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TEN CHUYEN PE
CHUYEN PE 13: HQP CHAT CARBONYL (ALDEHYDE - KETONE) - CARBOXYLIC ACID
Phan I: HE THONG LY THUYET CO BAN VA NANG CAO
I. Khai niém
“c=0

- Hop chit carbonyl : 1 cac hop chét hitu co trong phén tir c6 chita nhém chirc carbonyl (7 ).
- Aldehyde Ia hop chét hitu co ¢6 nhém -CHO lién két véi nguyén tir carbon (trong gdc hydrocarbon hozc
-CHO) hoac nguyén tu hydrogen.

Cong thirc tong quat:
+ No, don chirc, mach hé: CnHzn+1 CHO hay CmH2mO ().
+ Pon chire: R-CHO (R 1a gbc hidrocacbon hodc nguyén tir H).
+ No, da chirc, mach hé CaHzn+2-m(CHO)m (néu n=0 thi m=2).
+ Pa chire: CnHzn+2-m-2k(CHO)m.

N

- Ketone 1a hop chét hitu co c6 nhém ~ ) lién két voi 2 goc hydrocarbon.
Carboxylic acid (acid htru co) 1a nhitng hgp chat hitu co ¢6 chira nhdm carboxyl (—~COOH).
Cong thtc chung: R- COOH (R- C- O- H)

O day R ¢6 thé la H, gbc hydrocarbon gliphatic (no, chura no) hay géc aryl (Ar). Vi thé cé thé coi carboxylic
acid la dan xuat cua hydrocarbon do thé nguyén tir hydrogen bang nhom carboxyl.

I1. CAu tao
Aldehyde, Ketone: Lién két d6i C=0 phén cuc vé phia nguyén tir oxygen.
Céu tao acid_CAu tao ciia nhdm carboxyl trong phan tir carboxylic dugc biéu dién nhu sau:

R—C\;O
\O'-I—H

Nhom hydroxyl gén truc tiép véi nhém carbonyl, chiu anh huéng cam tng clia nhom carbonyl, dong thoi doi
dien tir khong phan chia cua oxygen ¢ nhom hydroxyl lién hop voi lién két  caa nhém carbonyl. Ca hai hi¢u
ung nay deu co tac dung lam lien két O—H phan cuc vé phia oxygen nén proton phén ly dé dang hon
le O
R—CZ — = R—CZ _ + H
OH o

Do vay tinh acid cua acjd hitu co manh honalcoholrat nhiéu. Hon nira, khi proton phan ly ion carboxylat tao
théBh C(')I_Céu tao can doi. Vi vay ion nay bén, on dinh hon. D6 1a nguyén nhan lam tang tinh acid cua acid
carboxylic

-0
R—CQO
II1. Pong phan
- Pdng phan mach C.
- Bong phan nhém chie: vi du chic aldehyde, chic ketone. ..
- Pdng phan vi tri: vi tri nhém chuec...
IV. Tinh chat vat ly

&
R_C\
- \-O
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- Céc aldehyde, ketone c6 nhiét do so6i cao hon hydrocarbon do ching la cac hop chat phén cuc. Nhung
nhiét d6 sdi cua chdng thap hon cac alcohol twong tng do khong c6 kha ning tao lién két hydrogen lién
phan ti nhu alcohol.
- Céc aldehyde, ketone nho tan rat tét do c6 kha ning tao lién két hydrogen véi nudc. Khi mach C ting 1én
thi d6 tan vao nudc giam do tinh ki nude tang, ngugc lai kha nang tan vao cac dung méi hiru co khéng phan
Cuc tang.

- Formaldehyde (ts= -19°C) va acetaldehyde (t:=21°C) la nhiing chat khi khéng mau, mui xdc, tan rat tot
trong nudc va trong cac dung méi hitu co. - Dung dich cia HCHO véi nudc ¢6 ndong d6 35-40% goi 1a
formon hay formalin. Dung dich formalin dé 1au thiy cd két taa tring 1a do HCHO tu tring hop tao thanh
polymer két tua trang, dun néng polymer nay lai bi phan huy cho ta HCHO.

- Aketone la chit 1ong dé bay hoi (ts=57°C), tan v han trong nudc va hoa tan dugc nhiéu chat hitu co
khéc.

- Mi aldehyde hoic ketone thuong cé mui riéng biét, chang han:

+ Citral (C10H160) (3,7-dimethyl-2,6-octadienal) c6 mui sa.

CH; CH;y

S
CHC
H,( I
geranial neral
(citral a) {eitral by
+ Menthone ¢ mui bac ha.
+ Aldehyde cinamic c6 mui qué, aketone c6 mui thom nhe. ..
Acid
> Ba chat dau diy dong dang la chat long, ¢6 vi chua, tan vo han trong nudce, dién li yéu trong dung
dich.
> Nhitng chét sau la chat 16ng, rdi chat rin, d6 tan giam dan. Nhiét do s6i ting dan theo n.
> Gitra céc phan tir acidciing xay ra hién twong lién hop phén tir do lién két hydrogen.
o .. H-O
E- C/ﬁ HKC -k

~o-H . oF

Do do, acidcO nhiét do séi cao hon aldehyde va ruou tiwong ing
V. Tinh chat hoa hec
Trong hop chét aldehyde, ketone nhdm carbonyl >C=0 ludn phan cuc, I trung tdm phan (ng cua cac tac
nhan, ai nhan. Mit khéac sy phan cuc ciia nhém carbonyl ¢é anh huong 16n dén géc hydrocarbon, hoat hoé
nguyén tir Ho, tao diéu kién d& dang cho phan ung thé. Aldehyde, ketone c6 thé tham gia cac phan ang sau:
- Phan ung cong hgp vao nhom carbonyl.
- Phan ung oxygen hod, khir hoa nhém carbonyl.
- Phan &ng thé & gc hydrocarbon, phan tng ngung tu aldol
A. Aldehyde- ketone
A.l. Phan wng cong nucleophin.
-TQ: >C=0 + H-Y — >CY-OH
Véi HY: HOH, HCN, H-OC2Hs, H-SO3sNa Hoic cac hop co nguyén té nhu R-MgX
Co ché phan ng A,
Co ché nay dién ra theo 2 giai doan
- Giai doan 1 cham anion tan céng vao nhém carbonyl
>C=0 + Y —-5>CY-O
- Giai doan 2 nhanh, khi d6 H* hay R* tin c6ng
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>CY-O'+ H* —»>CY-OH

>CY-O'+ R" —»>CY-OR
* Anh huéng cua cac goc R dén kha nang tham gia phan Gng An
Vi giai doan quyét dinh téc d6 phan tmg 1a giai doan anion tan cdng vao nhém carbonyl nén kha ning phan
g phu thudc vao 2 yéu té
+ dién tich duong trén nguyén tir C cua nhom >C=0
+ An ngir khdng gian xung quanh nhém carbonyl. Vi vay kha ning tham gia phan ¢ing An cua aldehyde cao
hon ketone do it bi &n ngir khéng gian.
VD: Cho R-CHO, véi R lan lugt 1a CHCI,-; CHs-; H-: C2Hs-; CH2Cl-. Hay sip xép cac chat theo thi tu ting
dan kha nang tham gia phan (ng cong nucleophin.
2. Mét sé phan ng céng nucleophin cia aldehyde va ketone.
a. Phdn ing cgng nwoc.

/OH
R-CH=O + H,O —= R-CH_
OH
Dbdi véi HCHO
/OH
CH,=O + H,O —— CH,
N
OH

Trong dung dich fomalin chtra chat tan chu yéu 1a dang hydrate khoang 99,9%

- H20 la tac nhan nucleophin yéu nén né cong vao lién kiét C=0 voi dién tich duong trén C 16n
+ Vi vay cac dong dang caa HCHO va ketone khé phan wng
VD: dung dich acetaldehyde chi chira 57% dang hydrate
+ Khi ¢6 nhém hat electron thi lam tang dién tich duong & C thi kha nang phan ung tang

_OH
CCl,-CH=0 + H,0 ——= CCl,-CH
N

OH

b. Cong alcohol — semiacetal va acetal
H* _OH
CH,-CH
N
OC,H,
semiacetal
Néu dung du alcohol ta thu duoc acetal bén trong méi truong kiém
OH
% H* OC,H
CHs-CH\ + CZHSOH CH3-CH/ 2''s5
N
OC,H; OC,H,
Acetal bén hon semiacetal
- Ketone khong phan tng vaéi cac monoalcohol nhu aldehyde song né cé phan ung véi cac thioalcohol va
ethylen glycol tao ra san pham tuong ty nhu ctia aldehyde

CH,-CH=0 + C,H,OH

CH
N HO-CH, H CHa\ _O-CH,
/C:O + e P
CH; HO-CH, CH; “O-CH,
Acetal vong
CHa . CHa /SCsz
_C=0 + C,HySH _C_
CH, CH;  "SC,H;
*Chay: - Phan tng trén c6 ¥ nghia trong phan @ng tong hop hiru co dung dé bao vé nhém chic

aldehyde va ketone, sau d6 dé thu hdi lai cac nhom chirc nay ta chi can cho tac dung véi H20 trong moi
truong acid.
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VD1: Tir CH2=CH-CHO diéu ch¢ CH2(OH)-CH(OH)-CHO

C2H50H KMnO4
CH,=CH-CHO———CH>=CH-C(OC2Hs); ——

H,O/H*
CH2(OH)-CH(OH)-C(OC2Hs), — > CH2(OH)-CH(OH)-CHO
VD2: Tir CH3COCH,.CH>COOC;Hs diéu ché CH;COCH,CH,CH,0OH

C,H,(CH), LiAIH,
CHZCOCH,CH,CO0C,H; ==———== CH,-C-CH,CH,COO0C,H; ——> CH,-C-CH,CH,CH,OH
7N 7N
6 o 6
CH,—CH, CH;—CH,

H+

CHS/'C\'CHZCHZCHZOH +H,0 —— CH,-CO-CH,CH,CH,OH

0

CH5CH,
¢. Phdn #ng céng sodium hydrogensunfit tao thanh hep chat bisulfide.
_OH
CeHs-CH=0 + NaHSO; —> C,Hg-CH_ $
SO;Na

Tao thanh cac tinh thé

Cac hop chat bisulfide khong bén, ching dé bi phan tich tao thanh aldehyde ban dau trong méi truong acid

OH

CeHs-CH” + HCl — C4H,-CH=0 + NaCl + H,0 + SO,
N

SO;Na
Déi vai ketone chi nhiing ketone ¢ dang R-CO-CHs méi ¢6 kha nang tham gia phan tng cong nay
CHa CH SO;Na

_C=0 + NaHso, Nl

CH; CHy” “OH
CHa\ 50N +NaOH (CH3).CO + NaSO; + H.0
CHy” “OH + HClI CH3-CO-CHs + NaCl + SO2 + H20

(CH3)2,CH-CO-CH(CH3)2 khong tac dung duoc vai NaHSO3
d. Phdn #ng céng hep chdt co magnesium réi thiiy phén thu dwoc alcohol bdc 3.
e. Phdn #ng céng cyanhydric acid tgo thanh cyanohydrin.

COOH
CH,-CH=O + SAk N e {
+-CH= HCN CH,-C CH,-CH_
“OH OH

Tuong ty nhu vay dbi voi cac ketone
CHa\ o  CHa. ,CN . CHx_ COOH
C=0 + HCN ——> C — C
CHy” CHy~ MOH CHy~ “OH
Vai trd cia OH- 1a nham ting cuong nong do nucleophin CN-, néu khéng c6 OH" phan tng hau nhu khong
xay ra hoic xay ra rat cham
A.2. Cac phan wng oxi hda khi.
Phan tng khir aldehyde, ketone(tinh chit oxi héa).
a. Khar thanh alcohol.
* \/6i tac nhan Hy va xuc tac Ni, t° phan ung khtr xay ra ¢ gdc hydrocarbon va nhém chc.

Ni, t°
VD: CHp=CH-CHO + 2H; — > CHa-CH,-CHOH

Ni, t0
CH>=CH- CO-CH3 + 2H, ————— CH3-CH,-CO-CH3
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- .0
TQ: CnH2n+2-2a-m(CHO)m + (a + m)H2 M, ChHone2m(CHO)m  (a=m)
VD: 0,1 mol aldehyde Y phan ng vira da véi 0,4 mol H, thu duoc hop chat X. Cho toan bo X thu duoc tac
dung véi Na thu dugc 0,1 mol Hz. Xac dinh cong thirc chung caa X, Y.
HD: X: CnhH2n-4(CHO)2 hay CnH2n-602
Y: ChH2n-4(CH20H)2 hay ChH2n+20:

* Vi xac tac LiAIH4 hay NaBH4 phan ing chi khir nhém chiec.

CH2=CH-CHO + LiAIHs — CH2=CH-CH>-OLi + AlH4

CH=CH-CH,-OLi + HCI — CH2=CH-CH,-OH + LiCl
b. Khar thanh hydrocarbon.
Dung hdn héng Zn/Hg trong dung dich HCI dic (phan wng khir Claimenxen)
Zn/Hg,HCI(d)

R>-CO-R; R:-CH2-R1 + H2O

Zn/Hg,HCI(d)
VD: CsHs-CHO > CeHsCH3 + H20

- Néu trong hop chat carbonyl chira nhiéu nhom thé kém bén trong mai trudng acid manh thi sir dung theo
so d6 sau

—Hzo C2H5ONa
+(R)2C=0 + H;N-NH; —— > (R)2C=N-NH, ————— (R)2CH2

H,N-NH, /OH™  HOCH,-CH,OH _
+ (R)2C=0 > (R)2CH;

OH~/HOCH , —CH ,OH
VD: CH3CH2-CO-CsHs +H2N-NH3 > CH3CH2CH2CgHs + N2 + H20
Phan #ng oxygen hoa aldehyde, ketone.
aldehyde c6 tinh khir, ketone rat kho bj oxygen hoa. Trong diéu kién khac nghiét ketone bi oxygen hda bé
gay mach C thanh cac acidcoé mach ngén hon.

(@)
VD: CH3CH2-CO-CH2CH2CH3 oL, CH3COOH + CH3CH2CH.COOH

(0]
Hoic L) CH3CH2COOH + CH3CH,COOH

Nhu vay khi oxygen hda co thé bé gay mot trong hai bén cua nhém CO . Vi vay ta chi xét phan tng oxygen
hoa cua aldehyde va coi nhu ketone khéng bi oxygen hoa.
a. Tac dung véioxygen(xic tdc Mn?*, t9).
2+ .0

TQ: R(CHO)m + m/2 O2 L R(COOH)m
b. aldehyde Iam mdt mau dung dich nwéc brom.
R(CHO)m + mBrz + mH0O — R(COOH)m + 2mHBr
VD: CH3CHO + Br2 + H,O — CH3COOH + 2HBr

CH2=CH-CHO + 2Br; + H20 — CH2Br-CHBr-COOH + 2HBr
Véi hop chat khéng no phan wng cong vao ca lién két boi trong gbc hydrocarbon
c. Vai dung dich KMnOea.

2RCHO + KMnO4 + H2,O — RCOOK + MnO2 + RCOOH
d. Tac dung véi phitc bac [Ag(NH3)2]* (c6 trong thudc tha Tollens).

, NH NH
- Thuéc thir Tollens: Agt ———> AgOH———> [Ag(NH3)z]OH

NH
RCHO + Ag,0 — > RCOOH + 2Ag
RCHO + 2AgNOs + 2NH3 + H2O — RCOONH4 + 2Ag + 2NHsNO3
RCHO + 2[Ag(NHs)2JOH — RCOONH, + 2Ag + 3NHs + H20

NH
TQ: R(CHO)m + MAg,0 ———> R(COOH)n + 2mAg
NH
VD: CH3CHO + 2[Ag(NH3)2]* ———> CH3COONH; + 2Ag + 3NHs + H0
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