acid bang voi
xuc tac sulfuric acid:

CH,COOH

(CH;),CHCH,CH,OH (CH;),CHCH,CH,00CCH,

2S04

Phenol khong tham gia phan tmg ester hoa truc tiép v6i carboxylic
acid trong diéu kién co xtc tac acid ma phan tng véi acid chloride hoic
acid anhydride tao thanh ester cua phenol. Phan ing ester hoa gitra
phenol va acid anhydride xay ra dé dang khi c6 xtic tac acid hodc trong
moi truong base:

OH RCOCI OOCR
@ (RCO),0 ©
H*/OH"

Vi du: Phenyl acetate dugc tao thanh tir phan ing ester hoa gitra
phenol va acetyl chloride hay acetic anhydride:

OH CH,COCI OOCCH;

(CH;C0),0
H,S0,
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3.2.2.3. Phan vrng hinh thanh ether

Alcohol bac mét khi dun nong voi xuc tac acid, thuong la HaSO4
0 nhiét d§ 130-140°C hodc acid ran nhu Al,Os ¢ nhié¢t do khoang 350-
400°C sé tao thanh ecther:

130-140°C

Vi du: Diethyl ether hinh thanh bang cach dun néng ethanol véi
sulfuric acid ¢ 140°C trong cong nghiép:

Phenol khong tham gia phan Gng hinh thanh diphenyl ether tir hai
phan tir phenol va cling khong c6 kha nang tham gia phan tng voi
oxonium cation cua alcohol dugc proton hoa trong méi trudong acid.
Tuy nhién, phin ng ether héa giita naphthol va alcohol van c6 kha
nang xay ra khi c¢6 xuc tac HoSO4 dam dac:

OH
CH,OH/H,SO, OCH3

Dé tong hop ether cia phenol ¢6 hiéu qua thi sir dung phuong
phap tong hop ether ciia Williamson 1a cho phenol phan tng véi dan
xuat halogen, dimethyl sulfate hay diethyl sulfate trong méi trudng
base. Khi tong hop alkyl phenyl ether thi khong sir dung phan tng gitra
dan xuét halogen thom ArX véi alcolate RONa ma st dung phenol
trong kiém va dan xuét alkyl halide.

Vi du: Ether cta phenol thu dugc khi cho phenol phan ung véi
allyl iodide trong NaOH, dun nong hay dimethyl sulfate trong NaOH,
dun néng, dugc minh hoa ¢ so d6 phan ung:

OCH3 OCH2CH:CH2
(CH3),80, CHy=CHCH, 1
NaOH, t°C NaOH, tOC
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3.2.2.4. Phdn trng thé

Alcohol tham gia phan tng thé 4i nhan véi hydrogen halide HX
(HCI, HBr, HI) trong xtc tac thuong st dung H>SO4 hay ZnCl> khan
tao thanh dan xuét alkyl halide. Pé ning cao hiéu suat phan tng hinh
thanh dan xuat alkyl halide ciing nhu dé tranh xay ra sy chuyén vi thi
st dung cac tac nhan PX3, PXs, SOX> trong dung moi pyridine:

PX;/PX5/SOX, HX
RX «——— ROH —— > RX
pyridine H,S04/ZnCl,

Vi dy: Phan tmg hinh thanh ethylbromide tir ethanol dugc trinh
bay trén so d6 phan Uing:

SOCl, HBr
C2H5C1 B S C2H50H — C2H5C1
pyridine H,S0,

Phan tng thé 4i dién tr vao nhan thom cta phenol xay ra d& dang
hon benzene do nhém hydroxyl ¢6 hiéu ung lién hop day dién tir vao
nhan thom nén nhan thom cua phenol dugc tang hoat, hinh thanh céac
san pham thé & vi tri ortho- va para-. Mot sé phan ng thé ai dién tir
thuong gdp cua phenol tuong ty hydrocarbon thom:

OH OH

COCH;, NO,
OH
CH,;COCI HNO;
OH - — OH
AlCl, 20°C
Br, | CICH,CH,C,
0°C
COCH;, NO,

e

3.2.2.5. Phadn vrng tach

Alcohol thyc hién phan tmg tach nudc theo quy tic Zaitsev khi
dun néng alcohol véi acid HoSO4 hay H3PO4 ¢ nhi¢t do duoi khoang
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200°C hodc cho hoi alcohol di qua Al,O3 hay xtc tac acid rép trén co
s¢ zeolite & nhiét d§ khoang 350-400°C sé& thu dugc san pham chinh
alkene tuong ung:

| xt
—C—C— —» —C=C—
|| t° |
H OH

Vi du: Ethylene thu dugc khi thuc hién phan Gng tach nudc
ethanol voi H2SO4 95% ¢ nhiét do 170°C con phan tng tach nudc
butan-1-ol hinh thanh san pham chinh but-2-ene chi can str dung H>SO4
75% & nhiét do 140°C:

H,S0, 95%

CzHSOH _— CHZZCHZ
170°C

H,S0, 75%
CH3CH2CH2CH20H T()()(:» CH3CH:CHCH3

3.2.2.6. Phdn wng oxi hoa

Phan trng oxi héa alcohol bac mdt va alcohol bac hai sir dung tac
nhan oxi héa KMnOj4, K>Cr207, CrO3, Na;Cr20y,... trong moi truong
acid hinh thanh san pham aldehyde va ketone twong ting, aldehyde tiép
tuc bi oxi hoa tao thanh carboxylic acid.

Dé thu duoc aldehyde voi hiéu suat cao trong phong thi nghiém thi
str dung tac nhan oxi héa pyridinium chlorochromate (CsHsNH*CrOs;CI -
PCC) hoic pyridinium dichromate ((CsHsNH)2>*Cr,07*-PDC) trong dung
moi dichloromethane khan (DCM).

Ngoai ra, khi cho hoi alcohol bac mét va alcohol bac hai qua xtc
tac copper ¢ nhi¢t do cao trong di€u kién thi€u oxygen khong khi sé& thu
duogc hop chat aldehyde va ketone tuong ung.

Vi du: Phan g oxi héa mot s6 alcohol trong cac tic nhan oxi
hoa & diéu kién thich hop:
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K2Cr207/stO4

» CH;CH,COOH
CH;CH,CH,O0H Cu, 200-300°C

» CH;CH,CHO

chr207/stO4

» CH;COCH,
H.CHOHCH, —]
CH;CHOHCH, Cu, 200-300°C

f CH3COCH3

PCC/DCM

CH;(CH,)sCH,OH » CH;(CH,)sCHO

Phan g oxi hoa phenol véi chét oxi hoa manh nhu K(SO3):NO
(potassium nitrososisulfonate, con goi 14 mudi Fremy) hinh thanh san
pham 13 p-benzoquinone (goi tit 1a benzoquinone). Thyc té, benzoquinone
duoc tao thanh tir phan ng oxi hoa hydroquinone bang tic nhan Na>Cr07
trong moi truong acid, duge thé hién & so d6 phan tmg:

OH 0
@ K(SO3),NO Na,Cr,0;
H,0 ¢ “H,80, ©
0

p-Benzoquinone Hydroqumone

Nhu vay, chuyen hoa nhom hydroxyl cua alcohol va phenol dé
hinh thanh c4c san pham twong tng dugc tom tit & so do:

ALKOXIDE/
PHENOXIDE
ALDEHYDE/KETONE/
CARBOXYLIC ACID/ ESTER
BENZOQUINONE 3.2.2.1
5 ,L.q}
.9'6‘ Y.
HYDROXYL

(ALCOHOL, PHENOL)

. 3.2.2.4 <2
ALKENE ETHER

/
ALKYL HALIDE
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Bai tap van dung 1

‘ Xac dqinh cong thirc ciu tao thu gon cac hop chit A, B,C, D trong
so d6 chuyén hoa:

NaOH (CH3),S04 H,S0, 1. Oy
— A ———» B —> C —— > D
1:1 2:1 t 2. Zn/CH;COOH

HO

Huwéng din: Cong thirc cau tao thu gon ctia cac hop chat A, B, C,
D trong so d6 chuyén hoa dugc xac dinh:

OH OH
A /Oij ¥ /(:@
NaO CH;0
CHO
CH,0 CH,0 CH,CH,CHO
Bai tap van dung 2

Duoc phim aspirin (acetylsalicylic acid) c6 tac dung lam giam
dau, ha nhiét va kha nang chong viém. Xay dung so do tong hop duoc
pham nay tir phenol, héa chat can thiét va diéu kién phan tmg day du.

Huwéng din: So d6 phan tmg minh hoa quy trinh tong hop duogc
pham aspirin (acetylsalicylic acid) tir phenol, hoa chat can thiét va diéu
kién phan tng day du:

OH 1. NaOH OH OOCCH;4

2. CO,, 125°C, 100atm ©/COOH (CH;CO),0 ©/COOH
_—
3 . HzSO4 HZSO4

Acetylsalicylic acid

3.2.3. Chuyén héa nhém chirc carbonyl ciia aldehyde va ketone

Su chl‘lyén hoéa nhém chirc carbonyl cia aldehyde va ketone duoc
thuc hién bang phan trng cong a1 nhan, phan img oxi héa - khu.
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3.2.3.1. Phan vrng cong dai nhdn

Phan irng cdng a1 nhan cua tdc nhan c6 nguyén tir carbon tich dién
am vao nhom chuc carbonyl cua aldehyde va ketone s€ thu dugc san
pham hinh thanh lién két gitta carbon va carbon:

2.1.3.4
H,O0/H" T Aldol hoa
KCN ' .
—— R—C—R(H) == R—({—R (H) 1—g+>
+
1.R|C=C
()
N
H*
C=CR;
R—CI—R'(H)
OH

l}l
R—CI—R'(H)

Vi du 1: Sy hinh thanh cac san pham tuong tng clia phan (mg cong ai
nhan gitra ethanal vdi cac tdc nhan c6 nguyén tur carbon tich dién am:

COOH
CH3—é—H
on
CH,NH,
CH3—é—H
on

CH;CH=CHCHO

be

CH;CH(OH)CH,CHO
H,0/H* T CH,;CHO/OH"
N
| 1. NaCN —— 1. CH;MgBr
— CH;—C—H -—— CH; (”: H s . 0
B
1. CH;C=CNa
()
N
H+
?ECCH3
CH3—C|—H
OH
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Vi du 2: Benzaldehyde 14n luot tic dung vé6i acetic anhydride trong xtdc
tdc sodium acetate (Phan ung Perkin), malonic acid (phan Ung
Knoevenagel), benzaldehyde vdi xtc tac KCN (phan ing ngung tu
benzoine) tao thanh cac san phim twong tng:

CH=CHCOOH
CHO

CH(OH)CO KCN (CH;C0O),0
B —
CH;COONa

Cinnamic acid

Benzoine

base J HOOCCH,COOH

()]
CH=CH(COOH), t

Phan trng cOng 4i nhan cta tdc nhan c6 nguyén tir oxygen tich dién
am vao nhom chtric carbonyl cua aldehyde va ketone s€ thu dugc san
pham hinh thanh lién két gitra carbon va oxygen:

(l)H
R—Cl—R'(H) -
OR, R,OH ' H,0 OH
+ -
?Rl H,0/H* o) H'/OH (l)H
R—clr—R'(H) -
OR,

Vi du: Phan ting cOng a1 nhin cua methanal véi nude va methanol
¢ moi truong acid hinh thanh san pham gem-diol, hemiacetal va acetal
tuong ung:
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OH
H—C—H -
OCH,

Hemiacetal

OCH;
H—Cpp
ocH,

Acetal

CH,0H

H,0/H"

H—C—H

OH
HzO |
H* |
OH
Gem-diol

Phan tng cong ai nhan cua tdc nhan cé nguyén tir nitrogen tich
dién am vao nhom chuc carbonyl cua aldehyde va ketone sé thu duogc
san pham hinh thanh 1ién két gitta carbon va nitrogen:

. R,'N —C—T R'NH
R=C—R{(H) <« REGTRED) L 2 R—(ﬁ—R'(H)
NR,' © NR"
Enamine Imine
l NH,OH lNHZNHZ H,NNHCONH, l H,NNHC,H,
R—ﬁ—R'(H) R—ﬁ—R‘(H) R—ﬁ—R'(H) R—(”:—R'(H)
NOH NNH, NNHCONH, NNHCH;
Oxime Hydrazone Semicarbazone Phenylhydrazone

Vi du: San pham tuong ng thu dugc khi thue hién phan ing cong
ai nhan cua benzaldehyde lan lugt véi cdc tic nhan ethylamine,
hydroxylamine, hydrazine, semicarbazide va phenylhydrazine:

—C— C,H;NH
categon M ey
o
NC,H;
¢NH20H lNHzNHz "HZNNHCONHZ ¢H2NNHC6H5
C6H5_ﬁ_H C6H5_ﬁ_H CéHS_ﬁ_H C6H5_(”:_H
NNHCONH, NNHCHs

NOH

NNH,
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Phan tng cong ai nhan cua tdc nhan c6 nguyén ti sulfur tich dién
am vao nhom chuc carbonyl cua aldehyde va ketone sé€ thu dugc san
pham hinh thanh lién két gitra carbon va sulfur:

SO3Na SRl
| NaHSO; , R,SH |
R_CI_R H) =——— R_(ﬁ_R (H) ‘—m R_CI_R (H)
OH 0 2 SR,

Vi du: San pham twong g thu dugc khi thuc hién phan tng cong
a1 nhan cua diethyl ketone 1an lugt vé1 tdc nhan methanethiol trong moi
truong acid va dung dich sodium bisulfite bao hoa trong nudc:

SCH
TON8 - Namso, CH,SH o
2H5 | 25 Il HCI I
OH 0] SCH;

3.2.3.2. Phadn wng oxi hoa-khw
a) Phan vrng oxi hoa

Carboxylic acid hinh thanh tir phan tng oxi hoa aldehyde v&i mot
sO tac nhan oxi hoa:

KMnO,, H,O/H"

chr207, H20/H+
RCHO » RCOOH

Ag(NH3), /NH;

Vi du: Oxi hoa ethanal véi mét sb tac nhan oxi hoa thu dugc acetic
acid, dugc thé hién & so d6 phan Uing:

KMnO,, H,O/H*

chr207, HzO/HjL
CH;CHO » CH;COOH

Ag(NH3),"/NH;

Hop chat ketone thuong bén véi cac tac nhan oxi hoa va phan tmg
oxi hoa ketone it c6 gia tri trong tong hop hitu co. O diéu kién thich
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hop, phan tng cit mach carbon cta ketone xay ra, hinh thanh hop chat
carboxylic acid tuong Ung:

1. 1,/OH"
CH;COCH; ———— CH,COOH
2. H,O/H"

b) Phan ung khu

Phan tng khtr aldehyde, ketone sir dung tdc nhan Zn(Hg)/HCl
(Phuong phap khur Clemmensen), NH2NHz/base (Phuong phap khu
Wolff-Kishner) s€ hinh thanh hydrocarbon. Khi sir dung tdc nhan khtr
LiAlH4 hay NaBH4 hoac Ho/Pt, Pd, Ni, Ru,... s€ thu dugc alcohol bac
mot va alcohol bac hai tuong tng:

LiAlH,/NaBH, Zn(Hg)/HCl

RCH(OH)R'(H) ~— —— RCOR'(H) —|

H,/Pt, Pd, Ni RCHR(H)

NH,NH,/base

Vi du: Khtr acetophenone véi mot s6 tac nhan khtr s& hinh thanh
san pham tuong trng:

LiAlH,/NaBH, Zn(Hg)/HCl

C6H5CH(OH)CH3 - — C6H5COCH3_ > C6H5CH2CH3

H,/Pt, Pd, Ni NH,NH,/base

Nhu vay, chuyén hoéa nhom chire carbonyl ctia aldehyde va ketone
dé tao thanh cac san pham tuong trng dugc tom tat & so do:

HYDROCARBON/|_3.2.3.2b CARBONYL 3.2.3.1 C-C/C-0/
ALCOHOL | (ALDEHYDE, KETONE) ~| C=C-N, C=N/C-S
3.2.3.2a
Y
CARBOXYLIC ACID

Bai tap van dung 1

Hoan thanh so d6 chuyén héa cua acetone vé6i cac hop chét A, B,
C, D duoc biéu dién dudi dang cong thirc cau tao thu gon:
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HCN H,0O/H"  H,S0, _ 1.B,H¢/THF
CH}COCH3 = A »> B 5 » C
t 2. H,0,/0H"

Huwéng déin: So d6 chuyén héa acetone v6i hop chit A, B, C, D
dugc bicu dien dudi dang cong thirc cau tao thu gon:

OH OH
HCN [ H,0/H" |
CH;COCH; —» CH3—(|:—CN ——» CH;— (lj COOH
CH;4 CH;4
A B
H,S0, 1. B,Hy/THF
—*» CH,=C—COOH ———— HOCH,—CH—COOH
t | 2. H,0,/0H" |
CH,4 CH;4
C D

Bai tap van dung 2

Tir m-bromophenol, cyclohexanone va hoéa chét can thiét cing
di€u kién phan ung day du, dé xuat so do tong hop tramadol, mot loai
duogc pham dung dé giam dau.

Huwéng dén: Quy trinh tong hop tramadol tir m-bromophenol,
cyclohexanone, hoa chat can thiét va diéu kién phan ung day du:

OH OCH; OCH;
(CH3),80,4 Mg/THF
©\Br NaOH ©\B to%uene ©\ OCH;
r MgBr H,0
T OH
ij HCHO CH,N(CH3), CH,N(CHj),
(CH3),NH
Tramadol

3.2.4. Chuyén h6éa nhém chirc carboxyl ciia carboxylic acid va mot
s0 dan xuat

3.2.4.1. Chuyén héa nhém chirc carboxyl ciia carboxylic acid
Qud trinh chuyén hoéa nhom chirc carboxyl cua carboxylic acid

dugc thuc hién bang phan mg thé hydrogen cua nhém hydroxyl (1),
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phan tng thé nhom hydroxyl (2), phan tng khir (3) va phan ung

decarboxyl hoa (4) hinh thanh cac san pham twong tmg, dugc thé hién
trén so do:

RH
(4)Tt°
LIIAH‘L‘,H20/HJr M/MzO/MOH/M2CO3
RCH,0H -= 3 RCOOH 0 » RCOOM

)

ROH/H,S0, | xt, t° lSOXz/PX3/PX5 lNHyR'NHQ/R'ZNH
Y

RCOOR' (RC0O),0 RCOX RCONH,/
RCONHR/RCONR,

Vi du: Su chuyén héa nhom chiic carboxyl cua acetic acid hinh
thanh san pham tuong tng dugc minh hoa ¢ so do:

CH,

TNaOH CaO, t°

L1A1H4 Na/NaZO/NaOH/Na2CO3
CH;CH,0H =~ CH,COOH CH;COONa
2

C,HsOH/H,S0,4 | P,0s, t° 150012 lNH3/CH3NH2/(CH3)2NH
\J

CH;COOC,H; (CH;CO),0 CH;COClI  CH;CONH,/
CH;CONHCH,/
CH;CON(CHj),

3.2.4.2. Chuyén héa nhom chirc carboxyl ciia mt sé din xudt

a) Ester

Ester tham gia phan tng thuy phén (1), phan ng trao d6i ester (2),
phan mg véi ammonia va mot sd dan xudt (3), phan tng khir (4), phan

ung voi hop chatwco magnesium (5) va phan timg ngung tu Claisen (6) tao
thanh cac san pham tuong tng, dugc thé hién & so d6 chuyén hoa:
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RCOOH/RCOO"

\
RCOCH(R )COOR' &, @\ RCOOR,/R;COOR’
ONNI0 1
(6) Ve \& ( )‘3”\ ‘2~\C "D
5 RCOOR'
(e Ny (3
NV & Mgy K{?/@ 4
) 2 Ny
llh Y LIAIH, o, 3]

R—C—R, H,0/H* 20z~ RCONH,/RCONHR//
| 4) RCONHNH,/RCONHOH
OH

RCH,OH + ROH

Vi du: Su tao thanh cac san pham tuong ung tur su chuyén hoa
ethyl acetate dugc trinh bay & so do:

CH3COOH/CH;CO0"

3 3 0&“\ CH;COOCH,/C,H;COOC,H;

CH;COCH,COOC,H; o& RS

20,
CH;—C—CH, 4 CH,CONH,/CH,CONHCH,/
CH;CONHNH,/CH;CONHOH
CH;CH,OH

b) Acid anhydride

Acid anhydride tham gia phan ung thuy phan (1), phan ung véi
HCI khan khi dun néng (2), phan tng acyl hoa (3) va phan tng véi
hydrogen peroxide (4) hinh thanh cac san pham tuong tmg, duoc thé
hién trén so dd chuyén hoéa:
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RCOOH/RCOO’

A
H*/OH"
(D
H202 HCI khan, to
RCOOOH ) (RCO)0 ——> RCOCI
(3)
lR'OH NH, lR'NHZ
Y

RCOOR RCONH, RCONHR'

Vi du: Sy tao thanh cac san pham tuong tng tir sy chuyén héa
acetic anhydride dugc trinh bay ¢ so do:

CH,COOH/CH;CO0"
A
H*/OH-

H,0, HCl khan, t°

lC2H5OH NH, lCH3NH2
Y

CH,COOC,H;  CH,CONH, CH;CONHCH;

c) Acyl halide (acid halide)

Acyl halide (acid halide) tham gia phan rng thuy phan (1) phan
ing voi alcohol (2), phan Gmg v61 ammonia va mot so dan xuét (3),
phan tng v&i mubi carboxylate (4), phan tng vé&i hop chat co
magnesium (5) va phan ung véi hydrocarbon thom (6) tao thanh céc
san pham twong Gmg, duoc thé hién trén so d6 chuyén hoa:
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RCOOH/RCOO”

RCOCH: _C A
6 6”244 , HYOH & RCOOR
NG (1) 2
D
N RCOX e
S
k@“’jr’ X Q?O\) [ )
] 2/
R QY , 2 /\’/y \
L R'COONa RCONH,/RCONHR/
R— (lj—R Yy @ RCONR),
OH RCOOCOR

Vi du: Sy tao thanh cac san pham twong tng tir sy chuyén hoa
acetyl chloride dugc trinh bay & so do:

CH;COOH/CH;COO"

CH3COCHs NSoty CH,COOC,H
"/«4 Hon % ’ 2
0
CH,COCl e
3 /\ij
@% 3/0@
C)Qs"‘: (O& 3/\][7
| HCOONa CH;CONH,/CH;CONHCH,/
—(—CHs CH;CON(CH;),
OH CH;COOCHO
d) Amide

Amide tham gia phan Gng thuy phan (1), phan ung khu (2), phan
ing voi P2Os hay PCls (3) va phan tng thoai phan Hoffmann (4) tao
thanh cac san pham twong tmg, duoc thé hién trén so d6 chuyén hoa:
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RCOOH/RCOO”

H'/OH
(1
Xz/OH_ L1A1H4/H20
(3)lP205/PC15
RCN

Vi du: Sy hinh thanh cac san phim twong Gmg tir sy chuyén héa
acetamide dugc trinh bay ¢ so do:

CH;COOH/CH;CO0"

THWOH'
Brz/OH- L1A1H4/H20

lpﬂ)ypcg
CH,CN

Bai tap van dung 1

Xac dinh cong thirc ciu tao thu gon cua hop chit A dén L trong
so do chuyén hoéa, trong d6 cac phan ing déu dung du tac nhan:

NaCN H,O/H* LiAlH, HBr NaCN H,O0/H*
Br(CH,;Br —» A —» B —» C —» D —» E —>»

C,Hs0H C,HsONa H,0/H" LiAIH, H,S0,
—>» G —» H —» | —/—» ] —>»
H2$O4 to to

Huéng dén: Cong thirc cu tao thu gon cta cac hop chit tir A dén L:

: NC(CH,);CN H: I
E: NCCH,(CH,);CH,CN o oH

. HOOC(CH,);COOH
F: HOOCCH,(CH,);CH,COOH COOC,H;
: HOCHz(CH2)3CH20H
G: C,H;00C(CH,);COOC,Hs

. BTCHz(CH2)3CH2Br
I: L:
(6]
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Bai tap van dung 2

Toéng hop methyl salicylate (dau xanh), mét dugc pham c6 tdc
dung giam dau; ha nhiét va kha nang chdng viém tir phenol, hoa chit
can thiét va diéu kién phan tng day du.

Huong ddn: So db tong hop methyl salicylate (dau ‘xanh), mot
dugce pham co tac dung giam dau; ha nhiét va kha nang chbng viém tur
phenol, hoa chét can thiét cing diéu kién phan tGng day du:

OH OH

OH
1. NaOH
OOH COOCH
2. CO,, 125°C, 100atm ¢ CH;0H ©/ 3
3. H,S0, H,S0,

Methyl salicylate

3.2.5. Chuyén h6a nhém amino ctia amine

S},I chuyén hoa nhém amino cua amine dugc thuc hién bﬁng phan
ung the hi¢n tinh base (1), phan tng alkyl hda (2), phan tng acyl hoa
(3), phan tmg sulfonyl héa (4), phan ung oxi héa (5) va phan ung voi
HNO:; (6) tao cac san pham twong ung, dugc thé hién trén so do:

RNHOH
RNHSO,CHs
@ [O](5)
CgHsS0,Cl HNO, (6)

R'COX/(R'CO),0 H* +
RNHCOR' - 3 RNH, T RNH;

(2)| R'X

1:1 1:2 1:3

r 2 —
RR'NCOR' %HR' @ —l_RNRL'Z‘ @ > RNR,X"
l(“) (5) l(6) l(“) (5) l(6)
Y Y

) B " y Tt
RR'NSO,C4Hs RN(OH)R' RR'NNO \/\ RR',N—0" \/\
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Vi du 1: Sy hinh thanh cc san phim twong Gng tir sy chuyén hoa
methylamine dugc minh hga & so do:

CH;NHOH
CH;NHSO,C¢Hs CH;OH

H
C¢HsS0,Cl 20, HNO,

CH,COCl H .
CH;NHCOCH; <=————— CH;NH, — CH;NH;

CH,Cl

1:1 1:2 1:3

CH,COCI L oy —
(CH3),NCOCH; CH;NHCH; (CH3)3N > (CH3)4N"Cl

C6H5SOQC1l H,0, HNozl
\J

(CH;),NSO,C¢Hs CH;N(OH)CH; (CH;3),NNO (CH3);N—O"

i

H,0,

Vi du 2: Su chuyén héa nhém amino cua aniline thanh cdc sdn pham
tuong trng dugc thé hién ¢ so do:

pH=8-9
< >—N:N—< >—OH ~——— CHsN,'CI CeHsNHSO,CgHs
CHOH 7
H,SO5
NaNO,/HCl, 0-5°C C¢HsS0,Cl
CH,COCI H*
CeHsNHCOCH; ~<————{C(HsNH,— CGHsNH;"
CH,Cl
1:1 1:2 1:3
\ CH4CI / CH4CI : -
C¢HsNHCH, C4HsN(CH;), > CeHsN(CH;);Cl
lCH3COC1 lHNOz
C¢HsN(CH;)COCH; C¢HsN(CH;)NO

Bai tap van dung 1
Hoan thanh so do tong hop adrenaline v6i hop chat A, B, C, D
duoc biéu dién dudi dang cong thic cau tao thu gon.
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OH OH

NH2 NaNOyHCI  H,0 CICH,COCI  CHyNH,  Hypt OH
— > A —> B C D
0-5°C POCL, 1:1 11
CH(OH)CH,NHCH,
Adrenaline

Huong dén: So db tong hop adrenaline vo1 hop chat A, B, C, D
duoc biéu dién dudi dang cong thire cau tao thu gon:

OH OH OH
-
NH> - NaNoy/HCl N g0 OH
0-5°C
A B

OH OH OH
CICH,COCI OH  cHNH, OH i pe OH
R B —
POCI,, 1:1 B

COCH,CI COCH,NHCH; CH(OH)CH,NHCH,

C D Adrenaline

Bai tap van dung 2

Xay dyng quy trinh tong hop p-dimethylaminoazobenzene
(methyl yellow), mot loai phém mau azo dung lam chét chi thi mau,
chét nhud¢m mau tur acetylene, bromomethane, héa chat vo co can thiét
ciing diéu kién phan tng day du.

Huwéng dén: Quy trinh téng hop p- dimethylaminoazobenzene
(methyl yellow) tu acetylene, bromomethane, hoa chat v6 co can thiét
va diéu kién phan tng day du:

NO, NH, N,*Cr
600°C HNO,/H,SO, Fe/HCl NaNO,/HCl
Csz —_— _— E—
C 1:1 0-5°C
1. CH;Br (1:2) N(CHj3),
2. NaOH

QNZNON(CH3)2
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NOI DUNG ON TAP

3.1. Trinh bay so dd phan tng tém tit viéc dwa nhom chirc vao phan
ti alkane, alkene, alkyne, hydrocarbon thom va di vong thom
don gian.

3.2. Hoan thanh so dd chuyén héa styrene, trong d6 hop chat tir A dén
I duogc biéu dién duéi dang cong thirc cdu tao thu gon.

N/
HBr M
= A £ = B o » C
CH,CO-0-0-COCH;  C,H;0C,Hs ~ H,O/H"
CuO 02 SOC12 A1C13 L1A1H4 stO4
—» D » E » [ » G » H »
t° Mn2+ t°

3.3. Trinh bay so d6 phan tng tém tit qué trinh chuyén héa giita céc
nhom chirc trong phan tir dan xuat halogen, alcohol va phenol,
aldehyde va ketone, carboxylic acid va dan xuat, amine.

3.4. Dé xuit quy trinh téng hop methyl da cam (methyl organe), mot
pham mau ho azo duoc st dung rong rdi trong phong thi nghiém;
cong nghiép dét may, in an, san xuat gidy,... tir aniline va héa chat
can thiét ciing diéu kién phan tng day du.

3.5. Xac dinh cong thirc cau tao thu gon cua cdc hop chat tir A dén G
trong so do chuyén hoda, biét rang thuc hién phan ing ozone phan
hop chat B hinh thanh san pham OHC(CH»)sCHO.

H2504 C6H5CO-O-O-COC6H5 1. CH3MgI K2Cr207 1. CH:;MgI H2504
—>B » C ———» —> EBE—>» F ——>
t 2. H,0/H" H,S0,4 2. H,O/H* t

3.6. Lap quy trinh tong hop thudc giy té cuc bd benzocaine tir p-
nitrotoluene, héa chat can thiét cing di€u kién phan ung day du.

3.7. Dé xuit so do chuyén héa methane, bromoethane dé hinh thanh
cac san pham tuong trng.
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3.8. Hoan thanh so d6 chuyén héa phenol véi cdc hop chat tir A dén F
dugc bi€u dién dudi dang cong thirc cau tao thu gon.
OH
(CH;3),C=CH,  H,/Ni CuO 1.CH;MgBr  H,SO, 1.0;
———» A—>» B C———»D—FE

(0} 0 F
H,S0, % p t 2. H,0/H* t 2.7Zn, HCI

3.9. Xay dungso do tong hop thude khang sinh sulfanilamide tir anline
va héa chit can thiét ciing diéu kién phan tng day du.

3.10. Xa&c dinh cong thirc ciu tao thu gon cua cic hop chattir A #én G
trong so d6 tong hop nylon 66. Biét rang hop chat A phan g
v6i thude thir Schiff va phenylhydrazine, B tan dugc trong dung
dich NaHCOs3, D tan dugc trong H.SO4 dac, lanh va khong lam
mat mau dung dich KMnOs.

KMnO, t° H,/Ni HCl
C5H402 _> C5H4O3 —>» C4H4O _t> C4H80 —> C4H8C12
A B C D E
KCN H,0/H* H,N(CH,)¢NH,
—> C6H8N2 e C6H1004 _ yl()n 66
F G

3.11. Thié't 1ap so d6 chuyén héa ethanol, ethanal hinh thanh céc san
pham tuong trng.

3.12. Hoan thanh so d6 tong hop phenacetin, mot loai thudc giam dau
va ha sot véi cac hop chat tir A dén E dugc biéu dien dudi dang
cong thurc cau tao thu gon.

OC,H;
Sn/HC1 1. NaNO,/HCl, 5°C OH" SnCl, CH;COCI
— A » B————» C —» D —— E (phenacetin)
2. C¢HsOH (C,H5),80,
NO,

3.13. Xac dinh cong thirc cAu tao thu gon cta hop chit A; dén A4 6 so
d6 chuyén hoéa.
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N, CHjLi
| —
=
N
Huwéng dén:

1

KMnO,, H,O/H*
_—

tO

S0Cl,

Ay —»

NH,

A3—>A4

- Su dung phan mém ISIS Draw hodc ChemDraw dé v& cong
thirc cdu tao céc hop chat héa hoc ¢ ndi dung on tap 3.2, 3.5,
3.8,3.10,3.12 va 3.13.

- Tham khao tai liéu 3, 4 dé tim hiéu co ché céc phan tmg dua
nhém chirc vao phan tir hop chét hitu co va sy chuyén héa
giita chiing trong noi dung on tap 3.1 va 3.3; tai liéu 5 dé thuc
hién ndi dung 6n tap 3.10.

- Goi y: Cong thuc cAu tao thu gon cua G (3.2), D (3.5), E(3.8),
A(3.12) va A2 (3.13).

3.2 3.5 3.8 3.12 3.13
G D E A Az
©i’> (IOH CH3 OC2H5 m
CH, N" “COOH
o
C(CHz), NH;CI
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Chwong 4
PHUONG PHAP PONG VONG
VA MO VONG

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc dp dung duoc:

1. Cdc phwong phdp déng vong bao gom phwong phdp dong
vong ngi phan tw, phwong phdp cong hop vong va phuong
phdp vong héa vong electron dé tong hop cdc hop chdt hitu
co mach vong tir cac hop chat hitu co mach hé hodc cdc hop
chat hitu co mach vong.

2. Cdc phwong phdp mé vong bang phan g khir héa, phan
ing cong hop va phan ing sir dung mét sé tac nhan khdc dé
chuyén héa cac hop chat hitu co mach vong thanh cdc hop
chat hitu co mach ho.

4.1. Phuong phap dong vong

4.1.1. Phuong phap dong vong ngi phan tir dua trén sy twong tac
electrophile - nucleophile

4.1.1.1. Phdn ung alkyl héa
a) Phan ung alkyl héa dan xuét alkyl halide

St tao thanh hop chit hitu co don vong tir ddn xuét alkyl halide
mach hd, c¢6 hai nguyén tir halogen trong phan tir vi xuc tac thich hop:

CH,X
/2 Xc tac /CHz
(CHy), — (CHy)y_ |
CH,X

Vi du 1: Hop chat cyclopropane, cyclobutane va cyclopentane dugc
hinh thanh tr 1,3-dibromopropane véi xtc tdc Na; 1,4-dibromobutane
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va 1,5-dibromopentane v&i xdc tic Li-Hg trong dung moi
tetrahydrofuran (THF) tuong ng:

H,

C CHzBr
/" ~CH, Li-Hg/THF / Na /CHz
H,C I <« (CHy), —»= CH |
_—CH, n=3 AN n=1 ™
IC{ CH,Br CH,
2

n=2 l Li-Hg/THF

HzC_CHZ
HzC_CHz
Vi du 2: Khi str dung xtic tdic C2HsONa, hgp chat 1,3-dibromopropane

thuc hién phan tng Perkin voi tac nhén diethyl malonate hinh thanh hop
chat hitu co don vong:

C/I_ICHZBI' CH2(C00C2H5)2 ©<COOC2H5
2
“CH,Br  C2HsONa COOC,H;

b) Phan ung C-alkyl hoa o nhdn thom

Hop chat hitu co hai vong dugc tao ra bang phan mg C-alkyl héa
¢ nhan thom theo co ché electrophile:
CH,CH,CH,CH,0H

—

Su mé rong vong hodc thu hep vong dugc thuc hi¢n béng phan
ung chuyén vi cic hop chat hiru co mach vong.

¢) Phan imng chuyén vi
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- Sy mo6 rong vong:

H,S0,
CH,0H —— ‘
H,SO
2_>4 3
CH,OH

- Su thu hep vong:
OH
CH; H,S0O,
OH —> CH;
CH, COCH;,
HNO,
NH, ——»
OH CH,OH

4.1.1.2. Phadn wng acyl hoa

Hop chét hitu co hai vong dugc tao thanh tir hop chit hitu co don
vong bang phan tng acyl hoa:

CH,CH,COOCH,
@ CH;ONa @
CH;0Na 0

Ngoai ra, hop chét hiru co hai vong dugc tao thanh bang phan ting
C-acyl h6éa & nhan thom theo co ché electrophile:

H,CH,COCI

O
& =
—_—
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4.1.1.3. Phdn trng ngung tu
a) Phan ng aldol ndi phan tr

Phan tng aldol ndi phan tir xay ra khi trong cung mot phan tir c6
hai nhém carbonyl ¢ vi tri thich hop, hinh thanh hop chat hitu co don
vong va thuong uu ti€én vong nam canh hay sdu canh:

NaOH/H,0
CH3COCH2CH2CH2COCH3 7’ CH3

0]

Bén canh d6, hop chit hitu co hai vong ciing dugc tao thanh tir
phan tng aldol noi phan tu:

CH,

e e
—_— O

CH,COCH,CHj

b) Phan ung Robinson

Phan trng Robinson 1a phan tng tao thanh ketone khong bao hoa
a, B trong vong cyclohexane khi sir dung ketone phan tng véi methyl
vinyl ketone & moi truong base:

0]
—J]\ o
EErE—
base m

c¢) Phan ung Dieckmann

0]

Phan trg Dieckmann la phan g ngung tu hop chét diester trong
moi truong base hinh thanh hop chat B-keto ester:

o
0

OR base O
—
O OR

OR
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Vi du 1: Sy hinh thanh B-keto ester vong nam canh tr diethyl adipate
v6i sodium ethylate theo phan ing Dieckmann:

COOC,H;
COOCZHS C2H50Na
[ — O
COOC,H;

Vi du 2: Hop chit hitu co hai vong duoc tao thanh tir phan tng
Dieckmann:

CH2CH2COOC2H5 C2H50Na
_—
CH,COOC,H;

O

COOC,H;

d) Phan vng Williamson
Phén ng dong vong theo Williamson dé hinh thanh hop chét ether
mach vong, dac biét 1a ether vong c6 kich thudce 16n, da chuc:

H
Br O/ O

e) Phan ung Michael

Két hop phan tGng Michael va phan Gng Claisen dé téng hop
dioxoester:

0]

0 o)
| C,H;00CCH,COOC,H;
C,HsONa - COOC,H; CoHsONa o

COOC,H; COOC,H;

Két hop phan tng Michael va phan tng aldol dé tong hop vong
sterane:
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OH

OH OH
£
t b_>
o base o ase
o) o)
f) Cdc phan ung ngung tu khdc
Tir hop chét dinitrile mach dai:
CH,CN
base
(CHy), — (CHy){ O
CH,CN
CN
Tir hop chat diethyl oxalate:
CH,4 COOC,H;
o ~OC,Hs 0
CH3CH,COCH,CH; 0=C C,H;00CCHCH,CHCOOC,H;
o C,HsONa O:C\OC2H5 C,Hs;ONa G
CH; COOC,H;
Tir hop chit alcohol:

H,S0,
—
OH t°

4.1.1.4. Phdn vng nhiét phdan
a) Phan ung dehydro hoa

Khi str dung xtc tic kim loai Pt & nhi¢t do cao khoang 300°C, céac
alkane s& thyc hién phan ung dehydro hoa dong vong va hinh thanh
cycloalkane nam canh dén bay canh:

116



Pt
CH;);CCH,CH(CH — CH
(CH3);CCH,CH(CH3), 30050 CH3~Q 3

CH,
CH,
Pt
(CH3)3CCH2CH2CH(CH3)2 M CH3

CH;

Truong hop alkane c6 mach carbon 16n hon nam nguyén tir thi
khi thyc hién phan tmg dehydro héa, dau tién s& hinh thanh
cycloalkane tur sdu canh tr¢ 1én, sau do tiép tuc thyc hién phan Ung
dehydro héa tao thanh benzen hoidc dan xudt cua benzene, dugc trinh
bay trén so d6 phan tng:

dehydro hoa
CH3CH2CH2CH2CH2CH3 M

Tuy nhi€n, vi su ton tai cua nguyén tir carbon bac bon trong phan
tor alkane s€ can tré qua trinh hinh thanh benzen hodc dan xuat cua
benzene:

CH,
Pt
(CH3);CCH,CH,CHCH; - CH,

b) Phan ung Piria

Phan tng Piria 1a phan ung nhiét phin muodi calcium cua
dicarboxylic acid tao ketone vong nam canh, sdu canh:

Ca(OH t°
COOH (OH), coo\C o
COOH coo”
0
COOH Ca(OH), 00—Ca
(::JpOOH > COO
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c) Phan vng Ruzicka

Phan rng Ruzicka Ia phan irng tao thanh ketone vong 16n khi dun
nong dicarboxylic acid véi xuc tic thorium oxide:

hO
HOOCCH,(CH,),CH,COOH —?ﬁ.(CHggi>>=o

Bai tap van dung 1

Xéc dinh cong thirc cdu tao thu gon ciia hop chat tir A dén I trong
so do chuyén hoéa véi ty 1€ cac phan ung 1:1.

Mglether |0 o PBI3 | NaCN HZO/H+ SOCl, _AICl; 1.NaBH,
A——=B D E G I Q

Hwong dén: Cong thtrc céu tao thu gon cua cac hop chat tr A
dén I:

Br MgBr

E: F: G: I:
CN COOH COCl1

Bai tap van dung 2

Tién hanh dun diethyl adipate voi sodium ethylate thu dwgc san
pham A. Khi dun néng A véi xtc tac acid thu dugc san pham B, con
dun ndng A véi ethyl bromide thu dugc san pham C. Xac dinh cong
thirc cAu tao thu gon cua cdc hop chéat A, B, C.

Huéng déan: Cong thirc ciu tao thu gon cuia cic hop chét A, B, C:

(0] B: E>=O C: O
C,H;

COOC,H; COOC,H;
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Bai tap van dung 3

Tir cyclopentanone va hoa chat can thiét cung diéu kién phan Gng
day du, dé xuat so do tong hop cyclohexanone va ngugc lai.

Huwéng dén:

- T cyclopentanone téng hop cyclohexanone:

HNO; C,H;OH LiAlH
0O— HOOC(CH,);COOH ——— C,H;00C(CH,);COOC,H; ——— HO(CH,);0H
o lHBr

1. Ca(OH), H,0/H* KCN
-— HOOC(CH,)sCOOH <—— NC(CH,)sCN <«— Br(CH,)sBr
2.t

- T cyclohexanone tong hop cyclopentanone:

HNO; 1. Ca(OH),
— HOOC(CH,),COOH T» O

4.1.2. Phwong phap cfng hop vong
4.1.2.1. Phadn ung Diels-Alder

Phan tng Diels-Alder 1a phan ng cong dong vong 1,4 cua mot
alkadiene c6 hai lién két doi C=C lién horp (diene) voi mot alkene hoac
alkyne (dienophile) hinh thanh hgp chat vong sdu canh:

= Z .

+| —>©/
AN
=4

X

Su twong tac dong thoi gitra alkadiene v6i dienophile ¢ ca hai dau
tdc nhan dd pha v ba lién két m, hinh thanh hai lién két 6 va mot lién
két  théng qua su tao thanh trang thai chuyén tiép dang vong, phan tng
xay ra mot giai doan. Co ché phan tng Diels-Alder duoc tém tat:
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7 . Z Z
S (egile;
Khi Z trong dienophile 1a nhom hut dién t&¢ (-SOsH, -COOH,

-CHO, -CN....) thi phan tmg Diels-Alder xay ra nhanh hon. Nguoc lai,
Z 1a nhom day dién tir s€ lam gidm kha nang phan ung Diels-Alder.

Vi du: Phan ung gitra butadiene va ethylene chi xay ra ¢ nhiét do
cao (200°C) va 4p suat cao (300atm), trong khi d6 phan ung gitra
butadiene vé&i methyl vinyl ketone c6 thé xdy ra ¢ nhiét do khoang 30°C:

Z |‘ 200°C
+
300atm
COCH;4
( OOC @/

Diene c6 thé 1a hop chét hitu co mach hé hay mach vong va khi
trong phan tir diene ¢6 nhém thé day dién tir thi 1am tang kha ning phan
g Diels-Alder. Ngugc lai, cdc nhém thé hut dién tir trong phén tur
diene lam giam toc do phan ¢ tng Diels-Alder. Phan tir diene ton tai & hai
cAu dang 12 s-cis (hai lién két d6i C=C cting phia so véi lién két don
C»-C3) va s-trans (hai lién két d6i C=C khac phia so voi lién két don
C,-C3), dé tham gia phan ung Diels-Alder thi diene phai ton tai & cau
dang s-cis, con cau dang s-trans khong tham gia phan tng:

COOCH,;
OORNE

Ngoai ra, su 4n nglr khong gian trong phan tir diene s€ lam giam
toc do cua phan ng Diels-Alder.

COCH,

Vi du: Vi hop chat s-cis-1,4-diphenylbutadiene thi chi c6 dong
phan tran-trans c6 kha nang tham gia phan tng Diels-Alder voi maleic
anhydride, con cac dong phan cis-trans va cis-cis phan ung rat kém.
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C¢Hs

= 7 NCHs e,
X AN o _-CeHs

C6H5 C6H5
trans-trans cis-trans cis-cis
Phan ng cong dong vong Diels-Alder c6 tinh dic thii 1ap thé. Néu
phan trng hinh thanh sdn pham c6 mot hay hai nguyén tir carbon bat d6i

xurng thi sén‘phém s& ton tai 12 hSQ hop racemic ctia d6i dbi quang tuong
ung (50% dong phan R va 50% dong phan §).

Vi du: Sy hinh thanh bién thé racemic khi butadiene phan tng vai
acrylonitrile:

+ | H -+ CN
- §)

Phan tng cong dong vong Diels-Alder 1a phan tmg cong hop kiéu
syn, doi véi ca diene va dienophile.

Néu dienophile ¢& dang dong phan cis thi san phrf}m thu dugc ¢
dang dong phan cis. Ngugc lai, néu dienophile ¢ dang dong phan trans
thi san pham thu dugc s€ ¢ dang dong phan trans.

Vi du: Phan tng Diels-Alder cua butadiene v6i dong phan cis-2-
butenoic acid va frans-2-butenoic acid thu dugc san pham lan lugt 1a
hon hop cac dong phan cis va trans tuong tng:

= H COOH COOH WCOOH
D G S

H CH,
WCOOH

= H COOH COOH
L — (o (e
CHj

H
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San pham cua phan tng Diels-Alder giita alkyne c6 nhém thé hit
dién tir véi diene 12 hop chat vong c6 hai lién két déi C=C va néu san
pham c6 mot hay hai nguyén tir carbon bat dbi xtng thi san pham sé 1a
hdn hop racemic cua d6i ddi quang tuong tng (50% ddng phan R va
50% ddng phan S):

CH,4
CHO
Z SH
ol
N H
CHO
C,H;
T C H
CHO H LH3 CHip o
Z > N CHO S CHO
S — +
X C,H; oy CHO , CHO
CHO CHY "H H' TC,H;
H

MGt tinh chat 14p thé khéc ciia phan tng Diels-Alder 1a dienophile
c6 nhém thé khéng no thi phan tng wu tién tao thanh san pham endo
(san pham endo c6 nhém thé gan lién két d6i), con san pham exo (san
pham exo ¢6 nhém thé xa lién két d6i) thi khong uu tién hinh thanh:

COOCH, ?
@ ' |r A VA COOCH,

COOCH,
81% 19%

Khi diene va dienophile khong d6i xtng thi phan tng Diels-Alder
c6 theé xay ra theo hai hudng vdi su tao thanh hdn hop cic san pham
cong la dong phan, trong d6 c6 mdt san pham chinh:
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i+g~@“&z

Chinh

R R R Z
L — L -
-
Z Z
Chinh

Vi du: Su tao thanh hdn hop san pham ddng phan, trong d6 co
mot san pham chinh theo phan tmg Diels-Alder gitta 1-methylbuta-1,3-
diene, 2—rnethylbuta—1,3—diene v6i methyl acrylate khong do6i xung:

CH, CHj
COOCH,
L +

COOCH, COOCH;4
61% 3%
CH3 CH, COOCH;
f | .
COOCH; COOCH;
45% 8%

Phan tmg Diels-Alder duoc su dung pho bién trong tong hop hitu
co. Mot s0 irng dung cua phan tng Diels-Alder:

- Phan tng dau tién duoc nghién ciru nam 1928, 1a phan ung
dong vong gitra cyclopentadiene va benzoquinone:

benzen 20°C
H 100%

- Phan ung Diels-Alder gilra butadiene v6i maleic anhydride
hinh thanh tetrahydrophthalic anhydride:

0]
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(@)

(0]
= toluen, 15 0°C
i | O H=90% o
N =90%
O

- Furan thyc hién phan ting Diels-Alder v1 maleimide tao ra hop
chat di vong:

O
= ether 20°C
o + | NH
- “HE100%
(0]

- Céc dan xuat azo dong vai trd nhu mot dienophile khi phan Gmg
véi cyclopentadiene trong phan trng Diels-Alder:

D 40— Q0

- Phan ung gitta hexachlorocyclopentadiene v&i benzene,
cyclopentadiene tao thanh cac hop chat chira nhi€u chlorine
(hoéa chat bao vé thyc vat) tuong ng:

Cl Cl
Cl cl
Cl Cl  1000atm
+ + — » (I
Cl Cl
Cl cl
Cl Cl
Cl Cl cl
Cl cl Cl
Cl Cl,
+ —>900/ — Cl
H:
Cl cl e cl
Cl Cl Cl

Ngoai ra, trong linh vyc héa hoc cta hop chat terpenoid, phan (mg
Diels-Alder con dugc dung dé tong hop nhi¢u hop chat hitu co khac
nhau c6 gid tri voi bo khung co ban cua pinane, camphan.
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Pinane Camphan

4.1.2.2. Cong hop vong 1,3-lwong cuc

Cong hop vong 1,3-ludng cuc la qua trinh 4e; cua 1,3-ludng cuc
(4ex dugc phan bd trén ba nguyén tir) trong tac vai 2ex cua dienophile
hinh thanh hop chat vong. Céc 1,3-ludng cuc phd bién nhét 1a céc
diazoalkane va céc azide:

H H
H
CH; CHjin HOMH' CHyte N\
CH,N, + ’ - CHi» N//N CH3h i~/
H
CH; COOC,H; COOC,Hs COOC, H,
75%
CeHs N\ N\
\
_ T> - I
C6H5N3 + C6H5C=CH —_— N/ C H N/
| o
C6H5 C6H5
43% 52%

Phan Gmg cong hop vong 1,3-ludng cuc cling mang dac trung 1ap
thé ro rét va cau hinh cuia chat dau dugc bao toan trong san pham.
4.1.2.3. Cong hop ciia carbene, nitrene vao alkene va alkyne

Cong hop carbene (R2C:), nitrene (RN:) vao alkene hodc alkyne
s€ hinh thanh hgp chat vong ba canh:

:CR, TN :CR, N
‘ ~ CRa ‘ ‘ |/CR2
:NR /\ .
‘ - e NR ‘ ‘ CNR |\NR
~ L~
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Co ché cua sy cong hop phu thudc vao sy phan bd céc electron
khong lién két trong carbene hay nitrene. Néu hai electron nam trén
cting mdt orbital con orbital kia tu do thi sy cong hop dugc xem nhu
cong hop vong [2+2]. Néu ca hai electron duoc phin b trén cdc orbital
khéc nhau thi su cong hop xdy ra theo co ché gdc.

Vi du: Su tao ra cic hop chit vong twong tng khi cho carbene vio
isobutylene va nitrene vao cyclohexene:

CH,
CLCCOOC,H; M3 Cl N,COOC,Hs
(CH;3),C=CH; ————> _— NCOOC,H;
CH,ONa cl

4.1.2.4. Phdn ung epoxy hoa

Phan tng epoxy héa alkene bang tic nhan peracid (peroxy acid)
hinh thanh epoxide, mot ether vong ba canh.

Vi du: Phan ing epoxy héa styrene voi tdc nhan perbenzoic acid
tao thanh styrene oxide:

0
=
CcHsCOOOH
CHCl;, 0°C

Bai tap van dung 1
Xéc dinh céu tao dien va dienophile tao thanh cédc san phim a, b,

c, d:
(@) (0]

(@)
CN
N . @[
CN
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Huéng dan: Cau tao dien va dienophile hinh thanh cdc san phim
a,b,c, d:

Bai tap van dung 2

Xéc dinh cong thuc cAu tao thu gon cua cac hop chit A, B, C, D
trong cdc phan Ung:

/
a. @ + CH,~CHCOOCH; —» A c. Co + C,H;00CC=CCOOC,H; —» C
S

b. 2O (CNLC=C(CN), —> B ¢, /\l/ + CCL,CHO — D
OCH,4

Huwéng ddn: Cong thirc ciu tao thu gon cia céc hop chét hitu co
A, B, C, D duoc xac dinh:

COOCH
A: 3 B: gg
CN
CH;0 CN
_ COOC,H; D:
COOC,H; CCl; CCl4

Bai tap van dung 3

Xéc dinh cong thuc ciu tao thu gon cua hop chit A, B, C trong so
d6 chuyén hoéa:
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—— A—> B (C,H40) = C (C;oH 50, —> — CHO
CHO

7z
HN )
/< H,0" NalO, 0

Huwéng din: Cong thirc cAu tao thu gon cta cic hop chat A, B, C
duoc xac dinh:

Bai tap van dung 4

Tur hop chat hiru co co khong qua bdn nguyén tir carbon trong
phan tir va héa chat Vo co can thiét cung diéu kién phan tng day du,
xay dung quy trinh tdng hop hop chit:

HO COOH
HO
OH

. Huong ddn: Quy trinh tong hop hop chit duoc trinh bay trén so
d6 phan ung:
COOH

COOH COOH
[ii ﬂ| NBS
e —
~_

Br

COOH
C H;COOOH Low _ COOH
T O
2. HZO/H+
Br
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4.1.3. Phuwong phap vong hoa vong electron

Phan trng vong hoa vong electron (hay con goi la ddng phan hoa
lién két hoa tri) 13 qua trinh 6e, dugc phan b trong cung mot phan tir:

o

Phén tng vong héa vong electron dudi tdc dung ctia nhi¢t mang
dic tinh 1ap thé twong tu phan ung Diels-Alder hay phan tmg cong hop
vong 1,3-ludng cuc, ddng thoi cau hinh ciia chat ddu duoc bao toan
trong san pham:

—CH; 132°C
| s
_~—CHj pentane

l|||CH3
|II|(jI—I3

/CH3 cyclohexane mICH;,

X 178°C @-HIH
—_— =

Ngoai ra, phan tng vong héa vong electron co thé thyc hién bang
con duong quang hoa, tuy nhién 1dp thé cua san pham khac véi san
pham thu duogc khi thyc hién vong hoa electron dudi tac dung cua nhiét:

| \—CH, hv wnH
/ CH3 "”CH3

Cung v6i su chiéu sang, alkene s& xay ra su chuyén hoa twong hd
giita ddng phan Z va E nén diene hay triene ma cu hinh cua lién két
d6i khong ¢ dinh thi co thé ngoai sy vong hoa s& thuc hién su dong
phan hoéa:
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CH
H 3
«1ICH; hv = hv = CHj; CCH3
— — ‘_‘
-l CH, X N - _~CH3
H CH, CH,

Sy dong phan héa tir E thanh Z dugc tng dung trong qua trinh
quang vong héa céc diarylethene. Khi chiéu sang riéng biét bat ky dong
phan nao hodc hdn hop hai dong phan thi déu din tdi su tao thanh
dihydrophenanthrene, khi c6 mat khong khi thi xdy ra phan wng
dehydro héa tao thanh phenanthrene.

Vi du: Su dong phan hoa E-stilbene dudi tac dong cia dnh sing
duoc thé hién trén so do:

E-stilbene Z-stilbene Phenanthrene
4.1.4. Phuong phap tao vong thom
4.1.4.1. Benzene va déan xudt cia benzene
a) Benzene
Céc phan tng tong hop benzene duoc tém tat & so do:
CH;(CH,)4CH;

Cr2O3/A1203
450 - 550°C

[ C, 600°C Pd/Pt
0
lNI<CO>2[(C6H5)3P]2 300°C

NaOH t°
COONa
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b) Dan xuat cua benzene

Alkyl benzene va acyl benzene duwgc hinh thanh bing phan tng
alkyl héa va acyl hoa benzene theo Friedel-Crafts:

RX
R —
AlCl4
RCOX/(RCO),0
Lewis acid }

Phan {ing tao ra din xuat clia benzene tr hop chat aldehyde c6
nhom methylene linh dong:

R

COR

COOH

3 HOCCH,COOH ——
HOOC COOH

Pun né6ng RCOCH3 nhu CH3COCH3 hay CsHsCOCH;3 véi xic tac
sulfuric acid s& thu duoc dan xuat ciia benzene:

CH3 C6H5

H,S0, H,S0,
3 CHyCOCH; ——> 3 CgHsCOCH; ——»

0 0

Ngoai ra, dan xuit cta benzene nhu hexaphenylbenzene thu dugc
tor phan rng cua dan xuat acetylene nhu diphenylacetylene trong xtc
tac CrCls:

CeHs
crcl,  Colls CeHs
3C6H5CECC6H5 —>

CeHs CeHs
CeHs
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4.1.4.2. Hop chit da vong thom ngung tu

~ Hop chét da vong thom ngung tu thuong dugc téng hop tir dan
xuat cua benzene va naphthalene, dong thoi cling thuong st dung phan
ung Friedel-Crafts hay phan trng aryl hoa dé dong vong.

Vi du 1: So db téng hop pentacene tir benzene:

O o

s n cpeaciguIg
Soc co” HOOC COOH " H,50,
2 =~ Q 100°C

AlCl3 COOH

ooc p lHI

1.Cu
-
2. Chloramine

Vi du 2: Sy hinh thanh hgp chat da vong thom ngung tu khi sir dung
phan rng aryl héa ndi phén tir tir o-nitrobenzaldehyde:

COOH COOH

CHO — —
CGHSCHZCOOK FCSO4
-_—> —_—
(CH;CO),0 NH,/H,0
NO, NO, NH,

0-5°C lNaNoz/sto4
COOH COOH

99 Griae
-

100°C LS

N,HSO,

_ Tu naphthalene, succinic anhydride va hoa chét can thiét cing
diéu ki¢n phan trng day du, xay dung quy trinh tong hop phenanthrene.

Bai tap van dung 1

Huéng din: So d6 tong hop phenanthrene tir naphthalene, succinic
anhydride va héa chat can thiét cung di€u kién phan ing day du:
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COOH Zn(Hg) COOH H2SO4
A1C13 HCI

‘ Zn(Hg)

Bai tap van dung 2
Lap so d6 tong hop phenanthrene tir o-nitrobenzaldehyde,
phenylacetic acid va héa chit can thiét cing diéu kién phan tmg day du.

Hwéng dén: Quy trinh téng hop phenanthrene  tur
o-nitrobenzaldehyde, phenylacetic acid va hoa chét can thiét ciing diéu

kién phan tng day du:
COOH COOH

CHO
©[ C6H5CH2COOH Sw/HCI
NO,

0-5°C NaNOz/HCl

COOH
COOH

Bai tap van dung 3

Hinh thanh cac hydrocarbon thom ¢ dang céng thirc ciu tao thu
gon khi dehydro héa dong vong n-octane va 2,5-dimethylhexane.

Huwéng din: Sy tao ra cac hydrocarbon thom twong tng khi thuc
hién phan trng dehydro hda dong vong n-octane va 2,5-dimethylhexane:
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CH;
n-octane —m QC2H53 QCH
2,5-dimethylhexane — CH3‘©~CH3

4.1.5. Phuong phap tao di vong thom don gian
4.1.5.1. Hop chdt di vong thom nam canh mét dj to
a) Pyrrole va dan xudt

Pyrrole: Phan tng tong hop pyrrole tir furan; ammonium mucate:
H

N
NH; C;Hs(OH),

\ / A1_>o T \ / - H,NOOCCHOHCHOHCHOHCHOHCOONH,
2V3,

Dan xuat cua pyrrole

Phuwong phap Barton-Zard: Phan Gng gitta nitroalkene véi alkyl
a-isocyanoacetate trong xuc tac base va dung méi thuong st dung 1a
tetrahydrofuran (THF), cic alcohol mach ngan, hay hén hop cia hai
loai dung mdi nay ¢ nhiét d¢ thuong hodc nhiét do séi cua dung mdi
hinh thanh dan xuit cta pyrrole:

NO,

R} R, R, R,
- +
C=NCH,COOR; ————> U\
ase N~ COOR;
H

R; =H, alkyl, aryl

R, =H, alkyl

R; = CHj, CHs, (CH;)3C

Base = (CH;);COK, guanidine base

Phirong phdp Knorr va Paal-Knorr: Phuong phap tong quat dé
tong hop dan xuét ctia pyrrole, déu thuc hién phan ng ngung tu giita
nhém amine va carbonyl.
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Phwong phdp Knorr: Phan tng gitra hop chét a-amino ketone véi
hop chat ketone c6 nhém a-methylene linh dong:

Rl; < R, COR;

NH,
RCOCHCOR, - T\
R;-R4 = alkyl, acyl, aryl R i R,

N
H

Phirong phdp Paal-Knorr: Phan ing gitra hop chéat amine bac mot
hay ammonia vé1 hgp chat 1,4-diketone hay 1,4-dialdehyde:

R;NH, hay NH
R,COCH,CH,COR; L2 S ﬂ\
R;-R5 =H, alkyl, aryl R, N R,

|
R,

b) Furan va dan xudt
Furan: Phan tng tong hop furan tir furfural; butadiene da duoc
minh hoa trén so d6 phan rng:

o CHO

O
(Ni, 180°C ( 7 CuCl,/0,
@/ lCaO/NaOH,350°E \ / \\—//

Dan xuat caa furan

Phuong phap Feist-Benary: Phan ung gitta a-halocarbonyl véi
B-dicarbonyl trong xuc tic base hinh thanh dan xuat cua furan:

R O _ R4
R,COCHXR, 2
R,COCH,COR, — \ /
base
R} COR;
R;-R4 =H, alkyl, aryl
X =Cl, Br

_ Phuong phap Paal-Knorr: Phuong phap tong quat dé tong hop
dan xuat cua furan khi ti€n hanh phan tng cua 1,4-dicarbonyl trong xtc

tac acid:
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. L R
acid = H,S0Oy, HCI, P,Os, p-toluenesulfonic acid !
R;COCHR,CHR;COR, > \ /

R; va R4 =H, alkyl, aryl, trialkylsilyl, O-alkyl
R, va Ry =H, alkyl, aryl, carbonyl, nitrile, phosphate

¢) Thiophene va dan xudt
Thiophene: Phan tng tong hop thiophene tir butane hoic
butadiene; disodium succinate:

CHiCH,CHoCH; g S ps,
—= \ / <—5— NaOOCCH,CH,COONa
CH,=CH-CH=CH,

DAin xuit cia thiophene

Phirong phap Fiesselmann: Phan Ung ngung tu gitta o, p-
acetylenic ester voi thioglycolic acid hay din xuét cua acid nay nhu
methyl thioglycolate trong xic tic base hinh thanh dan xuat cia

thiophene:
ROOC S COOR

HSCH,COOR
ROOC=COOR > \ /
piperidine/RONa

R = alkyl OH

Phwong phap Gewald: Phan ing ngung tu gitra aldehyde, ketone
hay 1,3-dicarbonyl véi nitrile c6 nhém methylene hoat dong va sulfur
trong xuc tdc base tao ra san pham 2-aminothiophene tuong trng:

_ RZ\Q/NHz

R] X

XCH,CN/Sq

base = amine
R; va R, = H, alkyl, aryl, heteroacyl, COOR

X = CN, COOR, COC¢Hs, CONH,

Phuong phap Hinsberg: Phan ung ngung tu gitra a-diketone va
dialkyl thiodiglycolate trong xtc tdc base manh nhu C;HsONa/C,HsOH
hinh thanh dan xuét cua thiophene c6 hai nhém -COOH ¢ vi tri C(2) va
C(5) cung hai nhém thé tuong ung & vi tri C(3) va C(4):
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HOOC_ _S._ _COOH
1. C,H;00CCH,SCH,COOC,Hs/C,HsONa, C,H;OH \

2. H,0/H*

CeH; CeHs

Phuong phdap Paal: Phan Gng gitta nguyén tu sulfur, thuong &
dang phosphorus pentasulfide (P4S10) v6i 1,4-dicarbonyl, sau do tach
mot phan tir nude tao ra dan xudt thiophene c6 hai nhém thé & vi tri
C(2) va C(5):

S
P4SlO CH3 CH3

CH;COCH,CH,COCH; ——» \ /
toluene

4.1.5.2. Hop chdt di vong thom sdu canh mgt di to

a) Pyridine: Phan ung tong hop pyridine tir acetylene; prop-2-
enal; pent-2-enedial:

HCN Xy NH;
CH=CH — || | =5 HOCCH=CHCH,CHO

CH;CHO/NH;
400-450°C

CH,=CHCHO
b) Dén xudt cia pyridine
Tu phan &rng ngung tu

Phirong phép Hantzsch: Phan (g ngung tu giira ba thanh phan,
trong d6 bao gdm hai mol B-dicarbonyl, mét mol aldehyde va mot mol
ammonia sé hinh thanh san pham 1,4-dihydropyridine. Din xuét
pyridine c6 hai nhém ester ¢ vi tri C(3) va C(5) tao ra khi tién hanh oxi
héa 1,4-dihydropyridine. Thuy phan céc ester, tich loai -COOH béng
CaO & nhiét do cao thu dugc dan xuat pyridine c6 ba nhém thé twong
ung & cdc vi tri C(2), C(4) va C(6):
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R

C,H;00C COOC,Hs  fNo,
RCOCH,COOC,Hs + RCHO + NH; —» || —

RONTOR H,S0,
H
R’ R'
C,H;00C
25 ﬁCOOCZHS 1. KOH, C,HsOH | AN
R N/ R 2. CaO, t° R N/ R

Phuong phap Guareschi-Thorpe: Phan Gng ngung tu gitra
acetoacetic ester voi cyanoacetic ester trong ammonia tao thanh dan
xuat pyridine c¢6 hai nhém -OH & vi tri C(2) va C(6) cung véi nhém
-CN ¢ vi tri C(3):

CH,
NH, R A CN
ROOCCHRCOCH; + ROOCCH,CN  —» |
=
HO”™ "N~ "OH

Phwong phap Chichibabin: Phan ing dugc thuc hién ¢ pha hoi,
trong d6 hoi ctia aldehyde mach h¢ va ammonia duge dan qua xdc tdc
alumina & nhiét do trong khoang 300-400°C hinh thanh din xuét
pyridine c6 ba nhém thé tuong g & céc vi tri C(3), C(5) va C(6):

NH, R R

RCH,CHO  —» |
R =

T phan ng cong hgp dong vong
Phirong phap Boger: Phan ng cong hop kiéu hetero-Diels-Alder

gitra triazine voi alkene c6 nh6m thé dang enamine s& hinh thanh din
xudt pyridine c6 cdc nhém thé tuong tng:

7 Ni > t 7
(\IITI + \ij/ — |
N\/N
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Phuwong phdap Kondrat eva: Phan ng cong hop dong vong tuong
tu nhu phan tng Diels-Alder gitra céc dan xuét oxazole c6 nhém thé
v6i alkene hinh thanh din xuét pyridine c6 cdc nhém thé twong Gng:

R3
O R3/\ N Rl
O |
N N7 R,
R,

Tir phan ing chuyén vi

Phurong phdp Boekelheide: Phan (mg chuyén vi pyridine N-oxide
trong tac nhén acetyl hoa nhu acetic anhydride, sau d6 thuy phan tao
thanh dan xuat pyridine chtra nhém thé c6 nhém -OH tai vi tri C(2):

| N 1. (CH,CO),0 | AN

R on > R
+I|\I/ 2. H,0 N7
o OH

Phuwong phap Ciamician-Dennstedt: Phan tng gifta pyrrole va dan
xuat cta carbene (duoc tao ra tir hon hop base va chloroform) hinh
thanh dan xuat pyridine c6 nhém thé -Cl ¢ vi tri C(3):

= base A Cl
NH —— I
SN CHCl, N/

4.1.5.3. Hop chit di vong thom don gidin gén lién véi vong
benzene

a) Benzofuran va dan xuat

Benzofuran: Phan tng O-alkyl héa xay ra gitra salicylaldehyde va
chloroacetic acid hinh thanh ether, sau d6 ether phan ng v6i acetic
anhydride tao thanh benzofuran, dugc thé hi¢n ¢ so do:

0
OH | CICH,COOH/NaOH OCH,COOH (CH3C0),0
~0 2. H,0/H* _0 CH;COOH/CH;COONa J
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Dan xuat cua benzofuran: Cac phan ung tong hop dan xuat cua
benzofuran dugc minh hoa trén so do:

=\ CH,~CHCOOCH; /Oi’)
o > V4
~ 140°C CH,00C

CH=CHNO,

©( toluene/PtClz 0
R
T s0°C /

b) Indole va dan xudt

Indole: Phan trng gitra o-nitrotoluene voi N,N-dimethylformamide
dimethyl acetal va pyrrolidine hinh thanh enamine, sau 46 khtr enamine
bang Ni-Raney va hydrazine s€ thu dugc indole:

Y H
CH, Ni- Raney N
NHzNHz/Hzo /

NO, CNH

Dan xudt ciia indole: Cac phan tng tong hop dan xuét cua indole:

H,CO__OCH;

Rl
R, HOCHZCHZOH ©\ R CH,COR; &
R,
0 +
R; NH, 200-500°C NeNg, H20H N
R,
CH,N(CHy),
\ (CH;);NH/CH,0 (CH3),NCHO_
N “TCH0H POCL/CeHCH,
H
c) Quinoline va dan xudt

Quinoline: Pun noéng aniline v&i sulfuric acid, glycerol va tac
nhan oxi hdéa nhu nitrobenzene hinh thanh quinoline:
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[::1\ HOCH,CHOHCH,OH [::Ij“j
Dan xudt cia quinoline: Cdc phan tng tong hop dan xuit cia
quinoline tir aniline dugc tom tat ¢ so do:

OH
AN
»
N
o O
OH 0N
R
X2 R,COCHR,COOR; [::l\ RCOCH,COR | N
‘ _ o =
N~ "R, NH, N” "R

RCHZCH?E?/// \\\ESHOK}gCOCOOH
COOH
0,
N>R N” R

Bai tap van dung 1

Téng hop 2,5-dimethylfuran; 2,5- -dimethylthiophene cung 2,5-
dimethylpyrrole tir hexane-2,5-dione va hoa chét vo co can thiét cling
diéu kién phan tmg day du.

Huwéng dédn: Cic phan ung téng hop 2,5-dimethylfuran; 2,5-
dimethylthiophene va 2,5-dimethylpyrrole tir hexane-2,5-dione, hoa
chat vo co can thiét cung dieu kién phan ung day du:

0)

CHy N\ CHj NH; p,0, M CHs
\X;Jf/ <— CH,COCH,CH,COCH; —= \ /

lP4510
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Bai tap van dung 2

Dé xuit quy trinh tong hop pyridine tir formaldehyde, acetaldehyde
va héa chét v co can thiét cing diéu kién phan ing day du.

Huwong din: So do6 géng hop pyridine tu formaldehyde,
acetaldehyde, hda chat v6 co can thiét cung di€u kién phan img day du:

HCHO CH#HHNNH3| X
—_— = —_—
CH3;CHO —os CH,=CHCHO — = -
Bai tap van dung 3

Xéc dinh cong thuc cAu tao thu gon cua cac hop chit A, B, C, D
trong so d6 chuyén hda:

COOH
NH, CICH,COOH t© t°
—— > A—> B——> C —>D (CgH,0N)
-CO,

Huéng déin: Cong thic cau tao thu gon ctia cac hop chat hiru co
A, B, C, D duogc xac dinh:

COOH o)

NHCH,COOH
A: B: COOH
N

0]
N
H

4.2. Phuwong phap mé vong

O
mziom
=

4.2.1. Bing phan tng khir héa

Mot s6 phan tng khtr héa mo vong cycloalkane khi st dung tac
nhan khtr H> v6i xuc tac Ni, dun néng:
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H
> — » CH;CH,CHj
Ni, 80°C

H
—— » CH;CH,CH,CH,
Ni, 120°C
H, (CH;3),CHCH(CHj;),
CH(CH —>
‘>— (CH3), NL© {

CH;CH,CH,CH(CHj3),
4.2.2. Bang phan rng cong hop
4.2.2.1. Theo co ché electrophile

Phan t'ng m¢ vong cua cyclopropane véi céc tac nhan electrophile
xdy ra theo quy tac cong Markonikov:

HBr Br,/CCl,
CH;CH,CH,Br -— —— » BrCH,CH,CH,Br

Sy ton tai ctia cdc nhém thé &i dién tor nhu -COOH, -CHO,
-CO-,... lién két véi vong s€ thuc hién mé vong theo quy tac trdi voi
Markonikov va da dugc minh hoa trén so do:

HBr
>C0C6H5 —»  BrCH,CH,CH,COCHs;

4.2.2.2. Theo co ché nucleophile

Sy mé vong theo co ché nucleophile xay ra chii yéu doi véi cdc
hop chat vong lactone, lactame:

0]
KCN

0)

NH,OH ROH
HONHOCCH,CH,CH,NH, --—— NH —» ROOCCH,CH,CH,NH,
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4.2.3. Biang mét sb tac nhan khac

_ Phan ung mo vong bang tdc nhan oxi héa: Oxi hda cyclohexene
bang tdc nhan O3/Zn, CH3COOH va KMnOs, H,O/H", t° s€ hinh thanh
céc san pham tuong trng:

KMnO,, H,0/H" 1.0,
HOOC(CH,),COOH =-—m" 2 » HOC(CH,),CHO
t© 2. Zn, CH;COOH

Phan g thiiy phan: Mot s6 hop chat vong tham gia phan tng
thiy phéan trong moi truong acid hodc mdi trudng base s€ mé vong tao
thanh cdc san pham tuong ing:

O

OH
O —> HOCH2CH2CH2COO-

H,0/H" +
NH — HOOCCH,CH,CH,NH;

NOI DUNG ON TAP
4.1. Trinh bay cac phuong phap déng vong trong tong hop hitu co.

4.2. Trinh bay cac phuong phap mé vong trong tong hop hitu co.

4.3. Xac dinh cong thurc ciu tao thu gon cua céc hop chét tir A dén N
trong so do chuyén héa (m-CPBA: meta-chloroperoxybenzoic

acid).
Mg/ether DO PBr; NaCN H,0/H" _ SOCl,  AICl;  Hy/Ni
A — B —>+ C—>» D —» E —» F —>» G 7» 7»1
H,O0/H
NHCOCH; H,S0,, tol
1. NaOH (1 mol) (CH5C0),0 2mol) H,0/H" CH;CN  m-CPBA
H; = N = M<-<——[_L<—K=-——]
2. (CH;),SO,/NaOH H,O/H*

4.4. Tir AlLLCs va héa chat vo co can thiét cing diéu kién phan timg day
du, xay dung quy trinh tong hop cédc hop chat.
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O OCZHS
C

4.5. Hoan thanh so dd chuyén héa o-xylene véi cdc hop chit Aj, Ao,
A3 duoc bi€u dién dudi dang cong thirc cau tao thu gon.

Br, Nal Mg
O-Xylene —to> Al (C8H6Br4) — A2 (C8H6Br2) —> A3 (C8H6)

4.6. Tir benzene va héa chét vo co can thiét cung diéu kién phan tng
day du, dé xuat quy trinh tong hop cic hop chat.

o 3R

CH; CHj

4.7. Xac dinh cong thic ciu tao san pham X, Y tao thanh tir cic phan

O O
7z =
( + E/éo — X b. QO + Q@
x S

0

4.8. Xay dung quy trinh tong hop menthol thanh phan chinh cua tinh
dau bac ha tir hop chét hiru co co sO nguyén tir carbon khong qua
nam va héa chit vo co can thiét cung diéu kién phan Gmg day dui.

4.9. Xac dinh cong thiuc cAu tao thu gon cua cic hop chit X, Y va Z
trong so d6 chuyén hda.

CH,=CH(CH;)CH= CH2 CO;H H,O/H"
CH,=CH(CH;)CH=CH, (CIOHIG)—>Y (CoH60) ——3= Z (C}gH 50,)
HN )
NalOy (6}
CHO
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4.10.

4.11.

4.12.

Tir hop chét hitu co c¢6 s6 nguyén tir carbon khong qud bon cling
hoa chat vo co can thi€t va di€u kién phan ing day du, dé nghi
quy trinh tong hop hop chat.

HO COOH

HO
OH

Dé xuét so dd téng hop chlorthalidone, mdt loai thudce 1oi tiéu tir
hop chat v6 co can thiét, diéu kién phan tng day du cung hop

chét hitu co.
CIOZSD\
Cl C ;

S coon

Ttr acetylene, hoa chét vo co can thiét va diéu kién phan tng day

du, 1ap so do tong hgp 2-butylpyridine.

Huwéng dén:

- Su dung phﬁn mém ISIS Draw hodc ChemDraw dé v& cong
thirc cau tao hop chﬁg héa hoc va st dung trang web
https://www.nist.gov/ dé tra ctru thuat ngtr, danh phdp, tim
hiéu tinh chat ciia hop chat hitu co ¢ ndi dung 6n tap 4.6, 4.8,
4.10 dén 4.12.

- Tham khéo tai liéu 12 dé thuc hién n6i dung 6n tap 4.11 va tai
li¢u 5 d€ hoan thanh ndi dung 6n tap 4.12.

- Goi y: Cong thirc ciu tao thu gon ctia H (4.3), A3 (4.5) va Y
(4.9).

4.3

4.5 4.9

H Aj Y

X CH; 0]
oL | Co

CHy” SCH,
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Chuong 5
PHUONG PHAP BAO VE NHOM CHUC

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc thuc hién duoc:
1. Sw bao yé cdc lién ké:t C-H cua hop chd’tr thom, alk-1-yne va
hop chat béo trong tong hop cdc hop chdt hiru co.

2. S bao vé nhom churc alcohol trong téng hop cac hop chat
hitu co.

3. Su bdo vé nhém chire carbonyl trong tong hop cdc hop chat
hitu co.

4. S bdo vé nhém chire carboxyl trong tong hop cdc hop chat
hitu co.

5. Su bao vé nhom churc amine trong téng hop cac hop chat
hitu co.

5.1. Gi6i thiéu

Bao v¢ nhom chure trong tong hop hiru co dugc thyc hién voi muc
dich loai bo nhirng chuyen hoa khong can thiét trong qua trinh tong hop,
nham tao ra cdc san pham theo yéu cau v6i chat luong tot, bang cach
chuyén héa tam thoi cic nhém chirc can bao vé thanh cac nhom chire
khdc ma nhom chirc tao thanh nay khong bi bién dbi trong sudt qua trinh
chuyén hoéa nhom chirc can thiét.

Peptide, carbohydrate va polyketide 1a mot trong nhitng nhém hop
chat hiru co pho bién khi téng hop can st dung phuong phap bao vé
nhém chire nham dat duoc myc dich ciia qua trinh tong hop.

Mbt s6 yéu cau co ban khi thuc hién sy bao vé nhom chire trong

téng hop cac hop chit hiru co:

- Nhom chitc duge bao vé dé dang chuyén hoa thanh nhom chirc
khac bﬁng nhém bao v¢ chon loc, thich hop trong diéu kién nhe
nhang. Nhém chitrc méi hinh thanh phai 6n dinh va khong tham
gia vao qua trinh chuyén héa ciia nhém chirc can chuyén hoa.
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- Sau qua trinh chuyén héa nhém chirc can thiét, nhém bao vé
dugc loai bdé dé dang va chuyén hoa lai thanh nhém chirc dugc
bado v¢ ban dau ¢ di€u kién nhe nhang.

Chuong nay trinh bay phuong phap bao vé nhom chuc tap trung
& lién két C-H ctia hop chit thom, alk-1-yne va hop chét béo; nhém
chuc alcohol, nhom chirc carbonyl, nhom chitc carboxyl va nhom
chtrc amine.

5.2. Bio vé cac lién két C-H

5.2.1. Bio vé lién két C-H ciia hop chit thom

Bao vé lién két C-H & vi tri para- va dinh huong thé vao vi tri
ortho- d61 vé1 hop chat thom thuong st dung cac nhom bao vé -NOo,
-COOH, -SOsH.

Vi du: Quy trinh tong hop 2-bromo-1-tert-butylbenzene tir rert-
butylbenzene dugc thé hi¢n trén so do phan tng:

C(CH,), C(CHy); C(CHz); C(CHy);
B
HNO;, Br,/Fe ' Fe/HCI Br
R — —
H,S0,
NO, NO, NH,
NaNO,/HCI
0-5°C
C(CH,); C(CH3);
B
Br y.,po, '
-
N, Cr

Bao vé lién két C-H & vi tri para- va dinh huong thé vao vj tri
meta- d61 voi hgp chat thom thuong dung cdc nhom bao vé -NOo,
-halogen, -SH.
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Vi du: So d6 phan ung minh hoa quy trinh tong hop
m-bromotoluene tir toluene:

CH,4 CH;
HNO3 Fe/HCl (CH3C0)2 Bry/Fe
—
HzSO4 Br
NHCOCH, NHCOCH,
l H,O/H"
CH, CH, CH,
©\ H3PO, NaNO,/HCl
- <—°C
Br Br 0-5 Br
N, CrI NH,

5.2.2. Bio vé lién két C-H ciia alk-1-yne

Béo vé lién két C-H cua hop chat alk-1-yne thudng dung nhém
bao v¢ trialkylsilyl nhu trimethylchlorosilane va m¢ khoa nhdm bao vé
nay trong moi truong base:

1. R'MgX ase

RC=CH ———2% = RC=CSi(CHy); ¢ RC=CH

Vi du: So d6 minh hoa qui trinh chuyén héa 1-bromo-4-
ethynylbenzene thanh 4-ethynylbenzoic acid:

Br Br Br
CH;MgBr (CH3);8SiCl Mg
—_— _— —_—
THF THF
C=CH C=CMgBr C=CSi(CH;),
MgBr COOH COOH
Co, 1. OH"
2 Lo
H,O/H" 2. H,O/H*
C=CSi(CH3); C=CSi(CH;); C=CH
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Bén canh d6, dé bao vé lién két C-H cua hop chét alk-1-yne con
st dung cac nhom bao v¢ -COOH, -OH va m¢ khoa lan luot dudi tac
dung cua nhiét d§, NiO> tuong Ung.

5.2.3. Bdo vé lién két C-H ciia hop chit béo

Bao v¢ lién két C-H cuia hop chét béo khi nguyén tir hydrogen &
vi tri Ca doi voi nhom chire carbonyl (nhom methylene hoat dong) thi
thuc hién chuyén héa -CHbz- thanh -C(=CHCsHs)- hoac -CH(CHO)-:

o)
CHCH, - X2 i
CgHsCHO 52 RONa_ COCeHSs e
—_—
base, t° 3. HZO/H+

5.3. Bao vé nhom chirc alcohol
5.3.1. Alcohol don chire
5.3.1.1. Phuwong phap ether hoa

Bao vé nhém chirc alcohol ¢ hop chit alcohol don chirc bang céc
nhom bao v¢ theo phuong phép ether hoa va mé khéa cdc nhom bao vé
twong ung dugc tém tat trén so do:

(CH;),C=CH, F;CCOOH
O » ROC(CH,); 3
2

CHSOCHzcl (CH3)2BBT
» ROCH,OCH;
NaH, THF
CH3OCH2CH20CH2C1 ZnBr2
» ROCH,0CH,CH,0CH;
NaH, THF
CsH5CH,0CH,CI Na/NH,

ROCHZOCH2C6H5
CH,Cly, [(CH3),CH],NC,H; C,H;OH
ROH —— O
L CH;COOH

ROH

» RO (6]

H,O/H", C¢H, THEF, H,0
C¢HsCH,Cl H,/PtO
S » ROCH,C¢H; 22
KH, THF

CgHs);CCl

(,6. s » ROC(C¢Hs),

Pyridine, DMAP

(CH;);SiCl

CH,Cl,, imidazole, DMAP H,0/H"

DMAP: 4-dimethylaminopyridine TBAF: Tetra-n-butylammonium fluoride
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Vi du 1: Bao vé nhém chtic alcohol khi tong hop 4-hydroxybut-2-ynoic
acid tu prop-2-yn-1-ol:

() e
CH=CCH,0H —2» CH=CCH,0

(0]
H,O/H*
C2H5MgBr /O 1. C02
o= BiMgC=CCH,0™ N0~ 5= HOCH,C=CCOOH

2. H,O/H"

Vi du 2: Sy tér}g hop pentane-1,4-diol tir 3-bromopropan-1-ol dugc
minh hoa & so d6 phan ung:

(CH,);SiCl

Mg
HOCH,CH,CH,Br ——— (CH,);SiOCH,CH,CH,Br — (CH;);SiOCH,CH,CH,MgBr
,CH,CH, (CoHo N (CH3)3 2CHCHyBr — > (CH3); »CH,CH,Mg

1. CH;CHO . TBAF
S O (CH3)38i0CH,CH,CH,CH(OH)CH; — HOCH,CH,CH,CH(OH)CH,
-2

5.3.1.2. Phuong phap ester hoa

Bao vé nhém chirc alcohol ¢ hop chit alcohol don chirc bang céc
nhém bao v¢ theo phuong phap ester hdéa va mo khda cac nhém bao vé
twong ung dugc tém tat trén so do:

CH,CO0),0/CH;COCI
(CH, )2‘ — 3 » ROOCCH; KoCOs
pyridine CH;0H
CgH5COCI/(C¢H5CO),0/CgHsCOCN KCN
6115 6 5. .2 6115 - ROOCC(,HS
pyridine Ton T
ROH HCOOH K,CO4
» ROOCH
CF;C0),0/CF;COCl
(CF,CO), 3 » ROOCCF;
pyridine

K,CO;/CH;0H

Vi du: Bao vé nhom qhﬁc a!cohol st dung nhém bao vé
(CF3CO)20/pyridine trong so do chuyén hoa:
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(OOH COOH COCHN,

(CF,C0),0 1. SOCl,
—_— —
pyridine 2. CH,N,
HO CF;C0O0 CF;C00
COCHN, COCH,0COCH;
KHCO, CH,;COOH
— —
H2O to
HO HO

5.3.2. 1,2-diol va 1,3-diol
5.3.2.1. Phuwong phadp acetal va ketal hoa

Phuong phap acetal va ketal hoa thuong su dung acetone hay
benzaldehyde dé bao vé 1,2-diol va 1,3-diol. Acetone phan tmg véi 1,2-
diol trong mo1i truong acid con benzaldehyde phan ing véi 1,3-diol khi
¢ sy ton tai cua zinc chloride. Cac diol duoc tdi tao lai khi dung acid
loang phan huy cac acetal va ketal hoac st dung phan trng hydro phan.
Cic acetal va ketal thuong bén trong méi trudng trung tinh va base nén
dugc dung dé bao vé cac diol trong qué trinh alkyl héa, acyl héa, oxi
héa va khtr héa khi cic phan tng nay thuc hién trong mdi trudng base.

Vi du: Qud trinh chuyén héa glycerol stt dung nhém bao vé
benzaldehyde va acetone trong moi truong chlorhydric acid:

ceHscHo 6 1y 1 CH3(CHy) ,COClpiridi (Lot
iri me
— X SRl = CHOCO(CH,),,CH,
M rd
CH,OH
C3H5(OH)3 CH,OH
cmcocn3 ><CH3 1. CHy(CHy) COOH/MCI | Hi) |
CH3 2. Hzo |
HOCH CH,OCO(CH,),,CHs,

5.3.2.2. Phuwong phdp carbonate hoa

Phuong phap carbonate hoa dung phosgene trong pyridine dé bao
vé 1,2-diol, hinh thanh dan Xuat carbonate vong on dinh trong moi
truong trung tinh hay acid yéu. Dudi tic dung cua base, din xuét
carbonate vong phan huy va tai tao lai 1,2-diol:
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| | COCl, | | base | |

—(C—C— — —C—C— —» —C—C—
| pyridine | [
OH OH O O OH OH

\ /
C
Il
0)

Vi du: Phan rng carbonate héa bao vé 1,2-diol ctia dan xuat phan
tor duong:
CgHsCH,OCH,
CeHsCH,OCH,

cocl, 1. HBr
—3 OCH,4 ——
och, Pyridine o_ 0 2. (CgHsCH,0),PO,N(C,Hs)y
OH OH ﬁ
(6]
C¢HsCH,OCH o oo
6HsCH0CH, o H,/Pd LiOH
—> OP(O)(OH), n O. OP(O)(OH),
OP(O)OCHCeHs), ¢ o 2 OH OH
o_ P N
C Il
Il O
O

5.4. Bao vé nhém chirc carbonyl

Nhom chite carbonyl dugce bao vé tt nhat bang cch tao thanh
acetal va ketal on dinh trong moi truong trung tinh hodc base, véi cac
nhom bao v€ va mé khoa cac nhom bao vé trong tng dugce tom tat trén
so do:

CH;0H R
H,O/H" T R DocH,
CHOW, - R, O acid
p-CH3C6H4SO3H, C6H6 /
l C¢HsSO5H, C¢Hy RCOR'

CH,(CH,0H), RUA > acid
lp-CH3C6H4SO3H, C6H6 '/ (0)
C6HSSO3H, C6H6

HSCH,CH,0H o R\ /Oj Ni-Raney
ZnCl, CH;COCH;

RCOR' ——




st dung nhom bao vé ethylene glycol:
O0—CH
/ ? CyHy(OH),
(CH3),CCICH >
O—CH, KF

Vi du 1: Su chuyén héa 2-chloro-2-methylpropanal thanh methacrolein

CH OH),

(CH5),CCICHO
p-CH3C6H4SO3H, C6H6

(COOH),
CH,=C(CH;)CHO

CH;COCH;/H,0

—CH
O—CH,

CH,=C(CH;)CH
O_C 2
Vi du 2: So d6 chuyén hoa st dung nhom bao vé 2-mercaptoethanol

o]

v6i xuce tac ZnCly:
COCH;
0
0
HSCH,CH,OH LiAlH,
—
| ZnCl, THF
CH,C00 B :
5| CH;CO0 E
5|
]
HO S COCH;
HO
Ni-Raney
| CH;COCH,
HO = 2
H HO z
H

5.5. Bao vé nhém chirc carboxyl
Nhom chuc carboxyl dugc bao vé bang cach chuyén héa thanh
ester voi cac nhdm bao v¢ va mo khda cac nhém bao v¢ trong ung duoc

tom tat trén so do:
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(CH53);COH/CH,=C(CH,),
> RCOOC(CH;);

H,O/H*
CgHsCH,OH
» RCOOCH,CHj

C¢Hs),CHOH
(CeHls) » RCOOCH(CgHs),

RCOOH —
Cl,CCH,0H
MgBr,

(CH5);SiCH,CH,0CH,0H .
» RCOOCH,0CH,CH,Si(CHy),

)
owe

OOCR

Ngoai ra, nhom chure carboxyl con dugc bao vé khi st dung nhém
bdo vé trimethylsilyl chloride va mé& khéa nhom bao vé trong moi

truong acid hoac TBAF.
Vi du: Quy trinh ban tong hop amoxicillin str dung trimethylsilyl
chloride dé bao vé nhom chuc carboxyl ciia 6-aminopenicillanic acid

(6-APA), duoc thé hién trén so dd phan ung:
HO

o COOH COOSi(CH;)3 i
tN/S<CH3 (CH;);SiCl OWCH3 NH,
o g’ CH,4 & CH N,N-dimethylaniline
H,N H,N S 3
6-APA
COOH
COOSIi(CHj); 1O 1) -
HO o OENL/S<CH3 H,O/H" 0 N/g< 3
@\/ : N S CH3 C\HN\\\\O § CH3
! C\HN\ H
: NH,
NH,
Amoxicillin

5.6. Bao vé nhém chirc amine

5.6.1. Phwong phap carbamate héa
Nhom chitc amine duoc bao vé b'flng cac nhom bao vé theo

phuong phédp carbamate hoa va mo khoda cdc nhom bao v¢ tuong tng

duoc tom tat & so do:
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S8e
0COCl O'O piperidine

-

NaHCO3;, dioxane OCONHR
C1;CCH,0COC1 Zn
— » Cl;CCH,0OCONHR
pyridine
tert—C4H90COCOOC4H9—tert HCI1
» RNH Hog-
COOC4 9 tert CF3COOH RNH2
RNH, —
2 CH,=CHCH,0COOCOOCH,CH=CH, RNHCOOCH.CHct P4
o 272 HCOOH
C¢H5CH,0COCl > RNHCOOCH,CHs Na/NH;
) H,/Pd
(CH3)3SiCH,CH,0CO0 —N>©
fluoride i
0 > (CHs);SiCH,CH,OCONHR Luoride ion

Vi du: Bdo vé nhom chirc amine cua glycine dugc minh hoa trén
so do tong hop dipetide:

CHsCH,0COCI
H,NCH,COOH —>2>—2"""5 (CH;CH,0CONHCH,COOH
CH;CH,CH(NH,)COOC(CH3),

C.H:CH,OCONHCH,CONHCH(CH,C:H:)COOC(CH
[(CH:0)P(O)],0 ¢HsCH; 2 (CH,CgHs) (CH3);

H,/Pd HCl
——~ H,NCH,CONHCH(CH,C4H5)COOC(CHs); o1 H2NCH,CONHCH(CH,C¢H3)COOH
6tt6

5.6.2. Phwong phap amide héa

Phuong phép amide hoa dugce stir dung dé bao vé nhom chirc amine
v6i1 cdc nhom bao vé va mo khoa nhom bao vé tuong ing dugc tom tat
trén so do:

HCOOC,H; acid
» RNHCHO
CH;CO0),0 acid
RNH, (CHCOR0 RNHCOCH; ————% RNH,
(CF4C0),0 K,CO;

> RNHCOCF; ————
3

Vi du: Quy trinh tong hop p-nitroaniline véi sy bao vé nhdém chure
amine tur aniline:
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NHCOCH, NHCOCH,; NH,

(CH;C0),0 HNO; H,O/H*
H,S0,

NO, NO,

5.6.3. Phuwong phap sulfonamide hoa

Béao vé nhém chirc amine bang phuong phap sulfonamide hoa voi
cac nhom bao v¢é va mo khoéa nhoém bao vé€ tuong iing duoc tom tat &
so do:

C10,8—_)—CH; N/H
> RNHOzs-@CH £

pyridine 3 Na,HPO, \
RNH, — ; RNH,

(CH3)3S1CH2CH2802C1
(CH3)3SICH2CH2802NHR
(C,Hs);N CH,Cl,

NOI DUNG ON TAP

5.1. Trinh bay phuong phap bao vé cdc lién két C-H cta hop chat
thom, alk-1-yne va hgp chat béo trong tong hop hitu co.

5.2. Trinh bay phuong phap bao v¢ cdc nhém chirc alcohol, nhém chiic
carbonyl, nhodm chirc carboxyl va nhém chirc amine trong tong
hop hitu co.

5.3. Xac dinh cong thic cau tao thu gon clia céc hop chat tir X dén T
trong so d6 chuyén hda.
C¢HsCHO ~ CH3COCI  H,O/H' _ C¢HsCOCI

C;Hs(OH)
S g oW’

5.4. Lap quy trinh tong hop glyceraldehyde tir glycerol va hoa chét vo
co can thiét cung diéu kién phan Gng day du.

5.5. Hoan thanh so d6 chuyén héa véi cdc hop chit tir A d&én E duogc
biéu dién ¢ dang cong thirc cau tao thu gon.
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CH,OH

38 ﬁ NaBH, [O] ,CH;COCH;  KMnO,/OH"  H,O/H"
— » A—»B="B ——»(C ——3»D—»FE
H OH enzyme
HO—H
CHO

5.6. Tong hop CH3;COCHCH.CH20H tir CH;COCH2CH2CO0C2Hs,
hoa chat vo co can thi€t cung di€u kién phéan trng day du.

5.7. Xéc dinh cong thic cAu tao thu gon cua cac hop chat tir A; dén A4
trong so do6 chuyén héa.

HCI KOH H,0, H,0/H*
2 50H C2H50H KMnO4

5.8. Tong hop dipetide Gly-Ala tir cic o-amino acid tuong Ung cung
héa chit vo co can thiét va diéu kién phan tmg day du.

5.9. Hoan thanh so d6 chuyén héa véi cac hop chat tir M dén O dugc
biéu dién ¢ dang cong thirc cau tao thu gon.

CHO
HOCHzCHZSH 1 C,HsMgBr Ni-Raney

—> N ——>» 0

5.10. Téng hop tripetide Gly-Ala-Val tir cdc a-amino acid twong tng,
héa chét vo co can thiét ciing diéu kién phan tng day du.

5.11. T CH;COCHs3, héa chat v6 co can thiét va diéu kién phan (g
day du, dé nghi quy trinh tong hgp CH;COCH>CH(CH3)..

5.12. Tong hop BrCH,CH>C(CH;3);OH tir CH;=CHC(CH;).OH cuing
héa chét vo co can thiét va diéu kién phan Gng day di.

5.13. Xay dung quy trinh tong hgp CH=C(CH3)CHO tr
(CH3)2CBrCHO va hoa chét v6 co can thiét cung diéu kién phan
g day di.
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5.14.

Tong hop ester ethyl cua dipeptide Ala-Gly tir cac a-amino acid
tuong rng cuing hda chat vo co can thiét va di€u kién phan trng

day du.

5.15. Tu benzene, hoa chét vo co can thiét ciing diéu kién phan tng
day du, dé xuat quy trinh tong hop p-nitroaniline.

Huwoéng dén:

- Su dung phan mém ISIS Draw hogc ChemDraw dé vé& cong
thirc cau tao cac hgp chat héa hoc & ndi dung 6n tap 5.3, 5.5,
5.7vas.o.

- Su dung trang web https://www.nist.gov/ dé tra ctru thuét ng,
danh phdp va tim hiéu tinh chét ctia hop chat hitu co & noi
dung 6n tap 5.4, 5.6, 5.8, 5.10 dén 5.15.

- Tham khéo tai ligu 9 d¢ thyc hi¢n ndi dung on tap 5.4, 5.6,
5.8,5.10 dén 5.15; tai liéu 5 dé thyuc hién ndi dung 6n tap 5.5,
5.6,5.7va5.0.

- Goi y: Cong thuc cAu tao thu goncuaT (5.3),B (5.5), A4 (5.7)
va 0 (5.9).

53 5.5
T B
CH,—OOCC4H; CH,OH
=0
CH—OOCCH; HO——H
| H——OH
CH,—OOCC4H; HO—H
CH,OH
5.7 5.9
Aq O
CH>OHCH(OH)CHO p-CH3CH2COC¢H4CHO
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Chuong 6
PHAN UNG OXI HOA VA KHU HOA
TRONG TONG HQP HU'U CO

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc ung dung duoc:

1. Cdc phan iing oxi hoa hydrocarbon va dan xudt hydrocarbon
de tong hop cdc hop chdt hiru co.

2. Cdc phan tmg khiv héa hydrocarbon va dan xudt
hydrocarbon dé tong hop cdc hop chat hitu co.

6.1. Phan @ng oxi héa trong tong hop hitu co
6.1.1. Oxi hoa hydrocarbon

6.1.1.1. Oxi hoa hydrocarbon no

a) Oxi hoa alkane

O nhiét do6 thuong, alkane tro vdi cac tdc nhan oxi hdéa nhu
KMnOyj4, KoCr207,... Phan trng oxi héa alkane & nhiét d0 cao khi c6 céc
tac nhan oxi héa cling véi xic téc thich hop s& hinh thanh cic san pham
hiru co chira oxygen. Su oxi héa xay ra c6 thé kem theo sy cat mach
carbon.

Phan tmg oxi hoa alkane thuong khong c6 gid tri trong phong thi
nghiém bdi vi tinh chon loc thap. Trong cong nghiép, phan ing oxi hoa
alkane c6 thé duoc sir dung nhu phan g oxi héa n-butane dé san xuat
acetic acid khi duing xic tdc Mn(CH3COO); & nhiét d6 180°C va dp suét
S0atm:

Oy, Mn(CH3CO0),

CH;CH,CH,CH; 180°C, 50atm

CH,COOH
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Qua trinh oxi héa cac alkane cé mdt carbon dén bbn carbon trong
phan tir thuong thu dugc cic hgp chat hiru co nhu formaldehyde,
acetaldehyde, acetic acid,...:

O, khong khi

CH, ————» HCHO
NO, 600°C

Phan mg oxi héa hoan toan alkane 13 phan tng oxi héa c6 tim
quan trong rét 16n trong cong nghiép va trong doi song hang ngay nho
lugng nhiét téa ra tir su débt chdy alkane nhu methane, butane, octane,...
trong diéu kién nhiét do cao va lugng oxygen dﬁy du, s€ dugc su dung
lam nhién li¢u cho c4c dong co:

tO
CH4 + 202 — COz + 2H20 + 885 k_]

b) Oxi hoa cycloalkane

Oxi hoéa cycloalkane dugc thuc hién trong cac diéu kién tuong tu
nhu oxi hda alkane va hinh thanh cdc san pham hiru co nhu phenol,
cyclohexanol, cyclohexanone, dicarboxylic acid béo.

Vi du 1: So d6 tong hop cyclohexanol va cyclohexanone tir qué trinh
oxl1 hoa cyclohexane véi tdc nhan oxi hda la oxygen khf)ng khi:

O, khong khi Fe Zn
125-165°C; 1,5- 2MPa 430- 450°C

Vi du 2: Adipic acid thu dugc tir sy oxi héa cyclohexane qua hai giai
doan véi cdc tdc nhan oxi héa lan lugt 1a oxygen khong khi va nitric
acid:

0O, khong khi Fe Zn HNO;,
- ——————— = HOOC(CH,),COOH
125-165°C; 1,5-2MPa 430- 450°C 55-80°C; 0,2-1MPa

c) Oxi hoa nhom allyl

Sy oxi héa nhoém allyl véi tdc nhan oxi hda thich hop s€ hinh thanh
alcohol hay carbonyl khong no.
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~ Téc nhén oxi h6a nhom allyl thanh alcohol trong diéu kién bao vé
noi doi thuong st dung 1a SeO», Pb(CH3COO)4 hay ester cuia peroxy

acid:
OOCCH;
Pb(CH,CO0),
— >
(CH,C0),0
OH
CH,4

CHy
COZ
> O
C,H,0H

CH;COOOC(CHj3); {CHs(CH2)4CH(OOCCH3)CHCHz
Cu,Cl,, 70°C

CH,

CH3(CH2)5CH:CH2
CH3(CH2)4CH2CH:CHOOCCH3

Tac nhan oxi héa manh nhu CrO3, KMnQO4, K2Cr207,... ¢é thé vira
oxi héa nhém allyl, vira oxi hda ndi doi cua alkene va phd v& lién két:

O

CrO3
—_—
CH;COOH COOH
COOH
Ngoai ra, qud trinh oxi héa nhém allyl s& dan t6i su hinh thanh céc
hgp chat carbonyl khong no.

Vi du 1: Acrolein duoc tong hop tir qué trinh oxi héa propylene bai
oxygen voi xuc tic Cuz0:
Oz/Clle

CH,=CHCH; ——— CH,=CHCHO
250-500°C
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Vi du 2: Maleic anhydride dugc tao thanh tir sy oxi héa butene bdi
oxygen khong khi vdi xtc tac 1a hon hop Coz04 va Mo3O4 hay Fe2Os
va MoOs:

0
CHZZCHCH2CH3 0) /xt
2 5 o)
CH;CH=CHCH, 350-400°C
0

d) Oxi hoa nhom C-benzyl

Su oxi héa nhém C-benzyl xay ra dé dang hon so v&i nhém
methylene hay methyl cua alkane v&i cdc tic nhan oxi héa manh nhu
02, KMnOy4, H2CrO4, CrOs, KoCrO4, Pb(CH3COO)s,...

Vi du 1: Benzoic acid duoc tong hop tir qud trinh oxi héa toluene voi
oxygen khong khi 1a tdc nhan oxi hoa:
CH; COOH

0, khéng khi/Co**
150-170°C; 0,2-0,8MPa

Vi du 2: Qua trinh oxi héa p-xylene bdi oxygen khong khi véi xic tac
cobalt (IT) bromide hay magnesi bromide trong dung moi acetic acid s€
hinh thanh terephthalic acid:

CH; COOH

0O, khong khi/CoBr,

175-290°C; 4MPa

CH, COOH

Vi du 3: So do hinh thanh phenol tir qué trinh oxi héa va thuy phin
cumene (isopropylbenzene):

CH(CH,), C(OOH)(CH3),
A r 2+ C6H50H
0, khong khi/Co H,S0, {
= —
100°C 50-60°C
CH,COCH,
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Vi du 4: So d6 phan tng minh hoa sy hinh thanh mot s san pham tir
su oxi hoa C-benzyl:

CH, COOK
X KMnO, X
| o |
= H20, to =
N N
| N KMnO, @
 —
F H,0, t° =
N” “CH,CgH; 2 N7 SCOCgH;
s CeHs
cH ~cZon
Cr03
—_—
CH,;COOH

Khi mach carbon cua alkyl lién két tryc tiép v6i nhan thom co
nhi€u carbon thi cling chi x4y ra sy oxi héa cat mach & C-benzyl:

CH,CH3 COOH

CrO3
1,50,

Su oxi hda xay ra nhung khong thyuc hién cat mach carbon thi s&
hinh thanh ketone khi sir dung Na>Cr20O7 lam tic nhan oxi hoa:
COCHj,

CH,CH;
NaZCr207
—_—
250°C

Oxi héa nhém methyl lién két tryc tiép nhan thom véi tic nhan
CrO2Clz hay CrO2(0O0CCHs): s€ thu dugc aldehyde thom, tuy nhién
hi¢u suat tong hgp thap:

CH, CHO
Cr02C12
—_—
ccl,
I 1
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6.1.1.2. Oxi hoa hydrocarbon khong no
a) Oxi hoa alkene
- Chuyén héa alkene thanh alkyne théng qua phan tng cong-tich

Qua trinh duoc thyc hién thong qua phan tng cong Bra vao nbi
doi cua alkene, sau do tach loai hydro bromide hinh thanh alkyne:

Br, NaNH,
C¢HsCH=CH, —» C(H;CHBrCH,Br ——» CHs;C=CH
CCly THF

- Cong hop oxi hoa ndi d6i cua alkene
+ Oxi héa bang tac nhan peracid

Cic peracid c6 kha ning oxi héa ndi d6i cia alkene trong dung
moi khong c6 proton nhu chloroform hay ether sé tao thanh hop chat
vong ba canh chtra oxygen va goi 1a epoxy. Hop chit epoxy chi bén khi
trong dung dich khong c6 tac nhan 4i nhan:

CH3COOOH
CHcg ©
Hop chét epoxy tham gia phan tng thuy phan voi H2O, phan tng
xay ra nhanh khi c6 xtc tac acid hay base, hinh thanh san pham trans-
diol:
0 . ) OH
7

c=C ——» (- —» (C-C
N CHCly/ether d N /(l)H N

Vi du: Phan Gng oxi hoa cyclohexene bing tic nhin perbenzoic
acid hinh thanh 1,2-epoxycyclohexane. Thuy phan 1,2-

epoxycyclohexane trong méi truong acid s& tao san pham la doi d6i
quang cua trans-1,2-cyclohexanediol:

OH HO
H,0 d
_»
“/0H HOW'|
H H
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Ngoai phan tng thiry phan, hop chit epoxy con tham gia phan tng
m¢ vong voi cac tac nhan ai nhan do vong epoxy khong bén.

Vi du: Hop chét 2,2,3-trimethyloxirane mé vong epoxy véi tac
nhan methanol trong méi truong base hinh thanh san phim 3-methoxy-
2-methylbutan-2-ol va trong mdi trudng acid thu dwoc san pham
3-methoxy-3-methylbutan-2-ol, dugc thé hién trén so dd phan ung:

OH
CH;0H [
————»  CH;—CH—C—-CH;
CH3ON3 | |
OCH; CH;4
CHj /O\ _CH, 3-methoxy-2-methylbutan-2-ol
H”" "NCH,
OCH;
CH;0H I
H,S0, [ |
OH CH;

3-methoxy-3-methylbutan-2-ol
+ Oxi héa bang tic nhan KMnOx lodng hodc OsO4 & nhiét d thap

Duéi tac dung ctia tdic nhan KMnO4 loang ¢ nhi¢t do thép hoac
tac nhan OsO4 két hop v6i H20», alkene c6 thé chuyén hoa tao thanh
cis-diol. Dé han ché su oxi héa cis-diol din téi sy cat mach carbon thi
can tién hanh phan Gng & nhiét 46 phong hoic thip hon va sir dung dung
dich KMnOy loang trong moi truong base. Phan ing oxi hoa alkene
bang dung dich KMnO4 lodng & nhiét d6 thap van xay ra trong moi
truong trung tinh tuy tbc do phan tmg chdm hon. OsOs rat dit nén
thuong chi st dung ddi voi thi nghiém lugng nhé va chinh x4c trong
phong thi nghiém. Khi ding tic nhan oxi héa OsOu4 dé oxi hoa alkene
thi OsO4 dugc tai sinh trong qua trinh phan mg, do d6 chi can dung
mot lugng nhd OsO4 cho qué trinh oxi hda nay. Ngugc lai, khi str dung
tdc nhan oxi héa KMnOy loang thi KMnO4 khong dugc tai sinh trong
qué trinh phan tng:

0s0,/H,0, -~ a0H
[ KMnO,/H,0 o[
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Phan g oxi héa bang tic nhan OsO; c6 thé tién hanh két hop voi
tac nhan khir nhe nhang nhu dung dich NaHSO3 hay dung dich Na>SOs,
tuy nhién OsO4 khong dugc tai sinh trong qua trinh phdn irng ma lai thu
dugc osimium (Os):

CH
CH =t
> 0s0,/Na,SO; -aOH
—_—
-Os |
CH, ZVOH
CH,

+ Oxi hoa bﬁng tac nhan KMnQO4 dam dac ¢ nhiét do cao

Khi thyc hién phan tmg oxi hoa alkene bang tac nhan KMnO4 ddm
dac trong moi truong acid hodc base ¢ nhi¢t do cao thi phan ung oxi
hoa alkene xay ra kém theo qua trinh cit mach carbon, san pham thu
duoc s& 1a carboxylic acid, mudi carboxylate hoic ketone. Alkene c6
nbi d6i dau mach s& cho san pham oxi hoa 1a CO» khi oxi héa trong méi
truong acid, thuong khong tach duoc san pham trung gian HCOOH
trong trudong hop nay:

KMnO,, H,O/H"
CH, " > 0O + CO,

Khi thuc hién su oxi hoa cat mach san phém diol cua phan ing
oxi héa alkene véi dung dich KMnOy loang trong moi trudong base &
nhiét do thap hodc OsO4 biang tic nhan oxi héa periodic acid (HIO4) s&
thu dugc aldehyde hoac ketone:

KMnO,, OH", H,0 HIO, | CHy;COCH;
(CH;),C=CHCH,4 > (CH,),C(OH)CH(OH)CH; —» {

0°C CH;CHO

+ Oxi héa bang tidc nhan ozone

Dudi tic dyng cua ozone trong dung moéi tro nhu CCls 6 nhiét do
thap (- 78°C) thi ozone s¢& tAn cong vao ndi doi cua alkene hinh thanh
san pham vong trung gian molozonide khong bén, sau d6 san pham nay
nhanh chéng chuyén thanh hop chit vong ozonide bén hon. Trong dung
dich, hop chit ozonide thudng bi thily phin thanh cdc hop chat
carbonyl. Phan trng thuy phan ozonide véi cac tac nhan c6 tinh khir nhu
Zn trong moi truong acid (acetic acid, hydrochloric acid) hoac
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hydrogen trén xuc tac platinum hay (CHj3)2S thi s€ thu duogc cac hop
chat aldehyde hodc ketone. Phan ung thily phan ozonide xay ra trong
moi trudng acid, dau tién van hinh thanh cdc san pham aldehyde hoic
ketone. San phadm phu ctia qu4 trinh thiy phan trong acid 1a H,O», hodc
trong truong hgp c6 cac tdc nhan oxi hoa trong dung dich phan tng thi
céc aldehyde sé& tiép tuc bi oxi héa thanh cac carboxylic acid twong {ing
va thuong khong tach duoc céc san pham aldehyde trung gian. Do do,
mudn thu duge san pham aldehyde, can phai dung céc tic nhan khu
trong qud trinh thuy phan:

1. 0, -78°C

» HOCCH,CH,CH,CH,CHO

2. Zn, CH;COOH
O 1. 03, -78°C

» HOOCCH,CH,CH,CH,COOH
2. H,0,

Khi thyc hién phan trtng ozone héa cic alkene c6 ndi d6i dau mach
va sau d6 thuy phan trong tdc nhan oxi hdéa nhu H>O; thi thu duogc
formic acid, con thiy phan trong tdc nhan c6 tinh khir thi hinh thanh
formaldehyde:

1. 03’ _780C { CH3CH3CH2CHO

2. Zn, CH3COOH HCHO
CH3CH2CH2CH:CH2 -

1.0s, -78°C { CH,CH;CH,COOH

2. H0; HCOOH

b) Oxi héa alkyne

Alkyne thuong khong bén véi cac tac nhan oxi héa nhu ozone
hodc KMnO4 trong moi truong acid va xdy ra sy oxi hda cat mach
carbon tai lién két ba, hinh thanh san pham la cac carboxylic acid:

@COOH
KMnO,, H,O/H*
CH;COOH
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Déi voi cdc alkyne c6 lién két ba diu mach thi san phim thu duoc
gom mat carboxylic acid va CO: khi oxi héa véi tac nhan KMnOy trong
moi truong acid:

CH;—C=CH

KMnO,, H,O/H" { CH;COOH
—_—
tO

Co,

Sy oxi hoa alkyne thudng khong c6 ¥ nghia nhiéu vé phuong dién
tong hop do san pham cua qua trinh nay thuong 1a hon hop nhicu chat,
kho phan lap va tinh ché dé thu dugc sdn pham tinh khiét.

6.1.1.3. Oxi hoa hydrocarbon thom va di vong thom don gidn
- Ox1 héa hydrocarbon thom

O diéu kién thuong, benzene tro véi cac tdc nhan oxi hda nhu phan
g oxi héa benzene voi dung dich KMnO4 lodng & nhiét do thap khong
xay ra. Trong diéu kién nghiém ngit thi xay ra phan ung oxi hoa cat
mach carbon.

Vi du 1: Benzene bi oxi hoa cat mach carbon trong oxygen khong khi
khi dung xuc tac Vanadi}lm pentaoxide (V20s) & nhiét d§ 450-500°C,
duoc minh hoa trén so do phan ung:

02/V205 02/V205
— 0 O —— > HOOCCH=CHCOOH
450-500°C 450-500°C

Su oxi hoéa hydrocarbon thom thuong sir dung tdc nhan oxygen

khong khi do tdc nhan nay phong pht va ré tién vi xuc tdc vanadium
pentaoxide (V20s) hinh thanh hop chat hitu co c6 gia tri.

Vi du 2: Phthalic anhydride duogc tong hop tir sy oxi héa naphthalene
bdi oxygen khong khi vdi xuc tac vanadium pentaoxide:

0
0,/V,05
_— O
325-450°C
0
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Vidu 3: Sy oxi hdéa anthracene véi tac nhan oxi héa sodium dichromate
trong sulfuric acid hinh thanh anthraquinone, nguyén li¢u dé san xuat
pham nhudm cling nhu dugc pham:

(0]
N32Cr207
S
H,S0,
(0]

- Oxi héa di vong thom don gian

Cic hop chét pyrrole va furan bj oxi héa boi nhiéu tc nhan oxi
héa khac nhau & céc di€u kién thich hgp. Nhitng tdc nhan oxi héa manh
thuong pha vd cau tric ctia vong pyrrole va furan.

Vi du: Su oxi héa hop chat pyrrole v&i tic nhan hydrogen
peroxide trong barium carbonate s& hinh thanh hdn hop hai san pham
bao gdm 3-pyrroline-2-one va 4-pyrroline-2-one, trong d6 3-pyrroline-
2-one 1 san pham chinh va cé sy tautomer héa gitta hai san pham nay
thong qua giai doan hinh thanh 2-hydroxypyrrole, thé hién trén so do:

[} mosmco, & Q &

N
H

Furan va dan xuat thuong khong bén véi cac tac nhan oxi hoa, dic
biét dan xuat furan chira nhém thé day electron c6 do bén vdi tic nhan
oxi héa thap hon dan xuat furan chira nhém thé hit electron.

Qua trinh oxi hoa furan thuong xdy ra sy mé vong va hinh thanh
1,4-dione khong no. Tuy thudc vao tac nhan oxi héa st dung ma thu
dugc san pham c6 cau hinh (E) hay (Z):

/@\ NaOCl (CHLC 0
(CH3);C 0 C(CHz3)s3 HCI, CH,Cl, 373 N
C(CH3)3

O

/@\ (NH,),CO.H,0, /@\
CHj; CH,(Cl, - CH

0) C,Hj; 3 00 C,H;
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Cic hop chit di vong thom sdu canh chtra nitrogen nhu pyridine,
quinoline hay isoquinoline dé tham gia phan tng oxi héa tai nguyén tir
nitrogen véi tac nhan oxi hoa 1a percarboxylic acid dé hinh thanh san
pham pyridine N-oxide twong (g, minh hoa trén so do:

| N percarboxylic acid | A
_ >
N N7

|
0

@ percarboxylic acid @
z - z
N ITT+

o

Bén canh d6, san pham N-oxide cta pyridine va dan xuit dugc st
dung trong nhi€u qua trinh tong hop cac hgp chat hitu co khac nhau, c6
gid tri va dugc dung trong nhi€u nganh cong nghiép.

San pham N-oxide ctia pyridine va dn xuét c6 kha nang tham gia
phan trng halogen héa, phan trng sulfo hda, phan ting nitro hda va nhiéu
phan ng héa hoc khéc, thé hién ¢ so do:

Br
Br,/oleum | N
—_—
70°C =
N+
|
() — o
N/

* SO;H
é_ oleum/HgSO, | X 3
L e

240°C =
N+
|
o-
NO,
CH, CH
| N HNO4/H,SO, A 3
— " =
Z 100°C —
Y g
(O 0~
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6.1.2. Oxi h6a din xuit hydrocarbon
6.1.2.1. Oxi hoa alcohol
a) Oxi hoa alcohol bdc mot

Alcohol bac mot bi oxi hda bdi cac tac nhan oxi hoa thuong hay
st dung 1a KMnOs, K2Cr207, CrO3, NaxCr20y,... trong moi truong acid
nhu H>SOg4 hinh thanh aldehyde tuong Uing, aldehyde thu dugc bi oxi
hoa tiép tuc thanh carboxylic acid hodc cho hoi alcohol bac mét di qua
Xtic téc copper ¢ nhiét 6 cao trong diéu kién thiéu oxygen khong khi
s& thu duoc aldehyde. Trong mot sb trudng hop, cé thé tach duoc
aldehyde ra khoi hon hop phan g véi hiéu suat dang ké. Tuy nhién,
phan 16n s& khong thé tach dugc aldehyde va san pham chinh thu dugc
la carboxylic acid:

K,Cr,0,

FCH,CH,CH,0OH ——» FCH,CH,COOH
H,S0,

OZ/Cu

200-300°C

bé thu duogc aldehyde tir sy oxi héa alcohol bac mot véi hi¢u suat
cao trong phong thi nghiém thi thuong st dung tdc nhan oxi hda
pyridinium chlorochromate (CsHsNH*CrOs;CI-PCC) hodc pyridinium
dichromate ((CsHsNH)2**Cr,07>-PDC) trong dung moi
dichloromethane khan (DCM). Tac nhan oxi héa PCC hoac PDC con
duge str dung dé oxi héa alcohol bac mot c6 lién két d6i C=C trong
phan tir khong bén vdi cdc tac nhan oxi héa khéc:

PCC
CH»):C CH,OH —>» CH»),C CHO
(CH3); O 2 Dot (CH3); O

CH; CH,
PCC
CH,OH — CHO
DCM
CH3 CH3 CH3 C:I—l3
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Bén canh d6, khi oxi héa alcohol bic médt, mudn dung & san
pham aldehyde thi can 4p dung céc bién phdp k¥ thuat phit hop nhu
tinh todn ty 1¢ thich hgp gitta alcohol bac mgt va tac nhan oxi héa, tich
ngay san pham aldehyde ra khoi hon hop phan tng néu aldehyde c6
nhiét d6 so6i thap, khong ché nghiém ngit ca thdi gian phan tmg va
nhiét 4o phéan Ung.

Vi du: Cat 1iy san pham propanal ra khoi hon hop phan tng &
nhi¢t do so6i cua propanal (49°C) khi oxi héa propan-1-ol véi tdc nhan
K>Cr207 trong H2SO4:

K2CI'207/H2804

CH;CH,CH,0OH
3Lty 95°C

CH,CH,CHO

b) Oxi hoa alcohol bdc hai

Alcohol bac hai b1 oxi héa béi cac tac nhan oxi hda thuong hay st
dung 1a KMnOj4, K>Cr207, CrOs, Na;Cr07,... trong moi truong acid
nhu H2SO4 hinh thanh ketone twong tng hodc cho hoi alcohol bac hai
di qua xuc tac copper ¢ nhiét do cao trong diéu kién thiéu oxygen khong
khi s€ thu duoc ketone:

OH 0]
NazCr207
—_—

H,S0,
K2C1‘207

CH;CH,CH(OH)CH,CH,CH,CH; - ———2 CH;CH,COCH,CH,CH,CH;
200y

02/Cu
CH;CHOHCH; ———— CH;COCH,
200-300°C

Ketone thu duoc bén véi cdc chat oxi héa ding trong qud trinh
nay. Tuy nhién, khi tiép xtic l1au dai v&i cdc chat oxi héa manh thi ketone
s& bi oxi héa cat mach carbon hinh thanh hdn hop carboxylic acid c6
mach carbon ngin hon alcohol bac hai ban dau.

Khi can bao vé lién két d6i C=C trong phan tir alcohol bac hai thi
cling str dung tic nhan oxi hda la PCC hay PDC trong DCM:
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OH

PCC

DCM
CH,=CHCH(OH)CH,CH,CH,CH,CHj, Eﬁ CH,=CHCOCH,CH,CH,CH,CH;

c) Oxi hoa alcohol bac ba

Alcohol bac ba khong tham gia phan ing oxi hda ca trong mdi
truong base va moi truong trung tinh. Khi thyc hién phan trng oxi héa
trong moi trudng acid, alcohol bac ba tham gia phan tng tach nude hinh
thanh alkene tuong ting. Alkene thu dugc tham gia phén rng oxi héa
kém theo su cit mach carbon, hinh thanh ketone va carboxylic acid c6
mach carbon ngﬁn hon alcohol bac ba ban dau:

CH
| KMnO,/H,80, [ CHs™{—CHs
CH;—C—CH,—CH;  —0o 2750 o
| t°C
OH

CH,COOH

6.1.2.2. Oxi héa phenol

Phenol c6 thé tham gia phan ng oxi héa véi céc tic nhan khac
nhau. Phan ung oxi hoa phenol véi chat oxi héa manh nhu
K(S03):NO (potassium nitrososisulfonate, con goi 14 mudi Fremy)
hinh thanh san pham p-benzoquinone (goi tat 1a benzoquinone). Thyc
té, benzoquinone dugc tao thanh tir phan Gng oxi héa hydroquinone
béng tac nhan Na>Cr,07 trong mdi trudong acid, dugc minh hoa & so
dd phan tGng:

OH
K(SO3)2NO Na,Cr,0
S

OH

p-Benzoqumone Hydroquinone

Vi du: Sy oxi hoa 4-methyl pyrocatechol véi tac nhan AgoO trong
ether khan s€ hinh thanh 4-methyl-1,2-benzoquinone:
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OH O

OH
Ag20 O

—
ether

CH; CH,

6.1.2.3. Oxi hoa aldehyde va ketone
a) Oxi hoa aldehyde va ketone hinh thanh carboxylic acid
- Ox1 hoa aldehyde

Aldehyde bi oxi héa thanh carboxylic acid twong tng bdi céc tac
nhan nhu KMnOy trong moi truong acid, KoCr2O7 trong moi trudong
acid, O v6i xic tdic Mn?*, Ag(NH3):* trong NHs. Phan tng oxi héa
aldehyde thanh carboxylic acid c6 gid tri trong tong hop hiru co, dic
biét 1a trong truong hop hinh thanh céc acid khong no tr aldehyde
khong no tuong tng. Trong trudng hop nay, can phai st dung tic nhan
Tollens (Ag(NH3)>*/NH3) do tdc nhan nay khong c¢6 kha nang phan ing
véi lién két doi C=C:

K,Cr,04
CH;CH,CH,CH,CH,CHO W CH,CH,CH,CH,CH,COOH

Ag(NH;),"
CH3CH2CH2CH2CHO T CH3CH2CH2CH2COOH
3
Ag(NH;),"

CH;CH=CHCHO T CH;CH=CHCOOH
3

- Oxi hoa ketone

Ketone thuong bén vai cac tic nhan oxi hoa va phan img oxi hoa
ketone it cé gié tri trong téng hop hitu co. Trong diéu kién thich hop,
phan tmg cit mach carbon cta ketone xdy ra, hinh thanh carboxylic acid
tuong ung:

KMnO, [ RCOOH
RCH,COR' ——> {

H,0/H" | r'coon
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Hop chét methyl ketone bi oxi héa nhe nhang trong diéu kién cua
phan trng haloform hinh thanh carboxylic acid:

H,O/H"
Br, (CH;5);CCOO" — (CH;);CCOOH
(CH3)3CCOCH3 — {
OH" CHBr3

b) Oxi héa aldehyde va ketone hinh thanh 1,2-dicarbonyl

Su oxi héa aldehyde va ketone xday ra & nhom methylene hoat
dong véi tdc nhan oxi héa thich hop hinh thanh 1,2-dicarbonyl:

8602

X,/DMSO
RCOCH,R' » RCOCOR'

R"ONO, H,0/H*

X,: halogen, DMSO: dimethyl sulfoxide

Vi du: Sy hinh thanh 1,2-dicarbonyl tuong tng khi oxi héa lan
lugt acetophenone voi selenium dioxide, p-nitroacetophenone voi
Bry/acetic acid trong dimethyl sulfoxide, propiophenone trong methyl
nitrite/hydrochloric acid-ether:

SCOZ
CeHsCOCH; —w C4H;COCHO

Br,/CH;COOH
O,N COCH; ————» O,N COCHO
DMSO

CH;0NO
C¢HsCOCH,CH; —— C4H;COCOCH;
HCl-ether

c) Phan vng tu oxi hoa khu
- Phan img Cannizzaro

Céc hop chat aldehyde khong co nguyén tir hydrogen o c6 kha
nang tham gia phan Gng tu oxi hoa khir trong moi truong base manh
hinh thanh hon hop alcohol va carboxylic acid twong ung:
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CH,O0H

COOH

1. NaOH
20,N CHO —>
2. HCI

1. NaOH CH;0H
2HCHO ——» {

2. HCl HCOOH

Khi hén hgp hai aldehyde khic nhau tham gia phin ung
Cannizzaro thi tao ra bon san pham, trong d6 ¢ hai san pham alcohol
do qua trinh khtr va hai san pham carboxylic acid do qua trinh oxi hoa.
Tuy nhién, néu mot trong hai aldehyde ban dau 1a formaldehyde thi ludn
xay ra phan trng oxi hda formaldehyde tao thanh formic acid, aldehyde
con lai xay ra qua trinh khtr hinh thanh alcohol tuong tng:

1. NaOH CH3OOCHZOH
HCHO + CH;0 CHO ——»

- Phan tng Tishchenko

Phan tmg tu oxi hoa khur gilra hai aldehyde béo c6 hydrogen o
trong moi trudong base yéu hinh thanh ester goi 1a phan trng Tishchenko:

Al(OCH,CHj),
2 CH;CHO —————3» CH;COOC,H;

6.1.2.4. Oxi hoa amine
a) Oxi hoa amine bdc mot

Phan 1Ung oxi héa amine bac mot hinh thanh
N-alkylhydroxylamine thong qua hop chit trung gian oxide ctia amine.
Trong nhiéu trudng hop, N-alkylhydroxylamine tiép tuc bi oxi hoa tao
thanh hop chat nitroso twrong tng:

[0] . [O] -H,0
RNH, —% [R—NH,| —» RNHOH — RN(OH), — RNO

O  N-alkylhydroxylamine
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Vi du: Sy hinh thanh p-nitrosotoluene khi oxi héa p-toluidine véi
tdc nhan peracetic acid:

CH;COOOH
CH, NH, ———> CH, NO
H,0

Khi str dung trifluoroperacetic acid hay peracetic acid khan nudc
thi s€ xay ra sy oxi hda hop chat nitroso tao thanh hop chat nitro va da
dugc minh hoa trén so do phan trng:

CH;COOOH khan

C,HsCH(NH,)CH, » C,H;CH(NO,)CH,
CICH,CH,CI

b) Oxi hoa amine bdc hai
Phan trng oxi hoa amine bac hai hinh thanh dialkylhydroxylamine
thong qua hop chat trung gian oxide ciia amine:
[O] +
R,NH — [R,—NH| —» R,NOH
O  dialkylhydroxylamine

Vi du: Sy hinh thanh N-hydroxypiperidine khi oxi héa piperidine
v61 tdc nhan peracetic acid:

CH;COOOH
NH —>» NOH

¢) Oxi hoa amine bdc ba

Phan tng oxi héa amine bac ba hinh thanh amine oxide dudi
tac dung clia cdc tic nhan oxi héa cé thé dung 1a H.O, hay
RCOOOH. Khi dun nong ¢ nhiét dd khoang 150-200°C, amine
oxide tham gia phan @ng tach loai tao thanh alkene va din xuét
twong ung cua hydroxylamine:

[O]

+
R;N —» [R;—N
3 3 |
o
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Vi du: Sy hinh thanh methylenecyclohexane va N.,N-
dimethylhydroxylamine khi oxi héa 1-cyclohexyltrimethylamine véi
tdc nhan hydro peroxide, dun nong, duogc thé hi¢n ¢ so d6 phan ung:

H,0, + 160°C
CH,N(CHy), —» CH,N(CH;), —
|
L

(CH5),NOH
6.2. Phan ung khir héa trong tong hop hiru co
6.2.1. Khir héa hydrocarbon
6.2.1.1. Khir héa hydrocarbon khong no
a) Khir hoa alkene

Alkene bi khir boi hydrogen theo phan tung cong hop kiéu cis-
trong xuc tac thich hgp hinh thanh alkane twong rng. Xtc tdc thudong
su dung la Ni, Pt, Pd, Rh ¢ dang hat c6 kich thudc nho (hat min) hodc
phan tdn trén chat mang than hoat tinh:

H,
RCH=CH, ——» RCH,CH,
xUc tac

Phan g hydro héa alkene véi xiic tac di thé doi khi kém theo su
chuyén vi trén bé mit xic tdc tao thanh san phém 12 hon hop cac déng
phan cis- va trans-, hodc cat mach carbon. Ngay nay, dé han ché qua
trinh chuyén vi hay cat mach carbon khi hydro héa alkene thi c6 thé str
dung cic xiic tic phirc ciia kim loai chuyén tiép nhu Rh hay Ir. Xuc tac
dugc sir dung nhidu nhat 1a xiic tac Wilkinson, dang phtic ctia Rh véi
triphenylphosphine, c6 cong thirc RhCI[P(CeHs)s]3 va tan trong dung
dich phan trng nén phan ung xay ra dong the.

N Khi mudn khu”hoa chon loc chi lién két d6i C=C cua alkeqe ma
van bao toan lién két do61 C=0 cua ester, aldehyde, ketone thi can sur
dung xac tac dong thé nhu RhCI[P(CeHs)3]3,...:

H,

-

RhCI[P(CcHs);]5
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b) Khitr héa alkyne

Alkyne bi khtr bdi hydrogen véi xic tac Pt, Pd, Ni,... ¢ dang min
hoac phan tdn trén chat mang than hoat tinh hinh thanh alkane
tuong ng:

H,
R—C=C—R' ——» RCH,CH,R'
Pd/Pt/Ni

Pd/C

Phan tng hydro hoa alkyne c6 kha nang dung lai & giai doan tao
alkene khi dung xuc tac da dugc giam hoat tinh mot phan. Xtc tac duoc
su dung nhiéu nhat trong trueong hop nay la xuc tac Lindlar, duoc diéu
ché bang cach tao két tua palladium trén chit mang ran CaCOs hoic
BaSOys, sau do xur ly véi (CH3COO)2Pb va quinolone thi phan ung
hydro hoa alkyne dirng lai ¢ giai doan tao alkene (chu yéu 14 cis-alkene):

H,
H H
R—C=C—R' = >c=c]
R/ \R|
Pd/CaCO; .
; (CH;COO),Pb, quinolone
Pd/BaSO,

Mot phuong phap khac duoc sir dung dé chuyén hoa alkyne thanh
alkene 1a dung Na hodc Li trong NH3 long. Trong truong hop alkyne c6
lién két ba gitra mach thi sdn pham thu duoc 1a trans-alkene:

Na/NH; g _R
R—C=C—R' [—» Ne=C
Li/NH; R” ~NH

Nhu vay, phan ing hydro hoa cung nguyén li¢u alkyne, tuy xuc
tac phan ung s€ thu dugc hai san pham alkene khéac nhau:

H, H H
———— > >C=C/
[Pd/CaCO3 H3C \CH3
Pd/BaSO, cis-but-2-ene

but-2-yne

Na/NH3 H\C_C/CH3
[Li/NHz, H;C~ “H
trans-but-2-ene
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Ngoai ra, khi khir hoa alkyne bang phuong phap dién hoa, néu sir
dung cathode Pt thi thu duoc trans-alkene, con str dung cathode Ni sé&
hinh thanh cis-alkene:

(CHCH Cathode Pt CH,CHn_ _H
CH;CH 2)3 3 —_— =
e LiCl, CH,NH, H-" \(CH,);CH;4

Cathode Ni  CH3(CH,),n_ . _(CH,),CH;j
C,H;OH, H,SO, HZ" ™H

CH;(CH,),—C=C—(CH,;),CHj3

6.2.1.2. Khir héa hydrocarbon thom va di vong thom don gidn
a) Khwr hoa hydrocarbon thom

Phan tng hydro héa benzene véi xuc tic Ni-Raney, Ni/Al2O3 hodc
Pt/Al203 hay Rh/AL,O3 & nhiét d6 khong quéd 232°C hinh thanh

cyclohexane:
3y
xuc tac

Ngoai ra, phan ung khir hda benzene véi tdc nhan khir 1a Li/NHj3
long hay Na/NHj3 1dng s€ hinh thanh cyclohexa-1,4-diene:

[ a/NH3
LI/NH3

b) Khir hoa di vong thom don gian

Pyrrole va dan xuét thuong khong tham gia phan tng véi cac tac
nhan khir nhu kim loai kiém trong ethanol, kim loai kiém trong
ammonia long,... Tuy nhién, pyrrole va dan xuat c6 thé bi khir trong
moi truong acid:

_
[ > CH;COOH
N N
H H

Furan va d?m xuét bi khtr boi hydrogen trong xic tic Ni-Raney
hinh thanh tetrahydrofuran:
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O (@]

Phan 16n furan va dan xuat khong tham gia phan Gmg khtr véi tic
nhan kim loai kiém trong ammonia long. Tuy nhién, két qua nghién ctru
cho thay furoic acid c6 thé bi khir béi Li/NH; 16ng hay Na/NH; long
tao thanh 2,5-dihydrofuran-2-carboxylic acid tuong Ung:

Li/NH;
w\ H
H,OH
COOH CH;0 COOH

O O

Thiophene va dan xuat bi khir trong tic nhan Na/CoHsOH hay
Na/NHj3 1ong hinh thanh tetrahydrothiophene:

/ \ Na/Hg
Z < > C,HsOH Z >

Ngoai ra, thiophene va dan xuat thuong c6 tinh chat dau doc xuc
tac, dac biét 1a cac xuc tac kim loai chuyén ti€p s€ sir dung trong phan
ung hydro héa. Bén canh do, phan img khtr tach loai sulfur cling c6 kha
nang xay ra ngay trong qué trinh hydro héa. Do do, phan tng khir
thiophene thuong phure tap hon so v6i phan tmg khur pyrrole va furan.
Phan g tach loai sulfur tir dan xuat thiophene bang qué trinh hydro
héa trén xuc tdc Ni-Raney xay ra twong doi1 dé dang, dugc st dung dé

téng hop cac hop ghét hiru co khong chira sulfur tir nguyén li¢u
thiophene va dan xuat, da dugc ung dung nhi€u trong cong nghiép:

(CH,);COOH

H, COOH

CH
CHi™ s 3 H,0, 100°C
Pyridine va din xuét bi khtr trong tic nhan Na/NH; léng hay

Na/C>H5sOH s& hinh thanh 1,4-dihydropyridine, sau d6 tiép tuc su khr
héa mo vong, dugce thé hién & so d6 phan tng:
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H_ _H
\ Na/NH; H,0
| — = | —» CH;CO(CH,);COCH;
z C,H;0H
CHy” N CH; CHj E CHj

Ngoa1 ra, pyridine va dan xuét bi khu boi hydrogen voi xic téc Pt,
Pd, Ni,... hinh thanh piperidine va din xuét twong Gng:

@ == O
|

>

N N

6.2.2. Khir héa din xuit hydrocarbon
6.2.2.1. Khir hoa aldehyde va ketone
a) Khir héa aldehyde va ketone thanh hydrocarbon

Phuong phap khir Wolff-Kishner: Bun nong aldehyde hodc ketone
v61 hon hgp hydrazine (NHoNHz) va base hinh thanh hydrocarbon
twong ung:

COCH,CH;  \py iy, CH,CH,CH,
—
OH, t°

Phuong phép khir Clemmensen: Khur aldehyde hoac ketone véi
tac nhan Zn(Hg) trong HCI hinh thanh hydrocarbon tuwong ting:

COCH,CH3 oy CH,CH,CH,
—_—
HCI

Khi trong phan tir aldehyde va ketone c6 nhém thé khoéng bén
trong mdi trudong base thi st dung phuong phép khir Clemmensen.

_ Nguoc lai, trong phén tir aldehyde va ketone c6 nh6m thé khong
bén trong moi truong acid thi st dung phuong phap khir Wolft-
Kishner.

Vi du: Khir ketone thanh hydrocarbon str dung phuong phap khu
Wolff-Kishner va Clemmensen:
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— HO
OH, t°
CH,CHj,
HO —
COCH, Zn(Hg)
— Cl
HCI

CH,CH,

b) Khir hoa aldehyde va ketone thanh alcohol

Phan tng khu aldehyde hodc ketone voi tic nhan LiAlH4 hay
NaBH4 hoac Hy/Pt, Pd, Ni, Ru,... hinh thanh alcohol bac mdt va alcohol
bac hai twong trng:

H,/Pt
CH;0 CHO ——» CH;0 CH,OH
C,HsOH
o P
CH3OH

Trong phong thi nghiém, tic nhan LiAlH4 va NaBH4 duoc str dung
nhiéu nhat. Trong d6, NaBH4 méc du c6 hoat tinh kém hon LiAlH4

nhung an toan va dé sir dung hon. Phan tng khir aldehyde hoic ketone
véi NaBH4 ¢6 thé st dung trong dung méi alcohol hodc nudc:

0,N, O,N
NaBH,
CHO — CH,OH
CH;0H

NaBH,
C,HsOH

LiAlH4 c6 hoat tinh manh hon NaBHy, tuy nhién khé st dung va
nguy hiém hon do phan tng manh véi nudc hodc alcohol va phan huy
gay no khi dugc dun néng dén nhiét d6 khoang 120°C. Thong thudng,
phan tng khir aldehyde hodc ketone bang LiAlH4 duoc thyc hién trong
dung moi ether khan hoic tetrahydrofuran, sau d6 dén giai doan thily
phan trong mdi truong acid dé thu duoc alcohol twong tng. Ngoai ra,
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hai tdc nhan khir LiAIH, va NaBH4 déu khong c6 kha ning khir lién két
do61 C=C nén dugc str dung khi can tong hgp alcohol khéng no:
1. LiAlH /ether

(CH;),C=CHCH,CH,COCH; ———» (CHj),C=CHCH,CH,CH(OH)CH,
2. H,o/H"

Phuong phap kht Meerwein-Ponndorf-Verley: Khtr aldehyde
hoac ketone v6i tic nhan AI[OCH(CH3)2]3 ((CH3):CHOH/AIL>O3, CCls)
hinh thanh alcohol bac mdt va alcohol bac hai tuong tng:

Q AI[OCH(CH;),]5 Q
e 4

o OH
CHO CH,OH
(CH;),CHOH
— =
ALO;, CCl,
N02 NOZ

Bén canh do, sy khir hda ludng phan tir hay su khir héa ketone voi
tdc nhan Mg(Hg) hay Zn(Hg) hodc Al(Hg) trong moéi truong khong c6
chat cho proton s& tao hop chat 1,2-diol:

Mg(Hg)
2 CH;COCH, W (CH,),C(OH)C(OH)(CH3),
6116

6.2.2.2. Khir héa carboxylic acid va dén xuit
a) Khwr hoa carboxylic acid

Carboxylic acid twong ddi tro v&i nhiéu tac nhan khir, chi c6 thé
bi khir thanh alcohol bac mot twong trng khi sir dung tdc nhan khir manh
LiAlH4. Cac tdc nhan khur nhu NaBHa, Na trong alcohol hodc hydrogen
c6 xic tic ciing khong thé khir carboxylic acid thanh alcohol bic mot
tuong ung:

1. LiAlH,

RCOOH ———» RCH,OH
2. H,O/H*
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Téc nhan khtr LiAlH4 c6 kha nang khir hau hét cac nhom chirc co
chtra lién két doi hoac lién ket ba, trir alkene va alkyne. Phan trmg khu
carboxylic acid khong no thanh alcohol khong no bac mét bang LiAlH4
s€ bao toan cac lién két C=C, C=C:

1. LiAIH,

CH,=CHCH,COOH —— CH,=CHCH,CH,0H
2. H,0O/H"

LiAlIH4 ¢6 d6 chon lgc cao nén thuong dugc sir dung trong phong
thi nghiém lam tac nhan khir carboxylic acid thanh alcohol bac mot
tuong tng cling nhu dung 1am tac nhan khir cho nhiéu hop chat hitu co
khéc. Tuy nhién, gid thanh cua tic nhan LiAlH4 kha cao nén chi duogc
diing han ché trong cong nghiép nhu khir mot lugng nho tac chat khan
hiém trong cong nghiép dugc pham.

Ngoai ra, carboxylic acid c6 thé chuyén hoa thanh alcohol tuong
ung bang cach chuyén hoa carboxylic acid thanh ester va sau dé khu
héa ester thanh alcohol.

b) Khir héa dan xudt ciia carboxylic acid
- Khtr hoa ester

Ester c6 thé bi khir bai hydrogen véi xic tic thich hop, tic nhan
khtr nhu LiAlH4 hoac Na trong alcohol tao ra mot alcohol bac mot tir
gdc acid va mot alcohol tir goc alcohol trong ester ban dau. Trong cong
nghiép, thudng sir dung xuc tac 1a mot hdn hop cac oxide CuO.CuCr20s4
va phan trng dugc thuc hién & nhiét do cao va ap suét cao:

H,

CH;(CH,),,COOCH, » CH,;(CH,),,CH,0H + CH;OH
Cu0.CuCr,0,, 150°C

1. LiAIH4/ether
CH;CH,CH=CHCOOCH,CH; ———— > CH;CH,CH=CHCH,OH + CH;CH,0H
2. H,0/H

- Khtr hoa acid chloride

Khtr hoa acid chloride thanh alcohol bac mét twong ing véi tac
nhan khir manh LiAIHj4:
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COCL 4 LiAlH fether CH,O0H
[ —
2. H,O/H*

Phan g khtr acid chloride véi tdc nhan LiAlHy it duoc st dung
trong thuc t& do c6 thé str dung qua trinh khir trie tiép tir nguyén liéu
c6 gia thanh thap hon 1a carboxylic acid thanh alcohol bac mot véi tac
nhan khtr LiAlH4.

Acid chloride c6 thé bi khir thanh aldehyde twong (mg bang hydro
héa xtc tac theo phuong phap khur Rosenmund:

H
RCOCl] ——2*» RCHO

/BaSO,

Lithium tri—tert—bu}oxyaluminum hydride LiAIH[OC(CH3)3]3 1a
tac nhan khur chon loc d€ khur acid chloride thanh aldehyde tuong tng,
dugc minh hoa trén so do phan tng:

COCl CHO
LiAIH[OC(CH;)3];
THF, -78°C
NO, NO,
- Khtr hdéa amide

Amide b1 khir boi tac khan khir manh LiAlH4 s€ hinh thanh amine
tuong tng. Cac tac nhan khu nhu NaBHa, hydrogen c6 xtc tac kim loai
chuyén tiép khong khir dugc amide:

1. LiAIH,
CH3CH2CONH2 m’ CH3CH2CH2NH2
- 442

1. LiAIH,
- 12

1. LiAlH,

CH;CH,CON(CHy); T2 CH;CH,CH,N(CHy),
-2

187



- Khtr hoa nitrile

Nitrile b1 khir boi tac khan khir hydrogen véi cac xuc tac kim
loai chuyén ti€p Ni, Pd, Pt,... hodc LiAlH4 hinh thanh amine bac mot
twong Ung:

H,
CH,;CH,CH,CH,CN — CH;CH,CH,CH,CH,NH,
Pd/C
CHZCN CH2CH2NH2

H,/Ni
—
140°C

LiAlH,
NCCH,CH,CH,CH,CN ——  NH,CH,CH,CH,CH,CH,CH,NH,

Nitrile bj khtr hoa budc dau hinh thanh imine trung gian, sau d6
bi thuy phan ngay lap tirc s€ thu dugc aldehyde tuwong ing:

CH,CH,CN CH,CH,CHO

C(CH3)=CH _
(CHy)=CH, 1. LIAIH(OC,Hs)s, ether, 30°C C(CH3)=CH,

2. H,O/H"

6.2.2.3. Khir héa din xudt chira nitrogen
a) Khiwr héoa imine va oxime
- Khtr h6a imine

Imine bi khir béi hydrogen véi céc xiic tic kim loai chuyén tiép
Pt, Ni, Pd,... hinh thanh amine tuong Ung:

H,/Ni
CH;CH,CH,C(CH;)>NH —»  CH,CH,CH,CH(CH;)NH,

H,/Ni
—

N:CHCH2CH2CH3 NHCH2CH2CH2CH3
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Sy khir imine bing tdc nhan hydride kim loai nhu sodium
cyanoborohydride NaBH3CN trong moi truedng trung tinh hay acid yéu
hinh thanh amine tuong ing:

NaBH;CN
(CH;),CHC(C¢H;)=NCH; ———» (CH3),CHCH(C¢H;)NHCHj

- Khtr hda oxime

Oxime bi khtr thanh amine twong ng bdi tdc nhan hydrogen véi
cdc xuc tdc nhu Pt trong CH3COOH hodc Na trong C:HsOH:

H,/Pt
RCH=NOH H RCH,NH,
Na/C,H;OH

Ngoai ra, st dung LiAlHs dé khtr hoa oxime béo thi thu dwogc
amine bac mot tinh khiét. Khi khur héa arylketoxime thi hinh thanh mot
luong dang ké amine bac hai do oxime nay tham gia phan tng chuyén
vi Beckmann:

Beckmann
C6H5C(CH3):NOH _— C6H5NHCOCH3
i H,/Pt ¢ H,/Pt
C¢HsCH(CH;)NH, C¢HsNHCH,CH;

b) Khir héa nitro

Nitro bi khir thanh amine twong mg bang cic tac nhan khir thich
hop nhu hydrogen véi xdc téc kim loai chuyén tiép Ni, Pt, Pd hoic kim
loai trong moi truong acid (Fe/HCl, Sn/HCI, Zn/HCI) hay Na:S,
(NH4)S hoiic hdn hgp NH; va HoS trong C.HsOH. Day la phuong phap
khir héa c6 ¥ nghia trong tong hop amine thom (aniline va din xuat) tir
nitro thom tuong ing:
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CH(CH,), CH(CHj,),

NO
> HyNi NH,
—
CH;0H
N02 NHZ
1. Sn/HC1
—_—
2. NaOH
Cl Cl
1. Fe/HCl
—_—
2. NaOH
NO, NH,

Khi trong phén tir nitro ¢é cdc nhém chirc dé bi hydro héa nhu
C=C hay C=0 thi khong su dung tdc nhan khu hydrogen vdi xtc tdc
kim loai chuyén tiép Ni, Pt, Pd.

Khi sir dung tac nhan khu Fe/HCI thi lvgng HC1 can dung it hon
1y thuyét vi HCI s€ dugc tdi sinh trong qua trinh khr.

Ngoai ra, cdc tic nhan NaxS, (NH4)2S hodc hén hop NH; va HaS
trong CoHsOH c6 tinh khtr yéu nhung do chon loc cao. Khi trong phan
tr ¢6 nhiéu nhém nitro, néu ding mot lwong vira du céc tic nhan khir
nay thi chi c6 mot nhém nitro bi khir thanh amine:

NO2 NH2

—
NO, NO

NOI DUNG ON TAP

2

6.1. Hinh thanh san phim hitu co twong tng khi 1an luot styrene,
toluene, o-xylene, cumene, n-propylbenzene tic dung vdi dung
dich KMnOsa.

6.2. Xac dinh cau tric hoa hoc cua alkene biét rang ozone phén alkene
thu dugc mot san pham hiru co duy nhat 1a acetaldehyde.
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6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

Hoan thanh so dd chuyén héa but-2-yne-1,4-diol véi cdc hop chét
tor A dén F dugc bi€u dién dudi dang cong thirc cau tao thu gon.

KMnO, loang
—» C

H,
PaPbCO, | HCOOOH b
But-2-yne-1,4-diol ——— KMnO, loang
Na/NH, — > E
— > B —— Hcooon .

X&éc dinh san pham hitu co M va N cua c4dc phan tng.

OH OH

CrO; KMnO, loang
— M b. —> N
H,O0/H"

Dé xuat quy trinh tong hop nilon 66 tir adiponitrile NC(CH»)4+CN,
héa chit vo co can thiét ciing diéu kién phan tng day du.

Hop chat hitu co A (C7H14) 1am mat mau Brz trong CCls. Phan
ung cia A véi Hg(OOCCH3), trong THF-H20, sau d6 khu voi
NaBH. thu dugc hop chat hitu co B ¢6 kha ning hoa tan trong
nude. Ozone phan A hinh thanh san pham gidng san pham C khi
oxi héa hexan-3-ol bdi KMnOs. Xac dinh cau tric héa hoc cuia A,
B, C va viét cac phuong trinh phan Gng di xay ra.

Dy doan san phdm tao thanh khi str dung HIO4 hay Pb(OOCCH3)4
oxi hoa cac hop chat hitu co.

a. HOCH.CH,OH

b. CH;CH.CH(OH)CH(OH)CH2CH3

c. CeHsCH2CH(OH)CH(OH)CH3

d. HOCH.CH(OH)CH-OH

Du doan san pham tao thanh khi dot néng cdc hop chat hitu co voi
hdn hong Zn(Hg) trong HCL.
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a. CeHsCHO

b. CeHsCO(CH2);CH3
c. CH;COCH.COOH

d. CH;CH.CH=CHCHO

6.9. Xac dinh cong thirc cAu tao thu gon ctia cdc hop chat tir X dén T
trong céc so d6 chuyén héa.

NH,SH
a. m-CcHuNO,), —» X
oraTTRR LiAlIH,
NaCN —> Z
b. CH2=CHCH2B1‘ —_— Y —_— H2/N1
L— 3 T

6.10. Thyc hién su chuyén héa CeHsCH=CHCOCHj thanh céc hop chét.
a. CeHsCH=CHCOOH
b. C¢HsCH=CHCH(OH)CHj
c¢. CéHsCH.CH.COCH;
d. CéHsCH=CHCH,CHj3

6.11. Hoan thanh so d6 chuyén héa benzene véi hop chat tir G dén L
dugc bicu dién dudi dang cong thire cau tao thu gon.
(CH;CO),0 Zn(Hg) HF  Zn(Hg) Pd/C

———» G —>» H >» ] —» K —»
AlCl; HCl1 HCl1

6.12. Xay dung so do tong hop adipic acid tir benzene, hoa chat vo co
can thiét cung diéu kién phan tng day du.

6.13. Hoan thanh so d6 chuyén héa p-nitrophenol véi cac hop chat tir
A dén Ag dugc biéu dien dudi dang cong thirc cau tao thu gon.

1.OH Zn/HC1 NaNO,/HC1 C¢HsOH LiAlH,
p-NO,C¢H,OH | — Ay ————» A; —» Ay —» A5t Ag
2. C2H5Br SOC
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Huwong dén:

Sur dung phan mém ISIS Draw hodc ChemDraw dé v& cong
thirc cAu tao céc hop chit héa hoc ¢ ndi dung on tap 6.3, 6.9,
6.11 va 6.13.

Str dung trang web https://www.nist.gov/ dé tra ciru thuat ng,
danh phdp va tim hi€u tinh chat ctia cdc hop chat hitu co & ndi
dung 6n tap 6.5 va 6.12.

Tham khéo tai liéu 3, 6 dé thuc hién I}@i dung 6n tap 6.1, 6.2,
6.4, 6.6, 6.7, 6.8, 6.10 va tai li¢u 5 dé thuc hién ndi dung 6n
tap 6.13.

Goi y: Cong thuc cAu tao thu gon cua A, B (6.3), H(6.11) va
Az (6.13).

6.3
A B
H CH,OH
H\ . H\ % 2
C=C /C C\
HOCH; NCH,0H HOCH
6.11 6.13
H Aj
©i) C2HSOON2C1

193


https://www.nist.gov/

Chuong 7
SU CHUYEN VI

MUC TIEU
Sau khi hoc xong chwong nay, nguoi hoc van dung duoc:

1. Cdc chuyén vi dén nguyén tw carbon, chuyén vi dén nguyén
te nitrogen, chuyen Vi dén nguyén tir oxygen thugc chuyén vi
1,2 nucleophile dé tong hop cdc hop chdt hitu co.

2. Cdc chuyén vi 1,2 electrophile trong tong hop cdc hop chat
hitu co.

3. Cdc chuyén vi dong ly trong tong hop cdc hop chat hitu co.

4. Cdc chuyén vi tir nguyén tir oxygen vao vong thom trong tong
hop hitu co.

5. Cdac chuyén vi tir nguyén tir nitrogen vao vong thom trong
tong hop hitu co.

7.1. Chuyén vi 1,2 nucleophile
7.1.1. Chuyén vi dén nguyén tir carbon
7.1.1.1. Chuyén vi Wagner-Meerwein

Su sip xép lai carbocation 1,2 trong d6 hydrogen, alkyl va aryl s&
di chuyén tir nguyén tir carbon dén nguyén tir carbon bén canh dé hinh
thanh san pham tich hodc san pham thé goi 1a chuyén vi Wagner-
Meerwein:

%
' |
R .R/-\' — R—(—CH—R
I xuc tac )l @® ~R @ R R
R—C—CH—X —> —$ $H — R—?—?H—R —
R R -X R R R R ¥

i» R—?:?—R
R R
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Vi X = OH thi st dung xuc tic acid, X = halogen thi stir dung xic
tdc Ag20O va X = NHz thi dung xudc tic HNO».

Trong chuyén vi Wagner-Meerwein, carbocation tao thanh phai
bén hon carbocation ban dau. BJ bén cua carbocation dugc sap xép theo
thir tu: carbocation bac ba > carbocation bac hai > carbocation bac mot.

Dbi véi su chuyén vi Wagner-Meerwein dong vong thi su hinh
thanh hop chét hiru co vong ndm canh, sdu canh 1a bén viing hon ca.
Chuyén vi Wagner-Meerwein dugc su dung dé mo rong hodc thu nhé
céc hop chat vong trong tong hop cic hop chat hitu co mach vong.

Vi du 1: Qua trinh tao thanh san pham thé 2-methylbutan-2-ol va san
pham tach 2-methylbut-2-ene cua su chuyén vi Wagner-Meerwein hop
chat neopentyl bromide dugc trinh bay trén so do:

CH,4 cg\v

| Ag,0 1 J®  ~CH, ®
CH3—$—CH2Br — CH3—C|—CH2 — CH3—$—CH2—CH3
-Br
CH CH CH
3 OH 3 3

OH |
— CH3_?—CH2_CH3

+ CH;
-H
> CHy—C=CH—CH,

CH,

Vi du 2: So d6 hinh thanh san pham vong su canh tir qua trinh chuyén
vi Wagner-Meerwein:

CH;_ CH; p*
—_— CH3 _C_I:I:; NCH:;
CH; -OH™ TN —

OH ®

CH,

CH,_ CHj, CH,
CH3 @ CH3 +

CH,
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Vi du 3: So d6 chuyén vi Wagner-Meerwein tao thanh san phim vong
séu canh tur hgp chat vong nam canh:

OH
— —> —
-OH~ B
H* ® -H'
S ()
o~ ~CH,0OH -OH" \_,CHz

O (@)

Vi du 4: Su thu nho hop chit vong ndm canh tao thanh san pham vong
bon canh tir qud trinh chuyén vi Wagner-Meerwein:

OH™
—
HNO, CH,OH
NH, — ® — @ —
CH, -H*

_CH2

7.1.1.2. Chuyén vi pinacol

Hop chat 1,2-diol duéi tic dung cua xiic tac acid sé& loai di mot
phan tir nuwéc, ddng thoi mot nhém alkyl di chuyen sang carbon bén
canh tao thanh hgp chat carbonyl dugc goi 1a chuyén vi pinacol:

Rl R3 ,I' Rl\" R3 Rl R]
| H* NI ~Ry ® | -t
R,—C— ? Ry —> R2—$ (% R, —» R,—C—C—R; — > R,—C—C—R;
-OH™
OH OH OH OH R, O Ry
Pinacolone

Vidu 1: Sy hinh thanh pinacolone tir pinacol (2,3-dimethylbutane-2,3-
diol) trong moi truong sulfuric acid duge Wilhelm Rudolph Fittig mo
ta lan dau tién vao nam 1860, dugc trinh bay trén so do:

196



?H:S C|:H3 {'C-I:I;‘,CH:; CH3

H+ N NCH3 |
CH3—$—C—CH3 — CH3—(|:—‘<%—CH3 — CH3—$—?—CH3
-OH
OH OH OH OH CH,

CH,4

-u*t |
O CH,

Pinacolone

Trong chuyén vi pinacol, nhém -OH duoc tich ra phai hinh thanh
carbocation lién két v4i nhiéu nhém thé c6 tic dung 6n dinh nhat. Kha
nang tac dung on dinh cta cdc nhém thé dugc sap xép theo thir ty ting
dan: H < alkyl < aryl. Trong d96, tac dung 6n dinh carbocation c6 hai
nhém alkyl 16n hon mét aryl va mot hydrogen nhung lai yéu hon mot
nhém alkyl va mot nhém aryl. Va nhém -OH dé dang tich ra nhat trong
truong hop nhém -OH gin vao carbon ¢6 chtra hai nhém aryl.

Ngoai ra, chuyén vi ban pinacol xay ra dbi v6i cdc hop chét o,p-
1odine alcohol véi xuic tdc mercury (II) oxide (HgO) va hop chét a,p-
amino alcohol véi xuc tac nitrous acid (HNO»).

Phan tng chuyén vi ctia hop chat a,p-amino alcohol véi xiic tac
nitrous acid (HNO) dugc Tiffeneau-Demjanov m¢ rong ddi voi cde
hop chat hitu co mach vong va hop chat di vong dé tao thanh san pham
ndi rong vong. Hi¢u suat dat dugc cua chuyén vi Tiffeneau cao hon
chuyén vi Demjanov khi thuc hién céc phan g trong ciing diéu kién.

Vi du 2: Sy hinh thanh san pham vong cycloketone duoc mé rong tir
hgp chat 1-aminomethylcycloalkanol véi nitrous acid:

OH
(X =2 O
—> O
NH,

Vi du 3: Sy hinh thanh san pham mé rong vong ciia hgp chét di vong
trong nitrous acid:

o)
[ CH,NH, HNO,
NCH; >< — NCH,4
L OH
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7.1.1.3. Chuyén vi Favorskii

Hop chit a-haloketone dudi tic dung cua base manh hinh thanh
san pham ester hoac cac dan xuat cua carboxylic acid tuong irng dugc
goi la chuyén vi Favorskii, dugc mo ta ¢ so do:

X 0O o o 0
Ricl RO” Ri@ I ~Ry R I RO Rl
/C—C—R3 —X_> /C—C:—R3; —> /(lj—% — /(Ii—C—OR
R, - R, N R, R,
\_/ R; R;

Céc base str dung trong phan tng chuyén vi nay thuong 1 sodium
alkoxide, ngoai ra sir dung c4 sodium amide hoac sodium hydroxide.
Trong céc truong hop ndy, san pham thu dugc 12 amide hodc carboxylic
acid tuong Ung.

Vi du: Su chuyén héa 1-chloro-1,1-diphenylacetone trong sodium
ethoxide ¢ nhi¢t d6 phong hinh thanh ethyl 2,2-diphenylpropionate,
dugc minh hoa trén so do phan rng:

e | N

615\ C2H5ONa C6H5

SC—C—CH; ———» C— C—O0C,H;
C6H5 N(:H:; C6H5/

Ngoai ra, sy chuyén vi Favorskii dac biét duoc str dung dé thu hep
céc hop chat ketone vong. Phan trng nay dugc dung hi¢u qua trong linh
vuc cac hop chat terpene va steroid:

0
H;C
3 Br H,c COOCH,

CH3ONa H3C

CH,C00
CH,C00

7.1.1.4. Chuyén vi benzylic

Su chuyén héa 1,2-diketone trong mdi truong base hinh thanh
a-hidroxy acid dugc goi la chuyén vi benzylic:
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-=x

(l, Arz‘l Ar2

OH_ i__:l ~ Arz
Ar—C—C—Ar, —» Ar—C—C—OH — Ar—C—C—OH
Il I To o
O O O O 0~ 0
Arq, Ar, = aryl
AI'Z Arz
~H | o +
— Ar1—$—ﬁ—0 — Arl—(ll—ﬁ—OH
OH O OH O

Su chuyén vi benzylic dugc thyc hién lan dau tién bai Justus von
Liebig vao nam 1838 khi Ari = Arz = C¢Hs, dugc mo ta ¢ so do:

. S

{ CGHS‘: CeHs
OH~ S ~CeHs
CiHH—C—C—CH:; —» CH:—C—C—OH —» CH;—C—C—OH
¢Hs 6Hs 6Hs 6t
Il I le ol
O O O o~ 0
CeHs CeHs
~H I o HY I
—> Gl (—C—0" —= C;—(—C—OH
OH O OH O

Su chuyén vi benzylic thuong xay ra d6i voi cdc hop chat 1,2-
diketone thom, ban thom, béo va di vong.

Trong chuyén vi benzylic, nhém aryl di chuyén dé dang hon nhém
alkyl va nhom aryl lién két véi nhom hut dién tir s€ di chuyén nhanh
nhat.

Vi du: So d6 sy chuyén vi benzylic hop chat hexane-3,4-dione-
1,6-dioic acid trong moi truong base hinh thanh citric acid:

:"CH,COOH’
OH™ el -~ ~CH,COOH
HOOCCH,—C—C—CH,CO0H  —» HOOCCH,—¢—C—OH —
be
CH,COOH CH,COOH CH,COOH
HOOCCH,—C—C—OH —> HOOCCHz—?—ﬁ—OQ s HooccH,—C—c—oH
|
0®0 OH O i &
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7.1.1.5. Chuyén vi Wolff

Su chuyén hoa a-diazocarbonyl thanh ketene duéi tic dung cua
nhiét phin, quang phan hodc xic tic kim loai chuyén tiép, silver (I)
oxide, hop chét silver (I) khéc. Sau do ketene tac dung v6i céc tic nhan
nucleophile nhu nude hodc alcohol thu dugc acid hoac ester, ethylene
thu duoc ketone vong, ammonia hodc amine thu dugc amide goi la
chuyén vi Wolff:

I
H,0
2 HO—C\I/Rz
Ry
0
R'OH |
— R'O—C\l/Rz
R, . R, N R,
2 ANCR,  %hv/Ag(D) )
©
O)w/ > 0)\(( —_— o:c:<
N=N ON=N R
® © Ketene :
a-diazocarbonyl o R,
CH,=CH, —R,
—
O
NH;
——— H,N—C.__R,

e

R,
O

'éYRz
R

1

R'NH,

———» R'NH—

Vi su hinh thanh a-diazocarbonyl tir carboxylic acid:

R,

SOCl, R,CH=N=N R,
R,COOH —» R,COCl ——— O

N,

Vi du: Su hinh thanh phenylacetic acid va phenylacetamide khi
lan lugt xr 1y diazoacetophenone véi silver (I) oxide va nudc;
diazoacetophenone vai silver (I) oxide va ammonia:
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ABO OH
0 —
H,0 0
@ Phenylacetic acid
NH
N2 Ag20 :
L
NH; 0

Phenylacetamide

7.1.2. Chuyén vi dén nguyén tir nitrogen
7.1.2.1. Chuyén vi Hoffmann

Duéi tac dung ctia hypohalite dugc tao ra tur phan irng cua halogen
voi1 hydroxide kim loai kiém da chuyén héa amide thanh isocyanate
trung gian. Hop chat nay tiép tuc bi thuy phan (hodc con phan hay amine
phan) dé tao thanh amine bac mot c6 s6 nguyén tir carbon giam di mot
so voi amide tuwong tng duoc goi 12 chuyén vi Hoffmann:

X0~ ©
RCONH, ——» RCONHX — RCONX -=—»

H,O0
RC=NX —» RN=C=0 —» RNHCOOH —» RNH, + CO,

(l)@ isocyanate

Vi du 1: Sy hinh thanh anthranilic acid tir phthalimide duéi tic dung
cua sodium hypochlorite:

COONa
NaOCl
NH —>
NH,
Vi du 2: Duéi tic dung cua sodium hypobromite dugc tao ra tir phan

mg cta Bry voi sodium hydroxide, nicotinamide chuyén héa thanh
3-aminopyridine ¢ nhi¢t do 70°C:

N oML Br,/NaOH NV
| —oc |
= 70°C =
N N
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Vi du 3: Su chuyén héa succinic diamide thanh dihydrouracil trong
sodium hypochlorite, sau d6 hop chat nay tiép tuc thuy phan thanh
B-alanine trong sodium hydroxide du:

CH,—CONH, NaOCl NH NaO
| NaOH NH,CH,CH,COONa
CHZ_CONHZ N

H

7.1.2.2. Chuyén vi Curtius

Chuyén vi Curtius 12 sy phan hily nhiét acyl azide dé hinh thanh
isocyanate v&i sy loai bo khi nitrogen. Sau do, isocyanate tac dung voi
cac tac nhan nucleophile nhu nudc thu dugc amine, alcohol thu duoc
carbamate, amine hinh thanh dan xuét cua urea:

R'OH _NH___OR
S — RT
/N (@)
0] ® 7 {© N H,0
A s e
R N -N, (0] ,
R'NHZ /NH NHR
O R
Acyl azide Isocyanate 0
Vi su hinh thanh acyl azide tur carboxylic acid:
SOClz NaN3
— RCOCI -
(CH;3)3SiN;
(C4H50),PON
RCOOH om0 » RCON;
Nty o,
L~ “» RCONHNH,

Vi du 1: Oseltamivir vé6i tén thurong mai Tamiflu, mot loai thude khdng
virus duoc sir dung dé diéu tri va ngan ngira cim A, B. Trong quy trinh
tong hop thudc ndy, chuyén vi Curtius 12 mot trong nhitng budc quan
trong thuc hién qud trinh chuyén héa acyl azide thanh amide:
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CH;COOH ,/( r(
’IO//// WwCOOC,H; (CH3—CO)6 Ob\\\\coocsz - O’D/COOC2H5
N3 3 2
CH;COHN CH,COHN

0 No, 0, NH,

no2
[11117%}

Z
Zin

(-)-Oseltamivir

Vi du 2: Quy trinh tong hop hop chit A véi chuyén vi Curtius duoc
minh hoa trén so do:

C4HsCH,0CH, C¢H;CH,0CH,
H H
NaN3 CH3OCH2CH20CH3
CH;0CH,CH,0CH; 80-85°C
e’ COCL 7 5ps0c cl” "CONs
C4H;CH,0CH, C¢H5CH,OCH, C¢HsCH,OCH,
H H H
H,0
A —
o/ TN=C=0 no’ NH, 0

7.1.2.3. Chuyén vi Schmidt

Sy hinh thanh amide hodac amine tuong Urng v&i sy loai bo khi
nitrogen khi hydrogen azide tdc dung v&i nhém carbonyl cua aldehyde,
ketone hoic carboxylic acid trong méi trudng acid duoc goi 1a chuyén
vi Schmidt:

®
RCOOH o N=N / RNH,
H* \
RCOR RCONHR'

Véi co ché chuyén vi Schmidt:
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R—C—OH — R—C=0 —» 1 R—C—N >
I -OH~ A WANE_ | -N=N
O =
H
@ H,0 l® gt
R—N=C=0 —» R—N—C=0 ——> RNH,
| 1 -co;
H H OH

Vi du 1: Sy hinh thanh benzanilide khi thyc hi¢én phan Gng giira
benzophenone v4i hydrogen azide trong moi truong acid:

0]
HN, CONH
-
H
Pham vi cua su chuyén vi Schmidt da dugc mé rong véi céc alkyl

azide RN3. Sy m¢ rdng nay lan dau tién duoc bdo cdo boi J.H. Boyer
vao nam 1955.

Vi du 2: Sy hinh thanh san pham ctia phan uUng giia
m-nitrobenzaldehyde véi B-azidoethanol trong moi trudong acid & nhiét
do 80-100°C:

CHO CONHCH,CH,0OH
HOCH,CH,N;
—_—
H,S0,, 80-100°C
NO, ¢ NO,

7.1.2.4. Chuyén vi Beckmann

Chuyén vi Beckmann la sy chuyén hoéa oxime (aldoxime,
ketoxime) hodc nitrone vdi xuc tac acid tao thanh amide:

RCH=NOH RCONH,
R,R,C=NOH xue ta°<:> R,CONHR,
R]RzC:NOR3 R2CONR3R1
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Bén canh xic tic phd bién dugc ding 12 acid thi cdc hop chit tosyl
chloride, thionyl chloride, phosphorus pentachloride, phosphorus
pentoxide, triethylamine, sodium hydroxide, trimethylsilyl iodide ciling
duoc st dung 1am chét xic tdc trong chuyén vi Beckmann.

Co ché chuyén vi Beckmann:

R, + R ® ~R, R H,0
\ H Ny \' 1 \ p—
C=NOH —= . Jc=N —»= C=N_ —>
R; -OH R, ® R,
R, + R R,
\ -H 2 . AN
—> = S e —NH
®/ =N HOT 7\
R R R
/ \ ! 1 1

Vi du 1: Sy hinh thanh caprolactam, nguyén li¢u dugc st dung dé san
xuat nylon 6 tir cyclohexanone thong qua oxime:

0) NOH e}
— —

Vi du 2: Quy trinh tong hgp paracetamol trong cong nghiép dugc phat
trién boi Hoechst-Celanese voi sy tham gia ctia chuyén vi Beckmann:

(CH3CO)2O NHZOH CF3COOH/SOC12
Amberlyst 15

NHCOCH
HONZ ~c }

Chuyén vi Beckmann ¢ ¥ nghia quan trong trong linh vuc héa
hoc hgp chat steroid, dac bi¢t trong su hinh thanh nguyén li¢u cho tong
hop cac azasteroid:
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CH,C00

—NOH

TsCl
yrldme

CH,C00

0
CH;CONHC-H,S0,Cl NH
pyridine
HO
NH,

Trong mot s trudng hop, chuyén vi Beckmann khong thu duoc
sdn pham amide ma hinh thanh nitrile:

Xuc tac
Q—CH=N0H — ©—CN
xuc tac
@—CH—CH—CH—NOH — Q—CH=CH—CN

7.1.3. Chuyén vi dén nguyén tir oxygen
7.1.3.1. Chuyén vi Baeyer-Villiger

Su chuyén héa ketone mach h¢ thanh ester mach hé hoac ketone
vong thanh lactone st dung peroxy acid hodc peroxide lam chat oxi hoa
dugc goi la chuyén vi Baeyer-Villiger:

peroxy acid
peroxide

Q 0
peroxy acid
Py el (N
peroxide ’
n n

V6i co ché chuyén vi Baeyer-Villiger:

Ri ROOH Ri -RO™ Rl\“‘\@ ~R, ® -H"
=0 —>  JC—00R —» *...;C—0" —» R,—C—OR; —» R,—C—OR,
Ry RS | | l
OH OH
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Chuyén Vi Baeyer-Villiger cho hi¢u suat kha quan d6i voi ketone
mach ho khi t6i thiéu c6 nhém R 13 alkyl bac hai. Su chuyen vi cang
dé xay ra khi cang c6 nhiéu carbon c¢6 su phin nhdnh lién két truc tiép
vOi carbon cua -CO-.

Chuyén vi Baeyer-Villiger cho hiéu suét tot va tinh chon loc cao
nén & quy md cong nghiép da s dung chuyén vi nay dé di€u ché céc
hop chat thién nhién.

Vidu: Su chuyén héa hop chit steroid dehydroepiandrosterone
thanh hop chat chong ung thu testololactone bang cach su dung
chuyén vi Baeyer-Villiger do nam Baeyer-Villiger monooxygenases

gay ra:

0]
Baeyer-Villiger
monooxygenases
HO

7.1.3.2. Chuyén vi hydrogen peroxide

Duéi tac dung cua xtc tac acid, hgp chat hydrogen peroxide cua
alcohol bac ba trong phén tir ¢6 t6i thi€u mot nhém aryl (-Ar) s€ chuyén
vi thanh O-aryl ciia hemiacetal, sau d6 hinh thanh ketone va phenol:

R
Ar Ar ‘. OH IN
R H+ Rll\l Yo R (® H,0 Ri| gt _C=0
C—OOH —>» / —0 —> /C OAr —» /C OAr —> Ry
Ry -OH™ R; Rj R;
ArOH

Vi du: So d6 tong hop phenol va acetone tir benzene, propene voi
su tham gia ctia chuyén vi hydrogen peroxide:

CH,
HcL s CH é OOH
CH, 3 Ce¢HsOH
CH;CH=CH, 0, H*
— > > — CH;
AICI, Ne—0
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7.2. Chuyén vi 1,2 electrophile
7.2.1. Chuyén vi Stevens

Su chuyén h6a mudi ammonium bac bon va muodi sulfonium thanh
amine va sulfide tuong ing dudi tdc dung cua xuic tadc base manh duoc
goi la chuyén vi Stevens, dugc mo ta & so do:

base |l® © ~R, |
Rz_lf_(le_R4 —r RZ_II\I_(IJ_K‘ — Rz_ITI_$_R4
_H
R; Rs R; R R; Rs
R
® 1
® base ® O ~Ry |
Rl_?_(le_R4 _+> RI_?_$_R4 —_— Rz_s_$_R4
-H
R, R3 R, Rj R;

Vi du: Qud trinh chuyén vi Stevens san phim mudi ammonium
dugc tao ra tir phan ung gitta 1-phenyl-2-(N,N-dimethylamino)ethanone
véi benzyl bromide trong xuc tic sodium hydroxide s& hinh thanh amine
bac ba, dugc minh hoa & trén so d6 phan tng:

CH,C¢H; CH;
C¢HsCH,Br |® NaOH
CgHsCOCH,—N—CH; ————— C¢HsCOCH,—N—CH; — C4HsCOCH—N—CH,
éH3 éH3 CH,CgHs

Su chuyén vi Stevens con dugc st dung dé mé rong va thu hep

vong cua cc hop chit hitu co mach vong:

CoO =0
N — N

@/ b_aS>e |
| N\ CH;

CeHs

{2

o

Z
/\
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7.2.2. Chuyén vi Sommelet-Hauser

Chuyén vi Sommelet-Hauser 13 sy chuyén héa mudi benzyl
ammonium bac bdn thanh hop chat thom N,N-dialkylbenzylamine c6
mot nhém alkyl méi & vi tri ortho- dudi tdc dung ctia xuic tdc sodium
amide hodc amide kim loai kiém khéc, duge mé ta & so do:

CH,R | ©
CL, L
_— —_—
CH2/| 2 _N—R, = N@—R -
CH | CHs 2
R3 [S] R, 2

R, R,
/R2 | R2

U CIH—N\ cH—NZ
s ol
CH, CHjy
Vi du: Sy hinh thanh o-methyl cua N,N-dimethylbenzylamine tir

su chuyén vi Sommelet-Hauser mudi benzyltrimethylammonium trong
sodium amide, duoc thé hién & so do:

~
CH, gH l

CH; )
O\ l® NaNH, ?53 CH,
CH/N_CH3 N—CH; =-—» |® —
7 CH/ITI—CH3
2
3 CH,
H
cH,—NZ N -
_» 3
CH,

7.2.3. Chuyén vi Wittig

Su chuyén héa ether thanh alcohol dudi tac dung cua alkyllithium
hay aryllithium dugc goi 1a chuyén vi Wittig:

H ® R; R;
| R,Li o) ~ R4 T o H I
R—C—0—R; =& R—C—0—R, o R—(—0" —= R—C—oH
R, R, R, R,
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Vi du: Sy hinh thanh 1-phenylethanol do chuyén vi Wittig benzyl
methyl ether trong phenyllithium:

H ® CH; + CH;

l C¢HsLi O ~ CHj; | "o H |
C6H5—$—O—CH3 — C(,H5—$—O—CH3 — C6H5—$—O — C(,H5—$—OH

H H H H

thi R> 1a nhom hut electron nhu nhém cyanide (-CN) thi su
chuyén vi Wittig xdy ra s€ hinh thanh ketone tuong ing:

H

I R;Li
Rl—(lj_O_Rz — R1_$=O

CN R,

7.3. Chuyén vi 1,2 dong ly
7.3.1. Chuyén vi aryl 1,2

Khi c6 xtc tac peroxide lam chit khoi mao thi nhom aryl (-Ar) sé&
chuyén vi tor nguyén tur carbon dén nguyén tir carbon bén canh voi
hudng chuyén vi tao ra goc tu do trung gian bén virng:

ROOR —» RO’

Ar . Ar :”Ar“'.
| RO | . -Co “J.A.  ~Ar .
R1—$—CH2—CHO — R1—$—CH2—CO — R1—$—CH2 — R]—(lj—CHz—Ar
R, R, R, R,
X
Ar

|
-X R1—$—CH2—CHO -X

R,
pooo
R—C—CH;  R—C—CHy—Ar
R, R,

Vi du: Qua trinh chuyén vi ctia hop chit 3-methyl-3-phenylbutanal
véi tac dung cua di-fert-butyl peroxide:
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(CH3);COOC(CH;); — (CH;);CO°

CeHs . CeHs
| (CH3);CO | . -CO
CH;—C—CH,—CHO ——— » CH;—C—CH,—CO —»
o o
ST X
C6H5) ~ CgHs .
CH;—C—CH, — CH;—C—CH,—C¢H;
l, e,
CeHs
-X CH3—(|:—CH2—CH0 -X
i,
CeHs i
CH3—%—CH3 CH3—(|3—CH2—C6H5
CH, CH;

7.3.2. Chuyén vi halogen 1,2

Chlorine héa 2-bromopropane véi xtc tac fert-butyl hypochlorite
s& tao thanh hdn hop san pham gdm 2-bromo-2-chloropropane (60%)
va  l-bromo-2-chloropropane (15%), trong d6 1-bromo-2-
chloropropane (15%) dugc hinh thanh tir su chuyén vi halogen 1,2:

CH, CH,
CH3—é—o—c1 — CH3—(|1—0' + Cr

e, i,

cl

. cr |
CH3_(|:_CH3 —> CH3_(|:_CH3

Br Br
CH 3—(|3H—CH ; 2-bromo-2-chloropropane

Br . ~Br . cl
CH3—(|?H—CH2 — CH3—CH—CH2—Br—>CH3—C|H—CH2—Br

Br Cl
1-bromo-2-chloropropane
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Huéng tao san pham chinh cua chuyén vi halogen 1,2 1a hinh
thanh goc tu do trung gian bén ving hon nén san pham 2-bromo-2-
chloropropane chiém ty 1¢ cao hon 1-bromo-2-chloropropane.

7.4. Chuyén vi tir nguyén tir oxygen vao vong thom
7.4.1. Chuyén vi Claisen

Chuyén vi Claisen hinh thanh lién két giita carbon va carbon, dugc
tim ra boi Rainer Ludwig Claisen. Khi dun néng allyl phenyl ether s
thu duoc o-allyl phenol:

O/W 0 N OH
tO
—> —>

Khi trong phan tu allyl phenyl ether c6 cdc nhém thé hiit electron
& vi tri meta- thi sy chuyén vi Claisen uu tién hinh thanh san pham
chuyén vi 13 ortho- con nhém thé day electron & vi tri meta- thi san
phém para- s€ chiém wu thé. Ngoai ra, voi sy ton tai cua nhom thé & vi
tri ortho- trong phan tir allyl phenyl ether, khi dun néng chii yéu hinh
thanh san pham para-:

O/W OH

7.4.2. Chuyén vi Fries

Su chuyén héa ester ctia phenol thanh hydroxyl aryl ketone khi
nhém acyl chuyén vi vio céc vi tri ortho- va para- ctia nhan thom dudi
tac dung cua xtc tac Lewis acid nhu AIClz, ZnCl,, FeCls,... dugc goi la
chuyén vi Fries:
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. @A|1\® OH
.o.—\‘ 1 \O: Cl COR
” Cl ” @l
_C AlCh 2L Al o
‘/‘R \ ©
COR

Vi qdu: Duéi tac dung cua )51’10 tac AICls, phenyl acetate thuc hién
su chuyén vi Fries hinh thanh hon hgp o-hydroxyacetophenone (16%)
va p-hydroxyacetophenone (74%):

COCH,

Su chuyén vi Fries s& hinh thanh hdn hop hai san pham dong
phan, trong do néu ¢ nhiét do cao thi san phém ortho- s& chiém uu thé
con & nhiét do thap thi vu tién sy hinh thanh san pham para-. Sy tao
thanh san pham ortho- chiém ty 18 cao trong dung mdi khong phén cuc
va khi d6 phan cuc ciia dung mai tang 1én thi ty 1¢ san pham para-
cling tang l1én:

OH OOCCH; OH
CH,CO
AICI; AICI;
°C 165°C
25
CH, CH, CH,
COCH,

Khi trong phén tir phenolic ester di c6 nhom thé & vi tri para- thi
su chuyén vi Fries s€ hinh thanh san pham ortho-:
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OOCCH, OH
COCH,

AICI,
CH; CH,4
7.5. Chuyén vi tir nguyén tir nitrogen vio vong thom
7.5.1. Chuyén vi nhém alkyl

Khi dun néng mudi halogen cia aryl alkyl amine thi nhém alkyl
s€ chuyén vi dén vi tri ortho- hodc para- cia nhan thom:

NHR NH,

RO R R g R R R
N NX© NHR

—_— —>

R

Vi du: Dun nong N,N-dimethylaniline hydrochloride va N-
methylaniline hydrochloride s€ hinh thanh cac san pham tuong (mg clia
chuyén vi nhom methyl, dugc thé hién & so do:

NHCH;,4 NH,

H
NHCH; ~CINHCH,

HCl o HCI 0

© @ e O=0F b

CH,4 CHj

H; CH;

7.5.2. Chuyén vi nguyén tir halogen

Sy chuyén vi nguyén tir halogen tir nguyén tr nitrogen vao nhan
thom con dugc goi 1a chuyén vi Orton. Duéi tac dung ctia hydrochloric
acid, nguyén tir halogen trong phan tir N-haloacetanilide thuc hién su
di chuyén tir nguyén tur nitrogen vao vi tri ortho- va para- cua nhan
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thom tao thanh hdn hop hai san phidm déng phan, trong d6 san phim
para- chiém uu thé. Sy chuyén vi Orton rat hiém khi xay ra doi voi hop
chat N-iodoacetanilide:

(|3H3 NHCOCH;
O0=C X
N
N—X
HCI

—> NHCOCH;

X = halogen
X

Vi du: Sy hinh thanh hdén hop o-chloroacetanilide va p-
chloroacetanilide khi dun N-chloroacetanilide vé1 hydrochloric acid:

(|3H3 NHCOCH,
0=C_
N—Cl
HCI
— NHCOCH,
Cl

Vi so d6 chuyén vi Orton:

NHCOCH
CH,4 CHj ’
| I cl
O=C\ O_C\@ Cl
N—Cl1 H—N—CI NHCOCH;4
HCI _cl, cl,
— — — NHCOCH;
Cl
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7.5.3. Chuyén vi nhém arylazo

Su chuyén hda diazoaminobenzene tao thanh p-aminoazobenzene
la phan Ung ti€u biéu cua chuyén vi nhém arylazo:

PO O

(HC
| C4HNH, + HCI

NH,

Vi1 so d6 chuyén vi nhom arylazo:

®
' 2O
S
—_—
+

H NH
2
> NH,

N=NNH©

Khi trén nhan thom cua diazoaminobenzene da c6 nhom thé & vi
tri para- thi nhom arylaro s€ chuyén vi dén vi tri ortho-:

N=NNH©—CH3 NH,
yon

(HCI _
l CH3ONH2 +HCI

7.5.4. Chuyén vi nhém nitroso

Su chuyén vi nhém nitroso tir nguyén tir nitrogen vao nhan thom
con duoc goi 1a chuyén vi Fischer-Hepp. Duéi tac dung cua
hydrochloric acid, nhém nitroso thuc hién sy di chuyén tir nguyén tir
nitrogen vao vi tri ortho- va para- ciia nhan thom tao thanh hon hop hai
san pham dong phén, trong d6 san phim para- chiém wu thé, dugc mod
ta & so do:
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NH—R
R NO NO

HCl

NO

Véi so dd chuyén vi Fischer-Hepp:

NH—R
NO
R NO R
~N NNH
®
H* NO
- — NH—R
-NO
NO

Vi du: Hon hop o-nitroso-N-methylaniline va p-nitroso-N-
methylaniline dugc hinh thanh khi dun N-methyl-N-nitrosoaniline voi
hydrochloric acid, dugc thé hién & so do:

NH—CH,
NO
CH3\N _No
HCI
— NH—CHj
NO

217



7.5.5. Chuyén vi benzidine

Dudi tac dung cua acid manh, hydrazobenzene xay ra su chuyén
vi lam dut gay lién két N-N va hinh thanh lién két C-C, tao ra benzidine
(chiém khoang 70%):

O = OO

Trong phan tng chuyén vi ctia hydrazobenzene voi xuc tac acid
manh, ngoai benzidine 13 san pham hinh thanh cua sy t6 hop para-para
thi con thu du’oc san pham cua sy to ‘hop ortho-para (chiém khoang
30%) va lugng rat nhé céc san pham to hop khéc:

NH, NH, NH,

Ol Oy

Khi thay hydrogen & vi tri para- cia hydrazobenzene bang deuteri
(D) thi téc d6 phan ng hau nhu khong thay do6i va co ché chuyén vi
benzidine duoc dé xuat:

H* ® O
D NH—NH D — D NH,—NH, D

-D ® p ®
H2N NH2 - H2N NHZ
D
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NOI DUNG ON TAP

7.1. Xac dinh san pham thé va san pham tich ctia cdc phan tng.

CH,4 CHj
| H,0 | HCI
a. CH;—C—CH—CH; —» b. CH;—C—CH,0H —»
I Ag0 I
CH;Cl CH,

H,0 H,0
CH,Br &2 HNO,

7.2. Giai thich su hinh thanh san pham ciia c4c phan tng.

a. Hop chat 3-methylbut-1-ene tdc dung v6i hydrochloric acid thu
duge mot hdn hop gdm hai san pham, trong d6 san pham A 1a
2-chloro-3-methylbutane va san pham B 1a 2-chloro-2-
methylbutane.

b. Hop chit but-3-en-2-ol tac dung voi hydrobromic acid tao hdn
hop hai san pham, trong d6 san pham C la 3-bromobut-1-ene
va san pham D la 1-bromobut-2-ene.

c. Hop chét 3-phenylbut-1-ene trong sulfuric acid lodng khong
thé thu dugc san phdm 3-phenylbutan-2-ol ma thu dugc
2-phenylbutan-2-ol.

d. Hop chit vinylcyclobutane trong sulfuric acid lodng.

7.3. Hinh thanh san phdm ctia sy chuyén héa.

HBr
CH; >
(lj_CH3
O HZSO4>

7.4. Tir o-pinene, héa chit vo co can thiét ciing diéu kién phan Gng day
du, xdy dung quy trinh tong hop camphene, mot trong nhing
monoterpene phd bién dugc st dung dé tao hwong vi trong san
xudt nude hoa va phu gia thuc pham.
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7.5. Xac dinh san pham cia céc phan tng.

CH, CeHs
OH HCIO, OH  H,S0,
a. — b. —
OH OH
CH |
’ CeHs
OH OH OH
H,S0, o H,S0,
C. —_— d CéHs_C_$_C6H5 —
CH;CH,
OH

7.6. Du doan va giai thich su hinh thanh san pham cta phan ung.

CH,4
H,SO4
CHy; —>»
OHOH

7.7. Gidi thich qud trinh chuyén vi Beckmann cta cyclohexanone
oxime voi xuc tic sulfuric acid.

7.8. Xéc dinh cong thiic céu tao thu gon cua cac hgp chat A, B va C
trong so d6 chuyén héa.

NaCN HNO; 1. NaOH, t°
C6H5CHO —_— A (C14H1202) _— B —_— C
CH;COOH 2. H,O/H"

7.9. Xéc dinh su chuyén vi va san pham hinh thanh trong céc phan tGng.

0
CH
1. NH,OH [ NaOBr
a. e b CH3_C_CH2CONH2 —
2. H,0/H* |
CH,
¢
0 OH-
C. —_— d. CGHS_C_C_C6H5 —

7.10. Hoan thanh so dd chuyén hoa véi hop chét tir X dén T duoc biéu
dién dudi dang cong thurc cau tao thu gon.
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OH OH

COOH
(CH5C0),0 AlCl4 COOH Br, (CH;3);CNH,  LiAlH,
—_— X — —» Y ——» 7 —» T
H,0/H"
COCH;4
Huwong dan:

- St dung phan mém ISIS Draw hoic ChemDraw dé vé& cong
thirc cau tao cac hop chat héa hoc & ndi dung 6n tap 7.1 dén
7.10.

- Tham khao tai liéu 1 dé thuc hién ndi dung 6n tap 7.1 dén 7.6
va7.9.

- Goi y: Cong thiic cAu tao thu gon cua A (7.8) va Z (7.10).

7.8 7.10
A Z
(If—(leAO (CH3)3CNHCH2CO—Q—OH
O OH
COOH
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