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CHUONG

A". af "
DAN XUAT HALOGEN

Dan xudt halogen la sin phdm thé& hidro ciia hidrocacbon bing halogen X(X = F, ClI,
Br, I) -

R — X: ankyl halogenua CH,CH,CH,X

R’— X: ankenyl halogenva CH,=CHX, CH,=CHCH,X

R” — X: ankynyl halogenua CH=C-CH,X

Ar — X: aryl halogenua C H,-X

Aycloankyl halogenua: QX
Xycloankenyl halogenua @—X-

8.1. DANH PHAP
Cd hai loai danh phdp: danh phdp thong thudng diing cho nhing din xudt don gian
va danh phap [UPAC:

CH,CH,CH,CH,Br (bac 1) n—butylbromua 1 —brombutan |
CH,CHCICH, (bédc 2) isopropylclorua 2—clopropan
(CH,),CHCH,CI (bac 1) isobutylclorua 1-clo—2—metylpropan
(CH,),CICH,CH, (biac 3) fert—pentyliodua 2—jot—2—metylbutan
- CH,CH,CHFCH(CH,,), 3—ﬂu-—2—111etylpeﬁtan

C, H;—CI phenyl clorua clobenzen |
C H, Br xyclohexylbromua bromxyclohexan

tén gbéc hidrocacbon X —tén halogen +

+ tén halogenua tén hidrocacbon

Khi danh s6 mach cia halogen, can ddnh s§ mach dé& cho halogen c¢ tri 86 nhdé nhét
trong danh phap: | |
CH3—CHB1*—(;H—CHQ—-(IZH—CHE—CHF}

CH, CH,
2~ brom-3,5~dimetylheptan
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Né&u ¢d nhidu halogen cung vi trf cling dung ti€p dau ngit di—, tri—,...
Né&u c6 nhiéu halogen khac nhau thi danh s6 theo van chil cai:
CICH,-CH,~CI,—CH,Cl Br—CH,~CH-CH,—Cl

1. 4-iclobutan CH,
|- brom—3-—clo-2-metylpropan

CH,~CHBr~CH~CH,~ CH,~CH, -~ CHCl-CH~CH,

CH, - CH,
2—brom—-7-clo-38-dimetylnonan

Bac cua din xuat halogen phu thude vao bac cua cacbon dinh véi halogen:

i & A\
R~C-X  (bfe 1) R-C-X (bac 2) R-C-X  (baed)—
H R | R

8.2. PHUONG PHAP TONG HOP
8.2.1. Halogen héa tryc tiép hidrocacbon

1) Halogen héa ankan bang X, (trit F), theo cd ché& géc cho hén hgp sdn pham phu
thude vao tée do thé hidro cd bac khac nhau: Hy, 3 > Hy,so o > Hyy | theo ty 16 4,4:3,2:1
va ¢ nhiét dé cao theo ty 1& 1:1:1, dong thoi phu thude vao sé lugng hidro.

Véi din xudt flo, dung tdc nhédn gidn ti€p, thudng dung SK:

R-COOH + 8F;,—— R-CF; + 50F, + HF
R,CO + oF, > R,CF, + SOF,
2) Halogen hoa aren theo co ché Sg

axit Lewis

ArH + X, > ArX 4+ HX
X =0l Br

D61 voi dan xudt iot, thuong dung chat oxi hda d€ tranh phan dng thuan nghich khi
ding I,, nhung thudng tdng hgp tit mudi diazoni theo phén ung Sandmeyer. .

3) Halogen héa anken, ankyn

Halogen hda vao anken theo S; thudng dung digu ché€ dan xuat allyl:

400°C
CH,=CH-CH, + Cl, > CH,=CH-CH,CI + HCI

con theo AE cho dan xuat dihalogen, vao ankyn cho dan xuat tetrahalogen.

4) Halogen hda dan xuat hidrocacbon c¢ nhdm thé —1 va ~C

— Halogen hda axit theo S, cho hén hgp «, B, 7, eon khi ¢cé P chi cho dan xudt «
theo S, hay Sy

— Halogen hda dan xudt RCHO, R,CO qua Ap tao enol, khong phu thudc vao ban
chit halogen, thudng cho hén hgp mono, di, tri.. mudn c¢d dan xudt mono ding: X,,

dioxan, SOCl,, phtalimit. .
8.2.2. Cong HX vao anken

Phan dng tuan theo quy tdc Markovnikov va theo quy tac Kharash khi cé peroxit va
HBr:
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CH,CH=CH, + HBr ~— CH,-CHBr~CH,

hy
CH,CH=CH, + HBr — CH,CH,CH,Br

8.2.3. Phan ang thé OH cua ancol bing halogen

Ancol thudng trg véi halogen khi khéng cd xue tac H.
Khi ¢6 xic tdac H ancol bi proton hda thanh he¢p chit oxoni ¢6 nhém di ra H20+ deé

hon nhém OH:
R-OH + H* == R-0'H,

dé tdc dung véi HX theo co ché Syl hay S2 cho R-X. -
R-O*H, + HX - R-X + H,0 + H'

ROH bac 3 » bac 2 » bac 1 - |
HI > HBr > HCI, trong dé HC] can c¢d xuc¢ tac ZnCl;..

Phan ung thuong cd chuyén vi. |
- Cd thé dung PX,; hay PX,, thudng dung PBr, hay PBr;. Phan ing xdy ra dé dang
v8i ROH bac 1 theo co ch& Sy, khi ¢ pyridin gidm duge tinh axit thi giam dudc su

chuyén vi.

ROH + PBr.— RBr + POCIl, + HBr
PCl; véi ROH bic 1 cho ete:
3ROH + PCl, — P(OR), + 3HCI
T6t hon la dung SOCI, theo Sy dé tinh ch& san pham:
ROH + SOCl, — RCl + SO, + HCI

8.2.4. Tic dung mudi bac véi halogen (phan itng Hundiecker)

—AgBr - -
RCOOAg + Br, > RCOOBr - RCOO*® + Br*

RCOO®* + Br® — R-Br + CO,

Phan ung la decacboxyl hda axit theo co ché goc.

CCly, khan, 16°C
C H.CH,COOAg + Br, > C,H.CH,Br + CO, + AgBr

Thudng kho diéu ché mudi bac khan nén co trudng hgp dung truc.tiép axit vai du
HgO dé thay cho muéi bac:
HeOdu
l>"CDOH + Br, > D—Br + CO, + HBr
CCly, 76°C

8.2.5. Di tit mudi diazoni

Phan dng dung diéu ché céc arylhalogenua theo phan dng Sand meyer :
13k ]
~—> Ar-F
l CuBr
» Ar —Br
» Ar —Cl

J CuCl
Ar—H - Ar-NO, -» Ar—-NH, » Ar =NJ :

~» Ar -1
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8.2.6. Di tit hgp chét c¢o kim

R—Me + Cl,—— R—Cl + MeCl
Phan ung it dung vi R—Me cling diéu ché tir RX.
8.2.7. Tong hgp vinylhalogenua

CH=CH + HCl — CH,=CHCl
CH,CHCL, + HO__E2 4 4g2 HO™+ CH,CI-CH,CI

Cac dan xudt cao hon ciing ding phuong phap trén, riéng clorua vinyl cd thé clo hda
etylen ¢ nhiét do cao, song cac dan xuét cao hon khong thue hién duge.

8.2.8. Tong hgp allylhalogenua

4009C
CH,=CH-CH, + Cl, » CH,=CH-CH,Cl + HCI

CH,=CH-CH=CH, + HCl — CH,CHCI-CH=CH, + CH,~CH=CH-CH,Cl

8.2.9. Tong hgp tir xyclohexen

Cho tac dung N—bromsuxinimit v@i anken theo co ché& géc chudi khi ¢d anh sang hay

chat kich thich:

C#,.-,O H C//'o
/ \ / .
o0~ B O
C = T
I (.
No | C“*o
O 0
/ |
ch, \ o,
eh, NBT R o, N
o 2/
N\
N\ %

8.3. TINH CHAT VAT LY
Nhitng n—ankyl halogenua thdp phéan ta 1a thé khi ¢ nhiét d6 thuong. Bat dau tu
n—butyl florua, n—propyl clorua, etylbromua va metyliodua 1a thé long & nhiét dé thudng.
Digu d6 1a do tang bé mat hiéu dung cta halogen vi thay d6i khoang cach lién két tiu F
dén I, tang dién tich ti€p xdc ti bdan kinh van der Waals giy ra luc hiat van der Waals.
Theo quy téc chung, tinh bay hoi tang khi gidm khéi lugng phan ta, gidm kh6i lugng
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halogen. Khi cung nguyén td X, tinh bay hoi g;ém khi ting s6 cacbon, thudng tdng moét

cacbon thi nhiét d6 s6i tang khodng 20—30°C, trit nhitng dong phan rdt nhé. Nhung phéan
td c¢6 mach nhdnh s6i thap hon mach khéng nhanh. -

et do

Nhi

Sﬁﬁ',_a_

-

GC.

200 -

100 —

I I | r ] | l )
tog 120 Y40 150 180 200 20 240 26Q

M oo

~roo [ [ i
20 <48 60 80

Hinh 8.1: Gidn 406 so sinh nhi¢t 3¢ soi cia R—X.

Bang 8.1. Tinh chiit vit 1¥ ca din xudt halogen RX

. X=F cl Br | I
(0 d20 1 a0 | o d20 (0 d20
CH, ~78.4 ~242 3.6 424 | 227
CH;CH, ~377 123 38 4 144 726 | 193
(CH;),CH - -94 48 | 086 | 594 131 895 170
(CH;);C~ 507 | 084 731 122 | 100, by
CH,=CH- ~ 14 16 56
CoHy - 1425 00 | 1650 |
CeHsCH, - (79 LI0 | 201 93, 10)
CeHs— 85 132 156 189-
CH;- CgHy— o— 115 159 182 206
m-— 115 162 194 211
p— 16 162 185 211
~CgHy- o— 92 180 221 287
1 — 83 |« 173 217 285
p— 89 175 219 285
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Tinh chat vat ly lién quan tdi sy phén cuc hda cta halogen ciing nhu luc hit van der
Waals. Trong day dong dang, luc van der Waals phu thudc vao kich thudc chung cia phén
td va thay ddi song song vdi khoi lugng phan tu.

So v8i ankan, nhiét dd s6i cia dan xuidt halogen thudng bang. ankan co cung khoi
lugng phan tl, vi ciing 1a nhitng hgp chdt phan cuc yéu, song c¢é nhiéu ngoai ¢, |

CH,I (M = 142) sb6i & 42°C con n—dekan (M = 142) sb6i ¢ 176°C

CHF, (M = 88) s6i 6 — 128° nam gitta CH, (M = 16) s6i & —164°C va etan (M =
30) s61 6 —89°C,

DAn xuat halogen khong hay it tan trong nuéc, tan trong nhiéu dung méi hitu co.
DAan xuit halogen bén, nhung monoflorua dé tach HF thanh anken khi chung cét, nhitng
ankyl cao bac ba cling dé tach HX thanh anken khi cd nhiét, dan xuat iot cling dé phan

huy khi chung cit & 4p suit thuong.

Sy thay doi 0 cta cdc halogen duge so sdnh trén gian do hinh 8.1.

Cac lién két C—X cd phé dac trung trong IR : o

C—F 1850—1000cm !, C~Cl 800—600cm ., con pic hép thu cia C—Br va C—I nam
§ ving thdp hon ngoai vung sdng cua may dung NaCl.

8.4. CAU TRUC CUA DAN XUAT HALOGEN

DAn xuit halogen dic trung bang lién két C—X do sy xen phu cua obitan Cﬁps véi
obitan lai hda cta halogen. Su tinh toan MO cho théy, obitan lai hda cua halogen co
nhidu ban chdt p, chi cd mot phan nhd ban chiat s. Chang han, trong CH,F, obitan-cta
F trong C—F cd 15% ban chédt s va 85% ban chit p. Ban chat s nhé trong C—-X la do

halogen cd ba cap electron chua lién két, nhat la X, , gilt chit cac cép electron nay, chi
mét phan nhd obitan s ding cho lién két vdi cacbon. Chiéu dai lién k&t C—-X tang khi

tang thé tich ctia X. Thé tich ctia F 16n hon H nhung nhé hon C nén C-F ¢d chiéu dai
lien két 1a 1,394 so voi C—C 1a 1,544 va C—H la 1,1A. E
Chigu dai lién két, A: CH,-F CH,-Cl CH;-Br CH,-I
le_ x: 1,39 1,78 1,93 214

cOn ban kinh van der Waals so vdi cdc nguyén té khac nhu sau:

H N O F CH, P S Cl CHj Br I
1,2 1,5 14 1,36 2,0 1,9 1,85 1,82 2,0 1,95 2,156
Lién k&t C—X 1a lién k&t phan.cyc, tang tit I dén F do tang d¢ am dién cua X:

TR
CH, - X CH;-F CH,-Cl CH;-Br CHj;-I
Heox D 1,82 1,94 1,79 - 1,64

— Khéa nang phan ly C—X tuong dng vdi tinh axit cia H-X (HI > HBr > HCI> HF)
do dd, kha nang phéan ly cia RI > RBr > RCl > RF do lién két C—X bén khi tuong tac
ctia hai obitan gin gidng nhau vé nang lugng, tuong tu nhu tinh axit gidm ctia HX khi.
giam thé tich X. . | -

O day can chéy ring, kha nangphan ly cia C-X xay ra trong dung dich nhung khd

oy e b
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hay khéng phan ly duge trong tuéng khi.
Néu phan ly duge theo ki€u déng ly trong tuéng khi thi AH du’cmg, chéng han vdi

CH Cl
CH, CI(K) - CH;(k) + CIER) AH = +80 kcal/mol

Né&u phén ly theo ki€u di ly trong tudng khi thi AH duong 14n:

CH;:Clyy,y - CH;(L) + Clyy  AH = 227 keal/mol
CH,Cl - CH3 + CI* AH = 80 kcal/mol
CH; - CH; + e AH = 234 kcal/mol
Cl® + e - CI” AH = —87 kecal/mol”
Néu phéan ly trong dung dich, nho cd su solvat hda ion va chit ban dau (nhiét hoa
tan): |
CH Cl(k) - CH CI(““GE) AH = 1 keal/mol (nhiét hoa tan)
CH;(k) - CHg(m,ﬁc) AH = —80 kcal/mol (nang lugng su:::rl*‘.ﬂ':ed;'CH;r )

C](k) - Cl(mm.-.:) AH = —85 kecal/mol (nang lugng solvat Cl7)

‘Do dd, nang lugng phan ly trong nufc:
+ —_
CH,Cl CH3(:11|::1¢) + Cl(nunc) AH = 63 kecal/mol

(nudc)

Nhu vay nang lugng phén ly

trong nuGc thuan Igi hdn trong
tuéng khi 1a 227-63 = 164
kcal/mol do, gidi phdng nang
lugng solvat hda hay hidrat hoa
cac ion {tuy nhién kha niang xac
dinh nang lugng nay rat khd
khian, khong phai lic nao cilng
dat duge). Do dé phan dng cha |
R—X chi x4y ra trong dung dich Sy phén cye cia lién két C-X
& dang phan ly ion, nghia la
phan Ung chu yé‘"ﬁ la phdn Ung thé hay tach ion,

- Dan xudt halogen ciing chiém uu tién cdu dang kim ham vdi hang rao quay lién két
C-—C chita halogen tuong tu nhu trong hidrocacbon. Nang lugng quay nay khong ¢d quan
hé ‘don gidn lién quan téi th€ tich halogen.

Bdng 8.2. Hing rio quay ctia din xuit halogen, keal/mol

CH,~CH,F 3,3 CH,-CF, 3,25
CH,~CH,CI 3,7 CF,-CF, 3,90
CH,-CH,Br 3,7 CCL,-CCl, | 10,8
CH,~CH,I 3,2

Mot trong nhitng nguyén nhan dd 1a khi thé tich halogen tang thi chi"éu dai lién két

cing tidng. Trong din xuidt halogen, nang lugng guay-cia-l—H-ch vei C—H la
3,2 kcal/fmol, con C—H vdi C-X 1a 3,7 kecal/mol. (NHHg' EEH@MLM!&W Cl qua dang
PHONGDOC |
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khac kho khan hon 1a lién két C—F. Chang han nang ludgng quay C—C trong hexafloetan
véi ba lién két C—F che khuat chi ¢d 3,9 kecal/mol, trong khi dé v6i hexacloetan chin dén

10,8 keal/mol.

Dan xuat 1,2—dicloetan co hai cidu dang xen ké ké (gauche) va anéi v8i nang luong
chuyén hda cho nhau la 3,2 kcal/mol, tuong tu nhu trong ankyl clorua (vi khong phai
qua dang chuyén gitta hai C-Cl). Trong tudng khi, cdu dang anti bén hon dang ké la
1,2 kecal/mol, con trong chat léng tinh khiét thi sy khdc nhau dd thue t& bang khéng;

H C l/ H.CIH I

Cl

Hai cdu dang nay cd hai nhan td ngudc nhau: sy diy ludng cuc va sy hidt van der
Waals. Su day tinh dién cda hai ludng cuc cua dang anti it hon ctta dang ké. Su hidt van
der Waals cia hai clo cach nhau & khoang cdch nhé hon téng hai ban kinh, tuong tu nhu
trong ankan k& nhdu. Sy hiat van der Waals ¢d tAm quan trong cho nguyén ti halogen
16n vi cap electron tu do can ¢ thé tich 16n va dé thay déi dién tich.

Sy hat van der Waals thuan lgi cho dang ké hon, con day ludng cuc — ludng cuc
thuan lgi cho dang an#i hon. Trong tudng khi, hiéu dng ludng cuc quyét dinh nén dang
anti bén hon. Trong tudng léng, do ¢6 nhigdu phan ti khac nén loai duge tinh quan trong
ctta ludng cuc ndi phan tua, hai hiéu dng nay tuong tu nhau..

Péi vai dan xuit vinylhalogenua va arylhalogenua, lién két C—X bén hon C—-X cua
ankylhalogenua. Cd thé so sanh nhu sau: '

lo_op A 1,D DH®, kecal/mol DH®, keal/mol(khi)

CH,-Cl 1,27 297
CH,CH,CI 1,77 2,05 80 191
CH,=CHCl 1,69 1,44 90 223

C H,—Cl 160 1795 - _
C,H,—Br 1,91 2,02 68
CH,=CHBr 1,86 1.41 78

C H,-Br 1,86 1,71 -

Diéu dé cho thay, chieu dai lién két trong vinyl hay aryl ngan hon trong
ankylhalogenua, déong théi momen ludng cuc cing nho hon. Nguyén nhan cua hién tugng
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trén cd thé€ thiy tit obitan lai hda C 2 tao nén lien két véi halﬂgen ngin' hon, seng & day

et

cha yéu do sy tuong tac
electron 7 véi cap electron
n cua halogen theo ban
chat caa hiéu tdng +C cla | L
halogen, lam cho lién Lkét )
C—X c¢d ban chit caa lién
két ngan. Diéu nay cd thé
thay tu nhing cong thic
cOng hudng sau:

H H
H : (5 : é: Cl |
(1) |
H H
H- é‘: CIJ QO Hinh §-2. Cau trie obitan cia vinyli_mlqggﬁun.
(2) |

Dang (2) co lién két C—-Cl 1a lién k&t doi, Cl mang dién tich. duang va C mang disn
tich am. -

D61 vdai clobenzen:

| . . \ + oo iy
OrinmsCrtres-Oro= O

trong dd, cong thiuc (3) la cdu trac Kekulé, con dang (6) (9), (4} co llen ket C—-Cl 1A lién
két doi.

Hinh 8-3. Ciu trdc obitan cna clobenzen.
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Céng thdc (2), cung nhu (6), (5), (4) déng gop l6n vao sy dn dinh cua clovinyl va
clobenzen va cho ban chit kép cua lién két C—Cl, lam cho lién k&t C—Cl trd nén ngin
hon va b&n hon, ciing ching té kha nang phin cit llEIl két C—X trong vinyl va

arylhalogenua kho khan hon' trong ankylhalogenua.

8.5. TINH CHAT HOA HQC
8.5.1. Phan ung thé halogen

Phan ung thé halogen bing céc nhdm thé khac la phan dng th& nucleophin Sy,
R-X + Nu — R—Nu + X

X 14 bazg y&u nén thé bing bazo Nu manh.
- R-X + Nu"— R—Nu + X~

Nu™: HO™ (nube, nuéc — dioxan) cho sdn phém: ancol ROH

RO~ {(rugu) ete ROR

oH thioancol RSH

RS~ (rugu) - - thicete RSR

RCOO™ (axit axetic, etanol) ~este RCOOR

~ (axeton, dimetylsunfit) - nitrin RCN
CH=C"~ (amoniac 1dng) | ankylaxetylen
- RC=CH
FCH(COOCZHS)Z, rugu) | dietylankyl m_alﬁnat
- RCH(COOC,Hs),

NI, (NH; long) | amin RNH,

N5 (axeton) ~ankyl azit RNj

NOJ (dimetylfomamit) - nitrpankan RNO,

NO; | ankyl nitrat RN03
- ‘SCN - - ankyl thioxyanat
o | " 'RSCN

Cl-, Br~, I” (trao déi ankyl' halogenua

| halogen, axeton, rugu)
R-X + Nu: » R—Nu™ + X~

Nu: (CH,);N: (ete, benzen) trimetylankylamoni clorua
| (CH3)3N+R.XF
(CH3)3P: (ete, benzen) trimetylankylphotphoni clorua
| - RP*(CH3)3X—
(CH,),S: (ete, benzen) ankyldimetylsunfoni clorua
RS_*(CH:,))ZX*
R—-X 4+ H—Nu - RNu + HX |
| H~-Nu: H,0 (nudc, dioxan—nuéc) - ancol ROH
RCOOH (rugu) - este RCOOR
ROH (rugu) | ete ROR
NH, (metanol, amoniac) - amin RNH,

Céc phan Ung trén xdy ra theo cd ch& Sy vdi dong hoc phén tng va hda hoc lap thé
khac nhau. |
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8.5.1.1. Co ché ciia phdin ttng $,;2

1) Co ché:

Co ché€ theé S 2 la qua trinh déng b, nhém di ra X va tdc nhan nucleophin di vao
dong thoi tao nén phic hoat hdéa ludng phan ta.

~Chat ban ddu — phidc-hoat hda —= san phim

Trong co ché trén, phic hoat hoa ¢d sy tham gia cua hai cdu tu nén 13 ludong phan
ta, déng thdi cling la bac hai.

Trén toa do tién trinh phan dng (hinh 8.5), chang han ¢ (b), khi Nu tdn cong vao
RX tao nén trang thai chuyén cd lién két C—Nu, lién két C—X bat dau dai ra va trung
tam cacbon bt ddu phéng ra, nghia la dan chuyén tu trang thai sp3 sang sp2. O diém
(c) 1a phic hoat hda, trung tAm cacbon gain nhu phang da trg thanh Cspz va ca hai lién
két déu dai nhu nhau tao nén trang thai chuyén can déi. O diém (d) trén dudng chuyén
hda phuc hoat hda thanh san ph&m, lién két C—Nu gan nhu bén vitng binh thudng, lién
ket C—X da dai ra, trung tam cacbon hudng vé hudng trd lai trang thai sp® va nhom di
ra X di ra xa hon. -

Phan Ung cd su thay d6i obitan, chAt ban diu va san pham cd trung tam Csp:;, nhdm
di ra X cd ban chat p 1én, cén ba lién két khac co ban chat s 1on. Trong céu truc trang
thai chuyén, hai lién két C—X va4 C—Nu 14 yéu do sy xen pht cda hai obitan cia X va
Nu v4i hai thuy cia obitan p § trung tam, con céc lién két khac & trung tAm cacbon hinh
thanh tit obitan sp<. |

Ciling ¢ quan niém cho rang, trong trang thai chuyén, nguyén tu cacbon trung tam
c6 10 electron, quy tac bat td bi pha hay, song thuce t&€ s6 electron chi mét phan thuée
vé nguyén tu cacbon trung tam.
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L

namng

ThE

Nu™ + §C—X san pf?ﬁ;ﬂ Ny C‘/ + X~

7 fac nhin \-

: -
Jea J6 phdan ci%;«'

Hinh 8.5. Gidn do th€ niing cia phian ng Sy2 .

sp? |
>
,,

Hinh 8.6. Sy Linh thinh obitan trong trang thdi chuyén.

Phan itng nay dudce ching minh bing phan dng cia ddng vi, chang han:

H & B 5 H B
L1 == *I';C;"I = *I—g;: + I
1, v CH
,C 25

Cing tit co ché€ trén, cho thidy phan dng ¢d sy quay ciu hinh, chdng han phan dng
cia (R)—2-brombutan tao thanh (5)-—2—butylaxetat:
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A,

- H 0 .
\B;.& + CH:-;CO; \A Br
(R)—2—brombutan ' (S)-Z-—hulylzmetm"

Theo thuyét MO, tdc nhan Nu khong thé tin cdéng dién hay tan céng bén vao lién
két 0 ~_x, phan dng x3ay ra gita HOMO cia Nu v6i LUMO cia C-X, nghia 14 Nu t4n
cOng vao obitan phan lién két cda C—-X, tdn céng vao phia sau cua nhdm di ra X, do dd
phan ung la quay cdu hinh.,

2) Doéng hoc cua 5,2

Trong phan tdng S\2, giai doan quyét dinh téc d6 clia phan tng la giai doan hinh
thanh trang thai chuyén ludng phén ta, téc dé ty 1é v8i noéng d6 cua Nu va R—X:

v = R[RI][T"] hay v = R[RX}{Nu] |

Bac ctia mdéi tdc nhan la badc mdt va phadn dng c¢d bac hai.

N&u nhu tdac nhan nucleophin vua ddng'vai tro cua dung moéi, phdn dng nhu la phan
ung dung mdi phan, chang han thdy phan CH,I trong nufe:

CH,I + H,0 - CH,0H + HI

H  H Ho_H . H H ¥ H
* -1 - + - /
/ -~ / | /3 R ﬁ‘»H
W HY H AR H, i
H L H - 5, H H
QH,

phtic hoat hée

Vi ndng do nucleophin rat 16n, sy thay d6i nong do ctia Nu khoéng anh hudng dén tdc

d6 phan dng thi phuong trinh déng hoc chi phu thudc vao RX nén:
v = R[RX] |

thudng goi phan tng nay la "gid bac nhat".

3) Nhitng nhan t6 anh hudng

a) Anh hudng cua chéit ban dau

—~ Anh Hufmg ciia géc ankyl thé&

Khi RX 1a cdc ankyl halogenua, phan ing S 2 phu thudc vao cdu tric géc R. Téc d
RX bac 1 cac hon RX bac 2, thudng bac ba chi cho 1% san phdm theo S,2, do 4n ngi
khong gian clia géc R 16n can trd cho su tan cong sau:
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R= meiyl eyl isnhrﬂpyl |

Chang han cac phan ding S\ 2:
axcton

CH,CH,CH,CH,CH,CI + Nal -~ CH,CH,CH,CH,CH,I + NaCl (90%)

dun nong

CH,CH,CHCICH,CH, + Nal » CH,CH,CHICH,CH, + NaCl (70%)
CH,CH,CCI(CH,CH,CH, + Nal — CH,CH,CI(CH,;)CH,CH; + NaCl (5%)
— To6c do tudng doi cda cdc bic cua goc R:
CH, CH,CH, (CH;),CH  (CH,),C-
vy = 30 1 0,02 0
Khi e¢d nhigéu nhém thé& dinh vao C, 4n ngit khong gian 1én, cin trd phin dng Sy2
goi 14 hiéu dng cua sy phan nhanh & C_.
Khi ¢d nhiéu nhom thé ¢ Cﬁ Anh hudng khéng gian ciling I‘fm, lam giam phan dng
SN2
Téc d6 tuong doi do hiéu dng & Cﬁ: -
CH,CH, - CH,CH,CH,-  (CH,;),CHCH,~ (CH,),CCH,~
Dy = 1 0,4 0,03 0,00001
Cac hgp chat trén phan dng ¢ nhitng cdu dang thuan lgi hon, chang han n—prﬂﬁyl
halogenua chidm hon etyl halogenua nhung phan dng xay ra ¢ cdu dang thuén lgi hon do
quay cua nhom CH, & Cﬁ, ciing nhu & isobutyl, phan dng xay ra dudgc nhung phat d ciu
dang ¢d nang lugng cao hon, con neopentyl khéng phan dng theo phan ding §2 (tru diéu
kién cao) vi khong cd cdu dang ma cdc nhém metyl chan & xa trung tam.

H I;' H ‘ :r;[ H3 H ?HiH
\ ; /i \ i .
£ G £
. - . H ,.F .
Nu-----HH ----=(—X Ny -~ - +~(C—X Nu---~- H---—-+C—X
H;‘/ H.-" H’;
H - H H

Sn2 O cilu dang s—prropyl SN2 O ciu dang ncopenty!
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Sﬂz ¢ cllu dang isobutyl

Phan dng & trung tdm xa C_ 1a nhé hay khéng anh huéng, do dd., thue té€ n—butyl
va n—pentyl phan ung véi toéc dé gan nhu nhau.

Ndi chung, anh hudng cua nhom ankyl dén Sy 2 la:

— Sy phan nhanh ¢ C_, phan dng theo thud tu: bac 1 > bac 2 > bac 3

— Sy phan nhanh & Cﬁ, neopentyl khéng phan t‘ing tﬁy la bdac nhat.

Khi géc R 1a géc allyl hay benzyl, phan dng Sy 2 x4y ra rdt nhanh, nhanh hon ankyl
halogenua do phtc hoat hda tao thanh bén, ddi héi nang ligng hoat hoa thap do c¢d tuong
tdc cua obitan x véi obitan p cua trung tdm cacbon dang lién két véi X va Nu:

Trang thai chuyén SN2 Trang thai Chll}féll
cua ﬂllyl clorua cua bf__‘;nzy] clorua

Trang thai chuyén trén la do tuong tdac cda obitan p trung tam véi obitan 7 clia mét
noi doi trong allyl va ba ndi déi trong nhan benzen nén trang thai chuyén cda benzyl cd
bén hon cua allyl,

Khi gbéc R la vong no (cédc xycloankyl), xyclopropyl halogenua khéng thé phan dng
theo co ché 5,2 béi vi trang thdi chuyén tiép v8i trung tam cacbon la sp2 lam tang suc
cang vé gdc cha vong ; xyclobutyl halogenua chju &nh hudng nay it hon nén phan ing

dugc theo Sy2 nhung cham :
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Phan dng:
CCHzBr + Li] == CCH:zI + LiBr

isopropyl  xyclopropyl Xyclobutyl  xyclopentyl

0. = 1 0,0001 - 0,008 16
xyciohexyl xycloheptyl  xyclooctyl
Uy = . 0,01 1,0 .02

Xyclopentyl phdn ung theo Sy2 tuong tu nhu mach hé, xyclohexyl phan ﬁng cham
hon. Cac vong réng hon phan dng tuong tu nhu mach hd: -

T
R
._ Idng suc fﬁﬂH\

9% " H,C—CH,

Trang thai chuyén Trang thai chuyén
cia xyclopropyl cua xyclohexyl

Xyclohexyl phan dng cham hon khong phai do stic cing vé gdc ma do hiéu dng khong
“gian ctia hai H axial ndm vé phia t4n c¢ong sau cta Nu d6i v8i nhdm di ra X, do do cac
xyclﬂhsxyl thudng cho uu tién phan dng tach hon la phan ung thé.

b) Anh hudng cta nhdm di ra X |

Phan dng phu thudc vao ban chdt cta nhém di ra X. Cdc ankyl clorua, bromua va
iodua déu dé phan dng theo Sn2, trong dé nhanh nhat 14 dan xuét iodua; con cham nhat
1a din xudt clorua. Dan xudt florua thic chdt khong tham gia phan dng S\ 2. '

Thuong nhém di ra dé khi tao dugc ion hay phan tua trung hoa bén, diéu dd tuong
quan v&i tinh bazo. Nhém di ra khd nhédt néu tinh bazo cia nd manh nhit, hay ngugc
lai. Ching han, kha ning phan dUng cla cac nhdm di ra giam theo tha ty:

CI—%SOS, CH,CH,SO,; > I > Br > H,0* > (CHy),5" > Cl > F
Nhu phan Ung: o

_ CHOH S
CH,CH,X + C,H,0 - CH,CH,-0-CH,CH, + X
25°C '
X =CHS0, vy, = 56
I 1,9
Br 1,0 |
Cl 0,024 (& 40°C)

cling nhu phan dng sau;
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Ar—-50,-R + Nu™ - Ar -SO; + R—Nu . R
ArS03 la moét bazo yéu do dién tich am duac gidi toa 16n, nén ArSO; la nhum di ra

Sur

dé. -

axeton

BrCH,CH,CH,Cl + 1™ » ICH,CH,CH,Cl > BrCH,CH,CH,I
ching to Br 14 nhdm di ra d& hon 1a Cl, nghia 1a Br~ 1a bazd y&u hon Cl~. Do d6 ¢ thé
ndi ring, trong chat ban dau c¢d nhidu trung tam phan ing, vi tri cacbon dinh v4i nhém
di ra dé nhéat sé chiu su tdn céng dé dang hon. |

Nhém di ra dé néu nhém dd 1a bazo y&u hay 1a bazo lién hgp cha axit y&u, nén cd
thé ndi nhém di ra dé néu nd 14 anion ciia mdt axit manh. BRI

Trong diy halogen, kha nang phan dng giam RI > RBr > RCl > RF do tinh bazcr

cia I” < Br™ < ClI7 < F~ cling nhy axit HI > HBr > HCl > HF. .. --.
Nhitng nhdm di ra la anion axit yéu nhu HCN (pK = 10); NH,(pK, =i'5,8),
CH;COOH(pK,K = 4,8) la nhom di ra kho: e
Nu + R-CN -» R—Nu + CN™ khd thuc hién.
cting nhu nhom OH 14 nhdm di ra khd: : -
Br~ + CH,CH,0H -» CH,CH,Br + HO~ khong thyc hién duge
vi OH di ra ¢ HO™ la mét bazo manh, nhung néu trong méi truéing axit c¢d phan dng: :
Br~ + R—*OH,== R-Br + H,0 T
xay ra duge do H,O la bazo yéu hon HO™.

Nhu vay, cd thé thdy rdang, nhém di ra duéi dang anion bén 14 nhitng nhom di ra dé,
nén nhdém di ra la bazo yéu va cdc nhom thé hit electron trong nhdm di ra lam tang kha
nang phan dng cia nhom di ra.

Diéu do ciing hiéu dugce tai sac cdc phan dng th& trong co thé séng thuang gap la
cac nhom photphat —0O— P(C)'H)2 - - o

01

Néu nhin trén trang thai chuyén, nhdm di ra dé néu nd cang nhan dﬁgc nhiéu
electron trong trang thai chuyén thi trang thai chuyén dé cang én dinh, nang lugng
trang thai chuyén cang nhd va téc d6 phan Ung cang cao: -

Nu~ +C-X - [Nu’7...C..X*"] == Nu- c +X-

c) Anh hudng ctta tdc nhan Nu
— Phan dng S32 phu thuéc vao ban chat nucleophin: tinh nucleophin c&ng 16n, t6c

do phan ing cang ldn

Tinh nucleophin 14 kha nang cho ciap electron tham gia vao lién két. Tic nhan
nucleophin la chét cho cip electron khi nd tdn edng vao trung tam thiu electron. Trong
phdn dng Sy2, tinh nucleophin 1a mic dé tham gia phan dng nhanh hay chiam nén cé
tinh dong hoc. |

O day can phan biét tinh bazg va tinh nucleophin.

Trong phan 1ng, nguyén td hidro tdn cong vao cip electron cda nucleophin, phan
ung la axit—bazo thi nucleophin 14 mét bazo. Nucleophin la bazo khi n6 dé dang két hop
vGi proton. T4t cd cdc bazo 13 nucleophin nhung ¢é kha nang tham gia khéc nhau trong

phan ing Sy 2.
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r—
Danh tit nucleophin va bazo ¢é thé€ ding d€ chi kha ndng tham gia phan ing khic
nhau trong cung mét ti€u phan. |
Chang han, anion HO™ la nucleophin trong phan dng véi CH;Br theo cd ché& S 2:

.

| |
HO'+-(II—B1'—-* HO—(IJ—- + Br
HO™ 1a nucleophin.

HO"H-0-C=*>=H-0-H +0"-C
(-

HO™ la bazo trong phan ding axit—bazo, phan dng chuyén proton x4y ra rat nhanh
vi thé& tinh hazo xdc dinh vi tri cAn bing cta phan dng ma khéng phai 1a xdc dinh téc do
dat cAn bang. Vi tri cAn bang 14 ham s8 cta sy khéc.nhau vé nang lugng giita chat dau
va chit cudi, vi thé tinh bazo cd tinh chit nhiét déng hoc. |

Daon gidn nhu phan tng: axit + bazo » mudi

[mudi]/ [axit][bazo] xdc dinh tinh bazg

Trong phdn dng thé€ nucleophin, phdn dng cta nucleophin véi chdt ban diu xay ra
cham hon la phan dng chuyén proton. Téc do thé€ nucleophin duge nghién cdu chic chan
hon nén tinh nucleophin cta ti€u phan la mdc d6 ma no ¢d thé tham gia nhanh trong

qud trinh thé&, nén tinh nucleophin c¢é tinh déng hoc.
Sau day cd th& riat ra vai quy tdc vé tinh nucleophin:
— electron khong lién két n c¢d tinh nucleophin cao hdn electron n va cac hon

electron o:
electron n > electron 7 > electron o

— anion cd tinh nucleophin cao hon phén t& trung hoa hay axit lién hgp cia nd:
HS™ > H,S5, RO™ > ROH, CI” > HC(I

Vi trong phan dng thé nucleophin, nucleophin tdn céng vao phan dU{;ng cua lién két
C°* - X% neén mat dd electron cha nguyén tu tidn cdng cang ldn thi tdc nhan cang
dé tim dugc nguyén tit cacbon ma nd té&n codng. |

— anion hay nucleophin ¢6 nguyén té co ciap electron n bén canh goi 1a hiéu ung «,
la tac nhan nucleophin manh hon:

HOO > HO™

Hiéu iUng « lam tang tinh nucleophin cua tdc nhin ma thuc t€ la lam giam nang
lugng clia obitan bi chiém cd nidng lugng cao HOMO cda nucleophin.

— Tinh nucleophin tang tif trén xudng trong mét nhdm nguyén to:

I > Br >Cl” > F"
RSH > ROH; RS~ > RO™; PH, > NH,

Anh huéng kich thuéc nguyén ti lién quan téi dé phan cuc hda clia nguyén ti. Kich
thudc cang 16n, tinh phan cuc hda cang 16n. D6 phan cue hda cua nguyén td cang 1én,
dam may electron clia tac nhan phan dng vdi dién tich duong nhé dinh ché & nguyén ti
cacbon nhanh hon.

— Tinh nucleophin phu thudc vao ban chidt cia dung méi. Chédng han trong dung méi
proton, tinh nucleophin thay d6i theo tha tu: I™ > Br~ > Cl7, con trong dung méi
aproton, nhu trong dimetylfomamit, ¢co thi tu nguge lai:
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Cl- > Br >1"

Trong cac anion, 14n, sy phan bé dién tich &m trén mot dién tich 16n, anion dugc 6n
dinh khéng can dung méi. Cdc anion nhd, dién tich phan b6 trén dién tich nhé, khi solvat
bing lién két hidro, dién tich dugc phan bd trén dién tich 16n hon cia anion solvat, do
d6 dung méi dd lam 6n dinh anion hon:

 artien solvaf

Do dd, dung modi proton c¢d vai trd quan trong déi véi anion kich thuée khéng 1dn
song tinh nucleophin cua cac anion giam di do trudc khi tham gia phan (ing, anion solvat
cin mét nang lugng d6 giai phéng cdc phan t& dung mdi 16n hon 1a cédc anion c6 kich
thuée 1on.

Nhu vay trong dung méi proton, cdc anien cd kich thude 16n ¢d tinh nucleophin cao
hon. |

Trong dung moi aproton, khong cd hidro nén khéng cd kha nang solvat bang lién két
hidro, anion dudc solvat nhd hon la trong dung méi proton. Cac anion.trong dung moi
aproton ¢d thé xem nhu la tro. Do dd trong dung méi aproton phan cuc, anion kich thudc
khéng 16n gidu nang lugng hon nén ¢d tinh nucleophin manh hon, ¢ kha nang phan dng

cao hon.
Chéng han, Cl~ trong dung mdi proton cd tinh nucleophin nhdé hon Br™ hay 17, con

trong dung moi aproton phan cuc lai 16n hon Br™ hay I™. |

— Téc nhan nucleophin cd tinh kép, ¢d hai trung tdm nucleophin, phan dng S\ 2 dbi
héi tinh nucleophin nén nguyén ti ndo c¢d tinh nucleophin cao hon sé tham gia phan idng
theo Sy 2. -

Chang han:

o I 9
_. 3 _ \ _
0—§+—O > HO—§—O
0~
ClI,i
3 \
I _O—§2+—O_
CH,

& day tac nhan cd nguyén té S cd cap electron n ¢d tinh nucleophin cao hon, nén uwu tién
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tao trang thai chuyén tiép S, 2.
Tudang tu:
(I)-' _ 0—"" o
“S—-§**-0" + CH,] — CH,-8- sz** 0" + 17
0 0~
0" N=0 + CH,I > CHj—O—N=O
— CH,;-NO,
4 day N va O cling & trén mot chu ky, tinh nucleophin rat gan nhau nén ty 1& sdn pham

phu thudc vao diéu kién phan dng, cling nhu:
“C=N + CH,4I CH, C N (chinh) -

GHE—N—G (phu)

~d) Anh hudéng cia dung méi

— Phic hoat hda duge dan déu dlen tich hon nén khi tang tinh phan cuc cta dung
mdi, phic duge 6n dinh hon la chat ban diu va san pham do dd trong Sy2, nét chung,
tang tinh phan cye ctia dung méi ldm tang su khac nhau vé nang lugng gii'ta chit dau
va trang thai chuyén, ting nang lugng hoat hda va gidm t6c d6 phan dng.

Thé’ néng

R—X +Nu~ 2 [NuewRewX] 22 Nu—R + X~

Joa do Pﬁd}? Lf:?5 |

Hinh 8.7. Anh hawrdng coa tinh phiin cye ciia dung moi trong SN2.

Cdc dung mdi thudng dung trong nghién citu cd ché Sy2 la nhiing dung moi aproton
ludng cuc cé dd thadm dién moi cao, khong c¢d khad néng tao lién két hidro, nhu cic dung
moi truyén théng nhu etanol, dioxan,... nhung hién nay co gia tri hon la dimetylfomamit
(DMFA), dimetylsunfoxit (DMSO), sunfolan, hexametylphnI:phntnannt (HMPT)

CH CH, C{‘I O O
/s+ O~ (CHS)ZNC\ [(CH,),N],P*—0"
¢, cHCf, \0 H

dimetylsunfoxit sunf {)i 10 | dimetylfomamit hexametylphotphotriamit
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Béng 8.3. Do thhim dién méi ¢ cia mot s§ dung méi (20°C)

Dung mdi & . 1
Nuée - &0 | 100
Axit fomic | 59 100
Etanol - 24 79
Amoniac 17 -33
Axil axetic 6 118
Ite etylic 4 35
Benzen 3 80
[Hexan 2 69,
Pioxan 2 0t -
Dimetylsunloxit 45 189
N,N—Bimetytfomamit 38 153

Chang han phan dng chuyén hda 1,3—diclopropan thanh 1,3—dixyanpropan theo co
ché& §\2 trong DMSO x4y ra nhanh hdn trong etanol gdp 1000 lan.
CICH,CH,CH,(Cl + 2CN — CNCH,CH,CH,CN + 2CI~
Anh hudng clla dung méi dude so sdnh bang céach so sanh niang lugng ty do cua phan
Ung trong cdc dung moi khac nhau, ching han: |

25°C

CH,I + Nu > trong DMFA va CH,OH
Nu~ DMFA CH,OH
CN™ 14,0 21,8
NO; 16,8 22,5
Cl™ 16,9 25,0
CH,COO™ 15,7 25,1
N, 16,7 23,0
Br- 17,3 93,0

I 20,9 18,0
SCN™ 19,0 22,0
(CH,),S 21,8 23,6

Trong bang trén cho thay, hoat tinh cta phan tung phu thuﬂc vao nang lugng tu do
cua phan ung, 14 dong lyc thic ddy phan ding. Phan ing cang phat nhiét manh thi phém

iing cang dé x4y ra.

4} Hoa hoc lap thé cia 5,2

Trong phan tUng can bang, nhém di ra va tdc nhan gidng nhau thi phan dng thu dugc
'sdn phdm raxemic hda. Chang han khi dun ndng lau phan dng cha 2—iotbutan trong
axeton ¢o mat [~ sé thu duge hdn hgp raxemic 2—iotbutan. Néu dun ndng trong thoi gian
ngan sé thu duge mot lugng sadn phdm c¢d cdu hinh nghich dao:

axcton, I~ ~_ |

> C-1 + I—(IJ

" [ axeton, I~ l
_C-1+1-C"= SC-1
b Sdun néng u 7 dun néng it

/ \

e
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Trong phan dng khéng cédn bang, tdc nhan va nhém di ra khidc nhau thi phan dng
thu duge san pham nghich d4o hoan toan, nghia la ¢é su quay cdu hinh goi 12 nghich dao
Valden,

H . H o
Na"' - 4 CH,"‘;C—C’ H}ZEtDni I__C{T_CHE + Na"' Cl
C,Hs - . GHs

xudt phat tif co ché tdn céng cla cac tdc nhan so vdi nhém di ra.

H " H
.”T...--"""_‘_-'*.-\ ~ |t / Y]

t] CHs L\ C,Hs - B

Nu™ Nhom di ra | .
Néu trung tdm C la trung tAm bat d6i thi trang thai chuyén la trung tam chiral
khéng trung anh vat.

X_____:_/\ SuZ | - (I::_ Nu. . '_ ;}_ Nu
. ] b / : e’
C ) b :: ] b
chiral

khong trung anh vat |
Sy khac nhau vé hudng tdn cdng cd thé€ thiy trén phan tng:

P
——
CH, OH

4 ;;"'"h"“w,,‘ ‘ cis—ancol do tin cong dién
M + “OH
CHE 1\.“CI

4 T L
' - CH3 . H o R

frans—ancol do tAn cong sau .

Phan dng Sy2 x&y ra vdi hoa hoc lap thé hoan toan nghich ddo, déc biét diﬁlng cho
nhitng phan dng ma c6 trung tam bit d6i xing hay chiral trong chédt ban dau,

HC CH,
H-7C~0K Ho~ KH
H,scz CeHs

(R) . 5)
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Néu trong trudng hgp géc R ¢d nhdm chic hay nguyén tu cd tinh nucleophin 16n nhu
O, N, S 8 cdch nhém di ra it nhédt hai nguyén ti& cacbon thi cé thé xay ra ph&’m ing thé
ndi phan t¢ cda nhom di ra & giai doan dau truéc khi Nu t&n cong: |

_CH, ‘
R~Z—CH,—CH,—CI > R-2__ + CI™
CH, CH,
R—~Z: + Nu~ > R—Z—CH,CH,—Nu
CH, CH,
_a /1 ° HOH - .
CICH,CH,SCH,CH,Cl — CICH,CH,S > CICH,CH,SCH,,CH,OH
CH, |
| -l HO- | C H
CH;CHN—CH,GH~Cl ~—> CH;CH,N! ~C,H; ~—— CH,CH,~N- CH- CH OH
C,H, C,H, CH, eH- (32H5 C,H,

Giai doan dau la sy hinh thanh hop chdt vong theo phan dng Sn2 néi phan tu va
cling quay c&u hinh & cacbon trung tam. Su hinh thanh vong nay tuan theo quy téc bén
cua vong, cd thé 3, 4, b, 6 canh.

(riai doan sau la phan dng Sy2 do sy tdn coéng cua nucleophm vao vnng va ciling co
s quay ciu hinh dé hinh thanh san pham.

Phan tng chung c¢d hai lan quay cfu hinh cia Sy 2, nén sdn ph&m thu dugce 1a bao -
toan cdu hinh so v6i chdt ban diu, nhu la hai Ian phan dng Sy 2 cta ch4t ban dau.

5.2 R R
HA} L Nu—¢- }ii‘?_i X
R}.‘ R2
Phan #ng nay cd hiéu dng ctia nhém bén canh, hay nhom ké goi 1a hiéu ing

anchime, dugc bao toan cdu hinh trong sidn phdm cudi cing.
Chang han phan ung cua (S)—2-brompropionic axit:

H 0" -
H; C‘:}C—' C/ M0 H CHJ-.. . 0
yd N Aj"' C"‘_C
Br 0 HO 0
anion—(§)-2- hrmmprﬂpimhlt 'lniﬂn. (3 )—lactat )
H 0 0 0
H.aC"'EC C/ A HsC"“*C—-C:\; TTH, E‘:—-"C C O+AgBr
Br O r o Br; 0 facton
Ag
Se_c? A
H [‘O - HHC-:}C___C’/O ch C—.C\/\. B —— H3 C"-EC__C\ ) + H30+
H c-*} 7 o- H'"’Q,\ H—0 0
H 3\ |
AN , H N/
H H N
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Su tuong quan giita tac nhan Nu va nhém di ra X cho phép ehon lya d& tdng hgp
cdc hgp chét hitu co. Tdc nhan y&u cd thé.thue hién dugc phdn dng Sy2 véi chét ban
dau c¢d nhom di ra manh va ngugce lai, tdc nhan manh v&i chat ban ddu co nhom di ra
yéu, nghia 12 trong phan ting cd su chon lya r6 rang d€ hinh thanh sin pham. Chang
han: |

+ ClI~Cl | |
CH,—CO0O0™ > CH,COOCH, + CI~

(y€u) (CH30),80,

> CH,COOCH, + CH,S0,-

CH,COO™ la nucleophin yéu, phan ing v6i CH,(Cl c6 nhdm di ra yéu nén phan Ung
xdy ra rdt cham, song véi (CH;0),50, c¢d nhdm di ra CH450; manh, manh hon C17, nén
phan Ung xay ra dé dang. -

Tinh chat quan trong cua phan dng Sy2 1a nhdm di ra vd nhom tdn cong di vao G -
cung mot vi tri cacbon nén san phdm hinh thanh duge dinh huéng ré rang khi téng hap,
nén dugc dung nhiéu dé dua cac nhom chitc mdi vao céc hop chéat hitu cog nhu eac phan
tng thay thé halogen bang cdac nhdm chic chda O, N, S, P, cdc nhom chyc chia lién két

ngan,...
CH,Cl + 1" > CHLI + G
metyl clorua metyl iodua
CH,CH,Br + HC=C"— CH,CH,C=CH + Br".
etyl bromua etyl axetylen
CH,CH,I + CH,CO00"— CH,COO0OCH,CH,
etyl iodua etyl axetat
CH,Cl + "N=N"=N"-— CH3-—N=N+=N_
metyl clorua metylazit |
e O\ | ' _
CH,-CH, + HO” ——— HOCH,CH,0
etylen oxit anion clylenglycolat
CH,I + (C H)P > (C{iH5)3P+CH3I_
metyl iodua - metyliriphenylphofphoni 1odua
- 8 /
CEHS

dimetyletylsunfoni clorua
8.5.1.2. Co ché S\l

1) Co ché: Co ché Sy xay ra qua hai giai doan:

Ky
R—X —= RT + X7
k—1
ko |
R + Nu~ > R—Nu

Giai doan diu hinh thanh cacbocation 14 giai doan cham va can bang, con giai doan

sau 1a nhanh.
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Téc doé chung la:
v =k [RX]/[1 + (&_[X ]/ A[RNu]
Thuong giai doan sau x4y ra rdt nhanh vi la tuong tdc axit—bazo nén k,[RNu] lén
hon &_([X'] nhiéu, gid tri k_ [X"] / k,[RNu] rat nho va phuong trinh téc do ¢d dang:

v = k,[RX]
A
—é“"x {[:' N
L '/_|" ' o )
| iE 16 "haw jon

oy F*ion hod )
2
3
[y
«
=

i

B e 2 —
—Clr‘—x + Ny C-—Nuy
-

Tog d3 phan ung

Hinlt 8.3, Gidn 40 niing lweng Sy 1.

Giai doan mot 1a giai doan quyét dinh t6c d6 phdn ng, giai doan hinh thanh
cacbocation bén. Giai doan nay phu thudc vao kha nang phan ly cta C—X va tinh bén
cua cacbocation hay vao ndng lugng hoat hda caa nd.. Badn chdt Nu va ndng do [Nu]
khong anh hudng tdi téc d6 phan dng vi tham gia phdn dUng & giai doan sau khong nidm
trong phuong trinh téc d9. Do dé phan dng la bac mot va ciing 1a don phan ti.

2) Nhitng nhan t6 dnh hudng téi phdn ung SN

a) Anh hudng cda cdu tric chit ban dau
Céu trac cua cac ankyl halogenua ¢6 4nh hudng I6n dén su phéan cit ion cta lién két
C—X. Chang han, nang lugng ion hda ctia RX nhu sau:

Bing 8.4. Entalpi ion héa trong tudng khi eda R—=X: R—~X - RT + X~

R = CI—I3— fCH3 CHZ— CH3CH2 CHZ— ‘-IJ}I:,"CPI2 CHZCI-IZ- (CH 3)2 CH- (CH3)3C—
AH D:, |

229 190 193 193 168 153
kceal/mol
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Entalpi phan ly ion cta R—X dé& hinh thanh cacbocation giam khi chuyén tir ddn xuit
bac nhét t4i bac ba, tudgng Ung véi tinh bén cta cacbocation tﬁng tu catlon bac nhit tdi

bac ba.
Cacbocation c6 cdu hinh phang, cd obitan trdng ndm thing gdc véi mit phing cia
cac lién két 0. Cacbocation cang bén khi dién tich duong cta cacboeation duge giai toéa.
Cacbocation bé&n khi duge 6n dinh bang hiéu dng +I hay H, cOn hiéu dng -1 lam
giam tinh bén:
R,C* > R,CH" > RCH; >CHJ
CH; > CICH]” > CL,CH* > CL,C*
C,,3 — C* > C, 2—C+>C - C*

"-‘P
Hiéu 1dng siéu lién hop H co gni tri 16n trnng 6n dinh cacbncatmn do cd tuong tac

obitan o._; vGi obitan p.tréng nén dién tich duong duﬂc gla’il téa 16n.

5/ liér hdp 6 - F

Cacbocation Siéu lién hop o—p

Kha nang phan ly cta R—X béac cao khéng chi phft thudc vao hiéu dng electron ma
con phu thude vao sy gidm sdc cing lap thé khi chuyén tit chdt dau sang cacbocation
phang ¢d dng sudt khong gian nhd hon:

CH, CH, CH, CH,
. -—-X_ ! l
H,C-C - G-X — HC-¢—C*
CH, CH, CH, CH,

Cacbocation duge giai tda manh bang hiéu dng lién hop hay eéng hudng.
Chang han, trong hgp chat allyl clorua xay ra theo Syl véi toc do 16n hon
tert-butyl clorua vi hiéu dng lién hgp cia cation allyl da vugt qua hiéu ing cam dng nén

cation allyl duge 6n dinh manh: ~
—(Cl +Nu™ | :
CH,=CH-CH,CI = CH2=CH-—CH+ - > CH,=CH-CH,Nu

[*CH,~CH=CH, < CH,=CH~CH!] = [**CH,==CH.- *--CH‘”
Kha ndng phan ly cling ¢d4+hé thdy tit nang lugng phéan ly:

CH,CH,-ClI AH®, kecal/mol = 191

CH,=CHCH,-CI 171
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Hinh 8.4. Ciu tric obitan cta cation allyl.

Vi cd sy giai téa dién tich duong nén phan tng cd sy chuyén vi goi la chuyén vi allyl,
nghia 14 Nu cd thé€ céng hop vao cacbon mang dién tich dudgng khac nhau trong cation
allyl. Trong trudng hop allyl clorua thi khéng cd gi thay d6i vé cdu tric san phdm:

CH,=CHCH,-Cl - CH,=CH-CH,-I + ICH,-CH=CH,
song khi cacbon mang dién tich duong cd céu tric khac nhau sé cho hai san phdm khac

nhau:

CH;~CH=CH-CH,Cl > [CH,~CH=CH-CH} <> CH,CH* - CH=CH,)
| 1,0 | 11,0
CH;~CH=CH=CH, + CH,-CH-CH=CH,
| 0+H lo+H
CH,—CH=CHCH,OH + CH, ~CH-CH=CH,
+H,0* OH + H,0*

Tuong tu nhu v6i cation benzyl C H.CH:
CH

i HZ HE - %HE " |
-0O-T
™ —

Hinh 8.5. C&u tric obitan cia cation benzyl
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Trong bon cdu tric cong hudng trén, cdu tric cong hudng (1) van bao toan dugce cau
trdc thom cta nhan benzen chidm uu tién hon cde cdu tric kia, do dé phan dng thé chi

x4y ra 0 cacbon nam ngoai vong benzen.

. .
@‘C HY  —— CH,~Br

Do d¢ cdac dan xudt allyl halogenua ciing nhu benzyl halogenua tham gia phan ting
thé& dé dang han, dé hon cdce ankyl halogenua.

Bing 8.5. To¢ dd th& twong d6i ciia & \INYS

[HOH -
R—-Br == R" + Br~ > R—OH + HBr
R = CH, CH,CH,— (CH,),CH~ (CH,),C~
1,05 1,0 11,6 1,2.10°

Uld =

Sy hinh thanh cacbocation di qua trang thai chuyén, trong d¢ lién két da phan cat
mdt phan nén X mang dién tich am va C mang dién tich duong mét phan

R-X - [R%*....X°"]— R" + X~
Nhu vay nhitng nhan té lam anh hudng t6i tinh bé&n cta cacbocation thi cing gay

anh hudng nhu vay téi trang thai chuyén.

Trang thai chuyén dd mang tinh chat cta cacbocation tryc ti€p &nh hudng tdi nang
lugng hoat hda nén cacbocation cang bén, trang thdi chuyén tiép cang bén thi sy hinh
thanh cacbocation cang nhanh. Sy khidc nhau vé kha nang phan lmg Sy chinh la sy
khdac nhau vé tinh bén cia cacbocation.

Song can chi y ring, mot tiéu phan cd ndi nang thap, thi tiéu phan dd cang bén
nhung kha nang tham gia phan dng vdi toc do thdp hon. Do d6 tinh bén phu thudc vao
noi nang ti€u phan, con kha nang phan dng phu thudc vao nang lugng hoat hda cin dé
tao phic hoat hda, nén khi ndéi vé kha nang phan dng can phai tmng mét phdn dng cu
th&. Mot ti€u phan déng thoi c¢d khéd nang phén ¥ng cao ma cling 6n dinh hon tiéu phan
khac.

Trong phdn ng Sy! cling chiu anh hudng cua hiéu dng anchime, hiéu ¥ng cia nhém
bén canh do hiéu dng anchime lam tang duge dé bén cua cacbocation.

Chang han, phan ung: |

~Cl CH40™
CH,-0-CH,-Cl— [CH;-0- CHJr < CH, _0=CH 5] - CH,-0-CH,-0CH,
| Cation tao thanh dugc 8n dinh bing giai téa dién tich duong bang cap electl on cua
O bén canh, goi 1a hiéu tng anchime. Hiéu ung anchime x4y ra & giai doan quyét dinh

tdc d6 chia phan dng cing lam tang toéc dé phan ung.

b) Su chuyén vi cua cacbocation
Cacbocation 14 ti€u phan ¢d nang lugng rdt cao va cdc cacbocation béc khac nhau
ciing khdac nhau 16n vé noi nang nén cacbocation thudng c¢d khuynh huéng chuyén vij tu

cachocation bac thap lén béc cao:
R,C* > R,CH* RCH} > CHj
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Phan Ung nay dic trung cho cacbocation ma gbc va cacbanion hiém cd.

Chang han phan dng:

| 110~ |
(CH,),CHCHCICH,; + H,0 —— (CH3).2CH(I}HCH3 + (CH3)2(IJCHE'CH3
| OH OH
2—clo—-3-mectyibutan 3—mctyl—2—butanol 2—metyl—2—butanol

Qu4 trinh hinh thanh cation trung gian bac hai thanh cation bac ba:
(CH}}ECH*—CHJ“--—CH3 _— (CH3)ZC'+—CH2—CH3 |
bang su chuyén H cung vdi cap electron lién két sang cachon cd obitan trong mang dién
tich duong, goi la chuyén vi 1,2-hidrua. |
Phan tung chuyén vi doi hoi phai dap ting lap thé electron, nghia la obitan cta lién

két C—H phai song song vdi obitan p tréng vi chl ¢é nhu vy mdi ¢d tdong Tac cuc dai:

H
cHy”/ Q

CH, CH, | o CH,

cation biic 2 cation bic 3

Do ¢d chuyén vi nén thudng thu dude ciac sdn phdm cd bé khung cachon khde nhau.
Su chuyén vi cd thé la cac nhém khac, thong thudng la caec nhdm ankyl, gay ra su dong
phan hda mach cacbon trong cdc phan ung.

O™ _
(CH,),C—CHCICH, > (CH;);CCHCH; + (CHy),CCH(CHy),
OH OH
2—clo—33—-dimetylbutan 33—-dimetyl-2—butanol  2,3—dimetyl-2—butanol

Cdac nhdm c¢6 cdu tric obitan song song v6i obitan p tréng cua cacbocation, nhu'hg.
theo hudéng hinh thanh cacbocation bén hon, 1_1ghia 12 v6i nang lugng hoat hda thdap hon:

v §
4w C- ] _(IJ_CH3
C ., H C H
N2 I .
C—(;J—C—-(IJ—H — cation bac 3 (uu tién)
c ' H h ? II{ N
- C—Q—Q—CHZ
| C H
cation bic 2 cation bic |

Trong phan ung trén cd su chuyén vi nhdm mety!l ti cation bac 2 téi bac 3:

HJC Cl T | | CH3 - QH PH3
| I | _ 3 \ ,.--H HS[._;"-..“! + / ] W.C L
HC—C—CoCH, oty " F—er = ST, e Gt
3 3
HC H Haﬁj ({ bH, H,C CH,

33—dimctyl- 2 - clobutan cation bac 2 cation bac 3 2, 3—dimetyl- 2 —butanol
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Su chuyén vi bao gdom su doi chuyén va su jon hda, thudng hai qua trinh nay xay ra
dong bo, su doi chuyén kém theo sy ion hoa... Nang lugng cho sy ion hda kém theo
chuyén vi thap hon ning lugng ion hda tao cation r6i chuyén vi sau. Su gidm nidng lugng
la do su phan b6 dién tich gitia hai nguyén ti cacbon, trong dd cd cacbon bac ba. Nhitng
phan dUng ¢d su doi chuyén x4y ra dong bd voi sy ion hda va lam tang téc do cua ching
goi 14 sy xic tién anchime.

c) Su tuong quan gitta Sy2 va SyI phu thuée vao R

Phén ting SI xdy ra khi tao dudc cacbocation du o6n dinh bﬁng hiéu dng electron
nhu +7 ctta g&c ankyl hay lién hgp bang electron . |

Con trong phan dng S\2, phdn dng di qua trang thai chuyén ludng phan tt cling
duge 6n dinh bang hiéu Ung electron nhu truong hop allyl hay benzyl & trén, nhung
khong duge 6n dinh bang hiéu ung electron cua cac goc ankyl.

Su cd mat cic gbc ankyl lam phan tng x4y ra uu tién theo 5,1 so vdi 52, chang
han so sanh téc do cia mét sé phan Ung sau:

Bing 8.6. Toc d¢ twong ddi cua Syl va Sy2

R = IIILI(SNZ) "1,.1(31]\;!)
RBr +17 = RI + Br~(Sy2) RBr + H,(0 » ROH + HBr(S/)
~Cli, 143 105
—CI1,CH, 1 L
~CI{(CHy), 810 ‘ 12
~C(Cl1y), | 5.10°4 12,100

Két qua trén cho thdy, su tang goc ankyl lam dé dang cho SyI va lam khd khan cho
Sn2. du tang goc ankyl lam chian nguyén tir cacbon lién két vdi nhdm di ra nén lam khd
kkhan cho Sy2, dong thoi ciing lam on dinh dién tich duong ¢ cacbon cd nhém di ra nén
lam dé dang cho Sy I. Nhu vay, phan dng Sy2 nhay vdi hiéu iing khoéng gian hon, con
phan ing Sy nhay vdéi hiéu ung electron hon,

Su tuong quan gitta Sy I va Sy2 phu thuge vao gdoc R nhu sau:

R Sl SN2 R Sn? SN2
bic ba chi yéu hi¢m bdc nhit hig¢m chtl yCu
hic hui XAy T Xay ra mclyl ‘khéng bau gidy cht y&u

d) Anh hudng ciua nhom di ra X
Phan dng SyI cd dnh hudng cua nhdm di ra X tuong tu nhu 6 532, nhom di ra
tuong dng v6i tinh axit cao la nhoém di ra deé cta Sy 1.

Bang 8.7. Toce do twrong d6i cua X trong Syl

(CI13),CITX + CHOM - (CHy),CHOHC, 1L + 11X

X = HsSOT I Br Cl
vy =763 : 10 000131
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e) Anh hudng ctia dung méi

Phan ung Sy1 c6 hinh thanh cation vA anion nén nhitng dung méi lam &n dinh
cachocation va anion lam tang té6c d6 phan tdng Sy I. Thuong dung nudc, hén hgp nuée
vOl axit hitu co, nhu axit fomic. Ndi chung, dung méi ¢d d6 tham dién méi cao thuan lgi
cho Sy I, dung méi c¢d dé tham dién méi thadp dung cho Sy 2, con dung méi aproton ludng
cuc it dung cho Sy 1 hon 1a dung méi proton c¢d kha nang tao lién két hldrﬂ

g) Anh hudng cua xic tac

Lién két C—F bén nhung co thé thé F dugce trong méi trudng axit, khi dé F tao duge
lién két hidro manh véi proton, nghia la nhém di ra 1a HF chd khéng phai la F~ Ton Agt
hay Hg?* lam 6n dinh va phéi tri dugc véi halogen trong da s6 dung moi, lam tang hoat
tinh cua halogen nén dé di ra:

o p——

=C~-Cl + Ag* = [ =C.. Cl... Ag]* > =C* + AgCl
h) Anh hudng cua nucleophin
Ban than nucleophin khéng anh hudng téi téc dé phan dng nhung & giai doan sau,
tuy la nhanh, cacbocation hinh thanh cd thé€ tuong tac v6i cac bazd cdé trong hén hop
phan dng. O day phan Ung x4y ra theo tinh bazo cla nuclenphm cé trong dung dich.
Chapg han phan dng cta fert—butyl bromua vdi etanol 80% & 25°C:

C,H;OH . GHs0H
(CH,),CBr > (CH,),C > (CH,),COC,H, (29%)
| 1,0 . . |
- > (CH,),COf (58%)
-H*
* > (CH,),C=CH, (13%)

3) Héa hoc IGp thé cia SyI

Phan tng Sy1 xay va chu yé&u vdi su raxemic hda do cdu tric cha cacbocation cé cdu
tric phang tao nén hai kha nang tan cong lap thé vao trung tam C*

s
As Br— /
_ _+ = br C-s;\
Ry 'R, )
R3 +/ H H.O | B R, san pham
‘ -~ r T
PC Tfo: 2> ANZC2IB —mod ———m e ————— L raxemic hoa
R.zl \|-| / %\R} R’\f -
Ri . R,' 2 b E C__"Br
cachocaltion ’pﬁciiﬂ_g F?a/
| i

Cacbocation ¢6 tinh hinh hoc phang véi nang lugng cuc tiéu do ¢d su phan bé cic
nhom thé thich hgp nhit déi voi mat phing cuaa Cbpz Nhu vay cacbocation ¢é méat phang
doi xing 1a mot trung tim achiral hay tring anh vat.

Néu nhu chdt ban dau cd trung tam chiral hay khéng trung anh vat sé tré thanh
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achiral hay trung anh vat trong cacbocation. Ciu tric cua sdn pham phu thube vao tac
nhan tdn céng vé phia nao d6i véi mat phang cda trung tdm achiral nay.

&30 |—— sn phim raxemic héa

o
O
+
=
C
lé“
p-—-—-f-ﬁ

i

N

nﬂ'l‘““
oy

cachbocation achiral

[— [ o ——— — [r— - — ————

Néu nhu kha nédng tdn cong cia Nu vé hai phia gidng nhau thi thu dm:n: san pham
raxemic hda v4i d6 tinh khist quang hoe 50%, ching han nhu phan ing:

CH, CH,
R~ c X + C,H.OH —> R— c OC,H, + X~ + H*
C,H, C,H,

(R hay 5) (K +5)

song thudng quan sat duge nhiéu phan dng co d¢ tinh khiét quang hnc thap hon, nghia
la vAn c¢d mot 36 sdn phdm quay cdu hinh.

Chang han, phan tng:

II'_l "Cl— H H | }i-l /H ll-l
H,C—C—Cl —>H, C“C *——O - HSC-?"O\H——* H C—?_OH
ésHs ' Cs Hs H CeHs . Cs H;
R A
§ G —= <D e —> HO—<
et /% CH, " ‘CH, H, 0"7
CsHs - CgH, C.Hs
517 . 49%

(quay céu hinh)  (bda toan cou /uﬂf.r)

chung té phan ung tan cdng sau ¢é uu tién hon tdn cong dién.
Diéu do co lién quan tdi kha nang di ra nhanh hay cham cua ion X7. Néu anion X~
di ra cham sé& can trd sy tin cong vao phia dd chia nucleophin, nghia 14 ¢d méi lién quan
gilta téc dd tAn cong cua nucleophin v4i kha nang di ra cia anion X7,
Qua trinh phan ly C—X x4y ra nhu sau:
R-X — R'X"— R*//X "= R' + X~

cap ion [on solvat jon tw do
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Néu sy tan cong vao cacbocation tu do mot cadch ty nhién thi san pham hoan toan
raxemic hda, con tdn cOng vao cap ion thi ¢d su chon lua ma thudong 12 nghich dao uu
tién hon.

Céu tric cta sdn pham ciing phu thudc vao su chuyén vi ctia cacbocation nhu trong
truong hgp cua cation allyl, tac nhan cd thé tan céng vao cachon ¥y ma khong phai la «a,
nhat la khi cacbon a ¢ nhom thé€ cd an ngit khéng gian 16n. Phan dng nay goi la phan
ing Sy2° cling nhu Sy 1’

T3

3 73 - -
(CH,),N: + ’CH, = PCH - C—Cl— (CH,);N"~CH,-CH=CHCH, + Cl

H (SN,)

CHs O™ | |

CH,=CH-CH-Cl——— CH,=CH-CH-0C,H; + C,H;0CH,~CH=CHC] -
Cl ' Cl
| 30%(Sn2) 60%(SN2)
Cl

C,HsO™

C H. =0 ——s CH =0
Cl—~Cl OCH;  100%(5y2)

Vé hda hoc lap thé, phan dng S2° cd tinh dac thu lap thé, vi tdc nhan Nu tén cong
cung phia véi nhdm di ra:

R _ R
Gy

Nuj K

Nu

(rans (Fany

Ngoai ra, cachocation con cd khad nang loai hidro d& thanh anken, thudng 1a qua
trinh E1 va dac trung cho nhitng cacbocation bic cao, nhat la bac ba. Do do phan dng
SyI ludon kém theo mét lugng san pham anken va it dung cho dan xu4t halogen bac ba.

8.5.1.3. Phdn itng the nucleophin cta dan xudt halogen chira no

Phan ung thé& nucleophin vao dAn xudt vinyl—va phenyl halogenua x4y ra theo co

ch& SyI va Sy2 rat kho khian va ¢d nhitng dac tinh riéng.

Phan dng th& Sy, cia dan xuit vinyl halﬂgenu;‘a xay ra rat kho khan xuAt phat tu cau
truc cda dan xudt da ndi trén. Song ciing ¢d mdt s6 din xuit vinyl halogenua cd thé thuc
hién dudc phan dng thé theo Sy I nhung khéng thue hién dude theo S 2.

Theo Sy1, qua trinh: \

~C=C-X — /C=c*; + X~

-]
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Phan dng xay ra rdt khd khan do lién két C—X bén va cation vinyl hinh thanh cg
nang lugng hoat hda cao. Chang han khi dun ndng vinyl halogenua véi AgNO, trong
ancol trong vai ngay ciing khéng tach ra ket tua AgCl. -

Nang lugng phan cat C—X rit cao: '

CH,=CHC! » CH,=CH" + CI~ AH® = 223 kcal/mol
(CH,),CHCI - (CH,),C* + CI~ AH® = 166 kcal/mol
CH,-CH,Cl » CH,—CH/ + CI™ AH® = 191 kcal/mol
CH,Cl - CH, + CI” AH" = 228 keal/mol

Nang lugng phan cat vinyl halogenua 18n hon ankyl halogenua khoang 16-20
keal/mol va tinh bén cua cation vinyl so vdi ankyl nhu sau
~ ankyl bac 3 > allyl, ankyl bac 2 > ankyl bac 1 > vinyl > CHJ
Diéu kién dé cho vinyl halogenua thue hién duge S 1 la:
— phai ¢6 nhdm di ra that dé;
— nhém vinyl phai ¢d nhom thé& cho electron.
Vi du dién hinh cda phadn dWng nay l& khi ding nhdm thé triflat (TOTf) tach ra o

o

dang anion rat bén:

N\ S N -~ S
/C-_""::.C\ '—4-'_ - ===C-I.,-\+ TIO™ vsi Tf = ____,ﬁ__CFB'
) OTf . 0
(trify] = trilflomectansunfonyl)
CH CH CH CH
N /3 CFCILOH 2 /o
C=C Rk C=C
o~ \ v N\
CH OTf - CH, OCH,CF,

Phan dng xay ra dugc theo Sy I, rdt khd xay ra theo Sy 2 vi ¢d 4n ngit khéng gian
cua obitan x, ma néu cd thé xdy ra thi theo co ché& khédc khong giong S\2, trong dé nhdém
di ra X khong xay ra & giai doan quyét dinh téc d6 phan dng. Co ché nay nhu co ché thé
4 dan xuit halogen thom.

Phan dng thé S I vao aryl halogenua xdy ra rdt khd khidn vi lién két C~X bén va
cation phenyl hinh thanh ¢é nang lugng cao. Cation aryl kém 6n dinh vi tinh am dién
cao ctia cacbon sp®, vi dién tich dudng & trén obitan lai hda sp? nim thing gdc vdi hé
obitan 7 nén khoéng cd su giai téa dién tich duong.

Hinlt 8.6. Cin tric obitan caa cation phenyl.
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Do d6, su hinh thanh cation phenyl rdt khé x4y ra, ngay phan dng thé hogp chit
diazoni va phan dng cta din xudt halogen khi cod xic tdc déng theo cd ché thé
Sandmeyer , vé hinh thdc 14 phan dng th€ Sy, nhung thuc t& cing khong c¢d su phén
tich ra cation phenyl ma qua cac hgp chat trung gian khac nhau.

Cac aryl halogenua ¢é phan ung thé S 2 nhung ¢d nhiing dac tinh riéng.

Do cdu tric cta aryl halogenua nhu di ndi trén, phan dng thé Sy 2 xay ra khi trong
nhan benzen c¢d nhom th& hit electron nhung co ché xay ra theo co ché hai giai doan

(ankyl 14 moét giai doan):

Cl
pL
CH;—Cl + Nu — > CHP\I\__]-_‘ (cham)
CH; —— CH¢—Nu + CI7 (nhanh)
\Nu

Sy tdn cdéng cla Nu~ vaoc nhan [a tdn cong bén (hay la tdn cong ipso) dé& tao
cacbanion, sau dd tach X dé& cho san pham:

Nu x
+NLI— — T ———i. = u

- Khéc vai Sy2 trong ankyl, co ché Sy2 cua ankyl halogenua di qua trang thai chuyén
phdi tri 5, con phan dng th& clha aryl halogenua di qua giai doan cong dé hinh thanh
cacbanion cd cacbon bi tAn coOng la Csp3' Trang thai trung gian goi la phic Meisenheimer,

cé cdu tric tuong tu phic o khi thé€ electrophin vao nhan thom nhung mang dién tich

am. Su tdn céng trude cia Nu d€ hinh thanh phuc Meisenheimer 14 giai doan cham, quyét
dinh téc do6 phan dng. Giai doan sau la tdch nhém di ra, 1a giai doan nhanh, do dé nguoi
ta goi co ché& nay 1a co ch& cong—tach hay co ché S,2 thaom. |

Kha nédng phan dng phu thude vao do bén cha cacbanion, ciing nhu cua trang thai

chuyén:

>.< IE
G|~ Qe

Do d6 phan tng nay duge xic tién khi ¢d nhom thé hit electron, nhu NO,, N'R,,
CN, COOH, CHO,...

Phan ng hoat déng nhat khi nhom th& & vi tri ortho—para déi véi halogen do hiéu
ing —I hay cong hudng:
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——

Ny Cl N | Nu N 3
O, 4+ Nu ..5,[\]02 Efrmjz ijﬂ NO, _NE § EN"""'O ¥
B - ~
| o4

(bén 11h§'t)_l
% Nu Cl N I Nl{ & Nu |
| Mo v
o O 0 0
| ;
N, NO, NG, . NG, /N\
(b&n nhit) S /¥ Oy
con & vi trl mefa, phan dng xay ra cham hon. '
A
N~
[Ar:“c:j ] -
u
]

Oy

N

RN

X

N INu+ Ar—Cl

Ar—=Nu +:€[™
=

Joa ¢ phan u;?j

Hinh 8.7. Gian dd ning hrong cna phian @ng th€ Ar—X.

Chang han nhu cdc phan dng sau: | -
cl - OH

NO,  NaOH 15%, 160°C | 0,
- 4
C! NHNH,
NO; NH,NH NC,
>
l[]
NO, NQ, -
2 4 —dinitrophenylhydrazin
Cl OCH,
CH,0O
-
CH; Ol

NG, NO,
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" _ — o

0N NO, H0,20°C_ _ Q,N _NO,

D&i véi dan xudt halogen khéng ¢ nhédm th& —7 hay —C nhu trén, phan dng khong
xay ra theo co ch& Syl hay Sy2 ¢ trén ma di qua hgp chit trung gian "benzyn hay aryn”.
Phan dng doi hdi diéu kién cao

NaOIl, 350°C
—~Cl >
_ | Ap suat

Thuc t& phan dng di qua hai giai doan: tach HX dé& thanh chit trung gian benzyn va

giai doan sau la céng nucleophin vao benzyn:

X . B \'-I - NHZ
| - NHY 5
v (O] 2
| NH, NH,

| (benzyn, aryn)
Nhu vdy phan ing 15 tdch-cong hay goi la co ché aryn.

H

Benzyn co cAu tric cua
lién két ba trong nhan nhung-
co sdc cang ldn. Su tao thanh
lién két x khi tach HX 1a do
su xen phu cta hai obitan sp?
(goi 14 xen phu ngang) nim

trén mat phang thang goc vai lién két x
thdm”

xen phu T
hé xen pha x cta nhan
benzen. Su xen phu nay yéu
hon va khéng cd tudng tac gi
v3i hé s benzen, nén benzyn
12 chat trung gian rit hoat

dong. - Hinh 8.8. Cau tric obitan CIITIH hénzyn.
Qua trinh tdach bao gom
hai giai doan. Do tinh axit cia benzen (pK, = 40) cao hon ankan (pK, = 50), khi cc
halogen tinh axit cta hidro tang lén, nén khi c¢d bazo manh nhu NH; thi cd thé tach H*
d giai doan dau, sau do la su di ra ctia X™;
I | I
H -
_ + NH, =—- + NH,

I

S0
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W

Déng luc thie didy cho phan dng tach halogen la sy hinh thanh anion halogen bén.
Qua trinh céng ciing bao géom hai giai doan:

Ca hai giai doan nay déu xay ra nhanh. |
Phan tung cdéng vao ndi ba cia benzyn cd thé xay ra d hai cacbon, nén cd thé thu
duge hai san pham khac nhau. Tinh chdt nay dugce nghién cidu bang clobenzen cd HC:

do:

- NH,
N
- iy > .

NH,

-

+ NH, — .

' H,N
- Ot
~ NHg

Né&u chit ban dau da ¢ nhdm thé thi sé thu duge hai sdn phdm:
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Phan ting phu thuoc vao ban chat va vi tri nhdm thé Chang han, cac trusng hop
sSau;

- Khi hai vi tri ortho déi véi halogen da bi chiém thi khong c¢é phan ng:
Br

"y NHy- '
CH;0 CH, » khéng phan Gng
,. NH,

Cac nhom thé thé hlen bang hiéu dng hut electron, khéng cd hiéu ung cOong hudng
vi khong dam bao tinh déng phang, do d¢ : |

Vi oz

CH, OCH, OCH,

J
Br _ Br _
NH; Br- O
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OCH, .__
oo IS
z 9\
+ NH — OCH, “NH. O '
OCH, z NH,
~Br >'/\ @I +NH;

OCH,

O K @ﬂ% :

- Trong phan dng trén, benzyn ciing ¢d kha nang dime hda, chdng han:

f\lle r}"z .
, | : . 5 ,
COQ H (:qnt' JONO COZ CICH,CIL,(l | - Y.
RS — 1 ]
H*, e 10
. L- =
axit antranilic - o (21-30%)

8.5.2. Phan dng tach E

Phan dng tach cta din xuidt R—X tao thanh anken bang cach tiach phan tu HX cua
hai nhom di ra H va X qua cdc trang thai trung gian khdc nhau nén co cac co ché khac
nhau: E2, E1 va EI_, ma bd qua cidc co ché trung gian cia ba co ché gidi han do:

B
BH HO™
.1(_ I E I I ‘
_Ek —C=C— ~C-C*
| "
X | X%~ H
‘\B__
El, E2 El
~ & N~
~c-ct  — _C=C_

Hﬁ X
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Phan idng tach HX ti X dinh & cacbon 1 hay « v8i H & vi trf 2 hay ﬁ nén phén ung
tach goi 1a tach 1,2 hay tach §. . . . .

8.5.2.}'. Co ché E2

1) Co ché |
Phan dng x4y ra do su tdn cong cla bazo vao H déng thdi vdi nhém di ra téch ra
khoi phan td dé€ cho anken: |
H R C,H Ol
ﬂH{C{C—@ . R-CH=CH, + BH' + X~
Phan ung di qua trang thdi chuyén ti€p ludng phan tu bing su tdn cOng cua bazg

B:

vao H dé tao mdt phan lién két B... H, dong thdi nhém di ra X cing phan cit mét phan
C..X va lién két C—C ciing bat dau hinh thanh mét phan lién két doi:

H CH,
C,HsO" + CH,;CH-CH, — C,H.0°T. H.. c__.C Bf"_.
Br HH

rang thai chuyén tiép

= k[C,H 07 ][CH,CHBrCH,]

3 - -
}E’ + CEHEGH+B:‘
]
'\tu-l
=
H—C"—L;-‘—-Br'
H CH;
+
CH3;CH,0

Toa d6 phan u’r}j

Hinh 8.9. Giin d6 nang lwong cha E2,

Téac nhan 1a chit cho electron, ¢d thé€ 12 anion hay phan td trung hoa.co cap electron
n, phan cat lay H d€ thanh phén ta trung hoa hay ti€u phan mang dién tich duong.
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MNhom di ra la cac halmgen di ra duéi dang anion halogen, con nhdom di ra la cation
thi di ra dudi dang phan tu trung hoa.
Phan dng tach clia din xuit halogen goi la phan \ng dehidrohalogen hda theo co ché
E2 ¢é nhitng dac tinh sau:
e Phan ung la lugng phan tu, téc dé phan dng phu thudce vaoc ban chéat va noéng do
cia cd hai tac nhan.
| e Tac nhan t&n céng vao hidro nén phu thudc vao tinh bazo cta nucleophin. Tinh
bazo cang l6n, t6c dé phan Ung cang tang.
e Nhom di ra X dudi dang anion X~ nén anion cang bén thi nhém di ra cang dé.
Trong cac halogen, kha ndang phan dng giam theo thu tu:
R-1I > R—-C] > R-Br > R—-F
o Anh hudng clia goc ankyl trong chiat ban dau cling tuong tu nhu & phan dng SN:mm_w
Dan xuat bac ba > bac hai > bac nhat.

Cac nhom ankyl lam tang tinh bén cta anken hinh thanh cing nhu lam tang tinh
bén clia trang thdi chuyén da cd ban chit noi déi, nén tang nhdm ankyl lam tang toc dé

phan Ung.
e Phan tung cd hiéu dng dong vi rong, chang han:
C,H O™
¢ H,~CH,—CH,Br ——— C,H,CH=CH, + C,H,0OH
C,H.~-CD,-CH,Br - C H.CD=CH, + C,H.OH
kytkp =7

2) Hda hoc lap thé

Phan dng tach thuc hién duge khi hai kién ké&t cia hai nhom di ra nam trong mot
mat phing. Tinh dong phing nay dat dudc khi hai nhdm thé& & vi tri anti hay frans hoac
& vi tri che khuit nhau:

B )
I X)
| |
| H
y ¥
I |
l
I
X
“Iich ani hay frans Tach syn

Trong phan dng E2, phan ing dbdi héi tinh lap thé electron, nghia la cac lién két cua
nhom di ra cin phai ¢ vi tri an#i hay trans voi nhau nén gei 1a tach anéi hay tach trans.
Tinh hinh hoc frans cho phép cap electron 6 Cy tdn cong vé phia nguge lai caa obitan
phan td cda lién két cita nhdm di ra § C_. Tinh hinh hoc nay lam thuén lgi cho nhu ciu
electron clla qua trinh. Tinh dong phﬁ;‘lg trans cua hai lién két chit ban dau bi phan cat
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trong phuc hoat hda dam bao cho su xen phi cuc dai cha obitan p d& hinh thanh lién ké&t

T
~ # .
B Bs
B: \ —)
H . H H H\ |
b H “‘ _.“'. ) ,""f'
':c_.:(f/ I PN e g _C=C_ hay__‘,a_c'f)
/ \ / . . | - / t \x
X 4 X:
t4¢c nhan trang théi chuyén s phim— -
Lién két T
hink thdnh mdf phdr
P
Obitarn lai hod
= g Cp— Gy
Obifan lar hod
‘971'.5.!’(? CSF — %F x
Cilu triic obitan cua trang thai chuyén £2 vd mo hinh lip thé
Chang han, phan ﬁng-tﬁch EZ2 cia igﬂprqpyl bromua thénh propen :
H 8 _ Br -
. e r H =12
H"'} . _"E-,- " ~ - -
R ReeH, | HSC Ceh, ——r-H;f[c—; . :_-I:Hs + CH;OH + BF
CZHEO d H ~ ’ H ( a E J : c
_E:?.HSO - lién két T
<Br - gl - rérn fé}‘:«r
@H — | g Bt | — HebdeH -
H,C N H S TH,CTY Yt GHOH +Br
A e d
CZHEO'-’ . C?_HSO ) |

chiit ban diu tich ansi

phire

hoat héa

. propen
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3) Tinh dic thu lap thé cha E2
Phan dng E2 cd dac tinh lap thé, tu moét dong phan lap th& chi cho mét san pham
lap thé&. Su doi hdi electron & trén 1a co s& cho tinh dac thu lap thé:

H H\ Ce Hs |
arits o H @ Cﬁ Hs kféfn} ? _
—HBr | - fao Thark
CBHE HJC Cs Hs 8 /C\ S:?E plrsirr
-5B r—g-—H — iS5 1.2 di pherylproper:
f . Bry H,C\ /CaHs * :
CsHs | sy kiém . khing teo thank
_ - —> I , ir
. Hac H ~HBr C safr phidm
I !Jr'ﬂﬂ'? g cﬁfpﬁfﬂjf HECE C H s N S
propan 6" 1S H 5 Cs H

Arans- 1.2 diphernylpropens

ciing nhu phan dng tach ctia dan xuit dihalogen:

H H
% H C H H CeHs Br._ H C.Hs Br |
Do . |
CoHs § B G, Hs Br  CeHs Br CyHy Br
- @ Ce Hs | H
(IR, 2R)- 12 —dibrom— ciiu dang anti H—Br cAu dang k€ H-DBr

1,2 —diphenyletan

H CHs CeHs . B

/7
CEHS Br | Br : CEHS

i
i

(Z)—1-brom-1,2—diphenyletylen
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| C:H Br
H C,H Br 6" 5
H\ E"_I/CE Rs ‘. S
;—C —C - Br CEI_% Br Cﬁ Hs
Br-: l \Br Br‘ CEHS H
T diphenyletan | cdu dang anti: H-Br éu dang k& H-Br

i

/

H Ce Hs - Br\ H
Bi | /C=C |
Br CeHs

(E'}-1-brom-—1,2— (iii)ilenyletylen
Phan dng tach anti cing thé hién trong cac dan xuidt vong no, chang han,

1 ~brom—4—tert—butylxyclohexan cd déng phan cis phan dng vdi natri etoxit trnng
etanol cho 4—tert—butylxyclochexen nhanh hon déng phén irens nhiéu:

r r
\
C,HsO™ C,HsO™
| A -~
nhanh chim

Dan xuidt halogenxyclohexan c¢é cdc ciu dang v6i nang luong khae nhau, trong do
phan dng tach xay ra khi Br la lién két axial (a) cung véi hidro ¢ dang enti cing la exial:

hidro téich véi Br hidro khong tach
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Nhu vay chi cd dang cis 1a ¢d kha ning phan dng lén nhat.
O trang thai cdan bang, dong phan cis—1—brom—4—tert—butylxyclohexan cd 99,9%

cdu dang co Br lién két a:

Br

Br

AGY = 4,5 keal/mol

con dong phan trans chi ¢d 0,01% cdu dang cé 'B'r lién két .

Br

Br
AGY = 5,5 keal/mol

Mat khac, dong phan cis mdi co hidro lién két @ nén cd phan dng tach E2, cén dong
phan trans thi khong ¢d hidro lién k&t ¢ nén khoéng cd phan dng tach. Dong phan frans
chi cd thé€ tach khi brom la ¢ nhung su nghich d4o nay doi héi nang lugng cao.

Phan dng trén ching té phan dng tich E2 1a tach #rans, con cadu hinh clia sdn pham
phu thudc vao ciu dang chit ban dau.

4) Cdu hinh cua anken tao thanh

C&4u hinh cta san pham la cis— hay frans—anken phu thudc vao.niang lugng hoat hoa
cua trang thai chuyén: déng phdn nac doi héi nang lugng hoat hda nhé hon thi doéng
phan do wu tién hon.

Trong phuc hoat héa E2, hai
nhém di ra da cé thay d6i trang Fyom ge-
thai lién két cho nén lién két C-C :

trong trang thai chuyén di cd ban 1 H H

chat gan téi lién két d6i. Nhu vay, Z e ucwz’ hay 27-3
tinh hinh hoc cia phic hoat hda A EH\'Z* 72 EE 1
giﬁ‘ing vGi tinh hinh hoc cta anken X&- X &

co cdc nhom di ra & trong cung
mot mit phang (xem hinh bén).
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Nang lugng hoat hda ctia phic cis cao hdn phtc trans, nang luong trans—anken thép
hon cis—anken, do dd, uu tién cho sdn pham ¢rans.

.. HBr
CH,CH,CH,-CHBr—CH; —— CH,CH,CH=CHCH, + CH,CH,CH,CH=CH,

Br
@C Hs —1 IBI‘ . :®: 18% cis—penten
H <P CH, HA T ey |

H
i
Br

HC H | H.C, H sio s - S
—HBr 4 t IRk rans —penten
H $ CH; > H CH,

Phan dng tach cis cd thé xdy ra khi su phan b8 cic nhém di ra khéng ¢ thé nhan
cdu hinh trans; chdng han trong trudng hdp ctia cic hop chét vong:

CHs
CE HS

(0}13)3(:01(+ Ij/c H5 d
H o

90%
1—-phenylxyclopenten

OTs

hay trong nhiing truéng hgp ma nhdm di ra dong thoi 1a bazo nhan proton (xem chuong
sau). |

5) Huéng tach HX: Quy thc Zaitsev—Hofmann

Khi dan xudt halogen c6 hai loai hidro & hai cachon $ bén canh, phin ing c¢d su canh
tranh gilta hai huéng tach theo hai quy tdc: Zaitsev va Hofmann.

Dai da s6 dan xudt RX tuan theo quy tac Zaitsev. Ching han, phan tng:

vao Cﬁ—H |
> CH,CH=CH-CH,
PII Blr | I'I C,H, O | | 2-buten (81%)
H-C - € ~ C—CH, -
. | vio Cg—H
BY H HY P~ CH,CH,CH=CH,

1-buten (19%)

San pham trén cho thdy, 2—buten la anken cd nhidu nhom th& hon nén san phdm
tudn theo quy tac Zaitsev, 1—-buten la anken cd it nhdm thé€ hon 1a sdn phdm tach theo
Hofmann. Phan ung trén uu tién theo Zaitsev, song trong phin tng tach hai huéng nay
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luén canh tranh v6i nhau. Quy tac Zaitsev tao thanh anken bén vitng hon vi cdc nhom
th& lam 6n dinh lién két dai 16n hon, cd thé ndi xu hudng tach HX tu HX la tao thanh

anken 6n dinh hon, anken b&n hon vé nhiét déng hoc. |
Ty 18 giita hai SAn pham Zaitsev va Hofmann thay d6i phu thudc vao ﬁhﬁng yé'u- t6 sau:
e Khi chit ban dau c¢o kho khan khong gian cho su tdn céng hidro theo Zaitsev thi
tang ddn sidn pham theo Hofmann:
i B C,HsO-
CH3—(!}—CIJ—CH3 > CH, C C CH, + CH, CH C CH,
H,C CH, C2HsOH ‘H, C CH3 (79%)  H, ¢ CH3 (21%)

H,C H CH, CH 0 H,C EH3 HB(E . ?H_3 o
CH3-¢—¢— —CH, > CH,~G~CH,~C=CH, + CH,~¢~CH=C—CH,
H,C H Br  25%7  HC CH,
86% Hofmann 14% Zaitsev

ching té khi dua thém cdc nhdm thé vao C, va Cﬁ déu tang ham lugng thé theo
Hofmann. .
e Khi tang thé tich cta bazg, tang sidn phdm Hofmann:

C,H. O g CH3CH2(_}H=CH2 (19% Hofmann)
CH,CH,CHBrCH,

(CH3 )3 CO- > CH CH2 CH — CH (54 % HUfIl]E:II]I]J

Hai yéu t6 trén thay dugce trén co s¢ trang thdi chuyén, khi tang thé tich cia chat
ban dau va thé tich cha bazg, trang thai chuyén theo Hofmann tré nén thuan lgi hon. '

H... Bt - | HB

:_Hac CH;R | H,C CH,
. H H o R H

A | | X

‘e Trong cac halogen ty 1& Hofmann giém tit v dén I:

H< O~ |
CH,CHCH,CH, —2-- —, CH,CH=CHCH, + CH,CH,CH=CH,

|
X “HX (1) @)
X = - F Cl Br )| | '
Tyle (1/2) = . 0,45 2.0 26 4.2

8.5.2.2. Co ché El

Tuong ty nhu Sy1, phan ﬁng di qua hc:p chat trung gian cachocation:
~
cc—c —» >0—¢ — 2C=C(+ BH

] g
~-X H - --H
X H_, I (->- _
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O phan ung El, ﬂbltan p cua Ct va hen két C—H di ra phai nam trong cung mat. phang

| - H
H ,,,Q ~H* H y H |
;,,,,h_‘ — T e g
H

Dai da s6 phan dng El cling xay ra theo hufcing tach Zaitsev va anken thu dugc uu
tién c¢d cdu hinh trans:

' CH,CH,CHB:CH, - CH,CH=CHCH, >> CH,CH,CH=CH,

TFans > Cis

San phdm phu thudc vao nang lugng hoat hda cha phudec, vu tién theo phdc c¢d niang
lugng hoat hda thap nhat: - I . .

— -+ — -EH 1+
H CHy | — san phiim cis H CH; | ——sin phim trany
1 H,G
_H C Hs_ Rk H |
phirc cis | plu"i'c trans

Phitic hoat héa frans bén hon phic hoat héa cis do trong phie cd hai nhom & vi tri
ké nhau lam tang nang lugng clia phic. Do do anken hinh thanh theo Zaitsev, chu yeu
la trans—anken.

Tuy dai da s6 trudng hop, phan dng tach EI 1 tudn theo Zaitsev nhimng cung co
trudng hgp tach theo Hofmann uu tién hon phu thude vao trang thai chuyen a

CH, | CH,
(CH);CCH,~C~-Cl —> (CHy),CCH,C* —
CH, CH3
—-> (CH,),CCH=C(CH,), + (CH3)3CCH C=CH,
()  (9%), Q) CH3 (bl%)

Hgp chat (2) hinh thanh tit phic hoat hda ¢6 nang lugng thap hon nén la san pham
vu tién hon la (1) hinh thanh tit phic hoat hda ¢d nang luong cao hon:

fE'f‘f-C.ﬁ_HE_CHz'. CHS "——-;-"(2)

Fuong fae H3C CH5 —= (7) H H

fﬁﬂﬂ/? ford C_i Hs H

1

phirc hoat hoa ¢é niing lwong cao phirc hoat héa cé niing logng thip
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Mat khac, phan dng E1 ed su chuyén vi cacbocation, do dd cd nhiéu sin phdm tach hon:

C\Ha | _. /CH3
CH;~CH-CH-CH;, —— CH3-—C-—-CI-I+—CH3 > CH,—-CHCH=CH,
| [ /
H,C Br a H ” f | . |
- CH3(II=CH—CH3
CH:,,—(;J’—CH20H3 __l: CH,
CH, CH,= ?CHZCHE
CH,

Sy chuyén vi cachocation thudng la chuyén vi 1,2—hidrua (nhu phan @ng trén) hay
chuyén vi 1,2~ankyl, nhu phén ing tdch neopentyl iodua trong axit fomic: |

CH3 ) CH3 |

| . -H*
CH3-—C—CHZI > H C— C CH+ —> CH C+—CH CH —_—

| HCOOH

CH ' CH CHS_

3

— CH,—-C=CH-CH,
CH,

trong trudng hgp nay, sy ion hda kém theo chuyén vi gbc metyl cliing véi cap electron
hoa tri tu Cﬁ téi C, dé tao thanh cacbocation bac ba 6n dinh hon.

8.5.2.3. Co ché El ,

Co ch&€ E1_, ciing l1a phan dng tach 1,2 hay tdch §3, trong d6 giai doan nhanh la tach
proton tao thanh cacbanion, con giai doan chuyén cacbanion thanh anken 1a giai doan
quyét dinh téc do phan dng. Phan tdng EI_, thudng canh tranh véi E2, nhung vi
cacbanion kém bén nén it gap hon E2:

H
R l -X7
K T O fox = e

Phan tng la bac nhit déi véi chdt ban dau va cling 1a phan dng don phan t& vi phan
ing cd giai doan quyét dinh téc d6 chi tham gia ¢é mét ti€u phan. Chidng han, nhu nhiing
phan dng cua 1,1-diclo-1~dogteri—2,2,2—trifloetan trong DO~ va CHCI; trong HO~:

Cl F
DO- !
DCCi -——CF -— Cl-C™— CF -F — }J—-—=C_ +
DZO | /7 I
Cl Ci F
% or '
H-—Cll Cl =——= Cl- C“ Cl —> C1-C—Cl »
Cl HO Cl :

Phan dng theo co ch€ EI x4y ra hiém hon E2, song cd thé phan biét co chd EI,
vii E2 bang phudng phdp danh d4du déng vi.

Khi phan 1dng xay ra theo El - tao thanh cacbanion trung gian nén déng vi nang cd
thé di vao chdt ban dau, con E2 la qud trinh déng boé nén déng vi khong cd trong chat
ban dau:
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H D
L KOD !
- C-X—— —C—X  khing xdy ra
' GHs0D
Vo DO~ D,0 ¥

""‘C C X—:-—C—CX — CIICX+DO'

Phéan dng E1 chl xay ra khi cd khé. nang tao duge cachanion 6n dinh hon, nghia l1a
dién tich am duge giai toa bing cac nhom thé& hit electron nhu CN, CO, COOH, dinh vai

cacbon bén canh. |

Sy khac nhau gifta ba co ch& trén xudt phat tit khi nang phan cit va tao thanh lién
két, trong d6 E1 ¢d su phan cit truéc X di ra dudi dang anion X~ dé thanh cacbocation,
E1 , cd6 su phan cat trudec H di ra dudi dang H* d€ thanh cacbanion, con EZ cd sy phan

cat vé tao thanh lién két dong thoi.
8.0.3. Quan hé¢ giva Sy, va E

Hai phan ing thé va tach bao git cing cd thé xay ra song song va canh tranh nhau.
San phdm uu tién la phu thum: vao céu tric chdt ban dau, ban chit nucleophin va digu
kién phan dng.

O day cd su canh tranh gita Sy vA E nhu giita E1 v6i Sy 1, giita Sn2 va E2 ciing
nhu gitta S 1 va S\2, gilta E2 va E1. | -

Co thé so sanh mét s6 digu kién ti€n hanh mot s6 phan dng Sy va E.

Chat ban dau Nhom di ra Nucleophin Phan l'il-lg chinh:
HO-, RO, CN™ g”;
R-X - X© NH, S 9 éN )
H,0, ROH N< a4y ra qua
cham
HO , RO, CN™ S\2 > E2
R,CHX X" NH, | .
H,O0, ROH Syl > 832
| HO , RO, CN E2
R,CX X~ NH,
H,0.ROH Syl

Tu két qua trén, cd thé riat ra moét vai két luan sau:

e Chit ban dau RX: Su th€ 8 C_ lam tang kha nang phan
nhung lam dé dang cho phan tng E1, con SnI yéu hon E1.

Su thé & Cj tang phan ing tach E.

Céac nhdm thé hit electron & Cﬂ lam tang tinh axit cta hidro lién két vdéi Cﬁ lam tang

kha nang tach E1

ung £2 16n hon la Sy2,
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e Hoat tinh cua nhom di ra X trong chit ban dau thuc t& it khac nhau trong phén
ung E va Sy. Su tach mét nhom xéac dinh nao do uu tién E1 hon E2.

Nhom di ra dé thi wu tién Sy hon E. Dic biét F la nhéin di ra dé cho phan dng tach
El

b |
e Cac bazo manh lam tang kha nang tdach hon thé’, trong do uu tién tach E2 hon la

El.

o Su tang nhiét do ludn ludn lam tang phan dng E hdn la phén \ing thé.

e Trong dung mdi phan cuc hon, phin iing S 2 x4y ra uvu tién hon phan dng E2

Phan dng Sy2 thuong ding dung dich KOH trong nudce, con phan dng E2 thudng dung

KOH trong ancol _ | -
e Cacbocation cho mot lugng phan dng thé lcin hon 14 phan dng tach (SNI > El) va

khong nén thay doi ty 18 nay bang cdch thay déi dung méi.
e Dé& diéu ch& anken, ding phan dng E2 hon la E:! vi E1 kem theo san pham dung

phan hoa.
8.0.4. Phan ung vdi kim loai

Cac ankyl halogenua ciing nhu aryl halogenua rit cé kha niang phan dng véi kim loai;
thudng diung Li va Mg. Phan dng dugc thuc hién bang cdch dun ndng kim loai véi dan
xuit halogen trong ete hay hidrocacbon: S

cle

CH,CH,CH,Br + Mg — CH,CH,CH,MgBr
thuong dung dan xuadt RI va duge hoat hda bang L,.

Phan ding thyc hién bang cich thém din ddn xudt halogen vao hon hgp kim loal va
dung moi, cAn chu y Ia khong cho qua nhanh va khong qua du vi lam gidm hiéu suidt cha
phan dng, Mat khdc can tranh sy thAm nhap cia hoi nufdc (do thay phéan) va uxl khong
khi (do tao peoxit). -

Phan dng ctia ankyl halogenua v8i kim loai la phan dng di thé, xay ra trén bé
mat phan chia hai pha khac nhau. Ankyl halogenua trong dung dich phan ung véi Mg trén
bé mat Mg ran, do dd, dign tich bé mit va ban chit ctia kim loai ddc biét quan trong.
Trong phan dng véi Mg, thudng dung Mg & dang bot hay vo bao. CU ché& bao gdm nhiéu
gial doan: (

R-X+ Mg->R*+ X- -Mg
R®* + X - Dﬁ[g -» R— Mg—}{S |

Phan 1ing cta RX trén bé mats Mg tao thanh géc R® va thanh phan XMg—td hop trén
bé mat kim loai. Géc R* phan tng véi XMg*® tao thanh san pham RMgX. Sa’m pham phu
hinh thanh tu géc R*® do phan ing dime hda hay chuyén khéng can déi. -

Cdc ankyl halogenua thdp cho hiéu sudt cao téi 90%. Phan #ng ctia din xuat clnrua
cham hon, con to6t nhit 1a dan xudt iot. | o

Li phan #ng vdi ddn xuit halogen tuong tu nhu Mg trong ete theo co ché géc:
ete | -

CH,CH,CH,CH,Br + 2Li » CH,CH,CH,CH,Li + LiBr

Nhiéu kim loai ciing phan dng véi dan xudt halogen tao thanh din xuit co kim nhu
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- C,HsZnl, CH,HgCl, tuong tu nhu Mg hay Li n]:rung hgp chit co Mg vacd Li théng dung
h{jn S - : -i.t' LT
Cac aryl halogenua ciing phan dng v6i kim loai tuong t1_1 nhu ankyl halogenua |,

ity

- Br Mg Br
Q== Q
" ' MgCl
@ Mg, THF @
-
| | Li

2Li, ete
— + LiCl

nhung t6t nh4t 13 dung phan ing:

@—Br + C,HLi ——= @‘Li + C,HyBr

Lién ket C—Me trong hop chét co kim cd thé 1a ion hay cong hda tri, phu thuéc vao

da cong hudng:
[C—Me =<=—> C7 Me") |
Cac ankyl liti 1a ion manh, d& béc chdy trong khéng khi hay tlEp xdc véi nude, cd
kkha niang phan wng cao, con RMgX da bén, cd kha nang phin dUng cao va duﬂc dung

nhidu nhat:

.'1*- Iy i'l

[—C Mg—X*H-—C Mg*X]
con R—Mg—R rit bén Ia cong hda t1‘1 khéng phan dng véi nudc hay dung mﬁl hitu co.

8.5.5. Phan ang. dac trl:rng cua din xuét halogen |

¢

Thuing dung phén ing khu theo Beilstein hay bang phan dng khu bang Na trong
rugu, dong thoi xac dinh jon X~ bang nitrat Ag trong mdi trudng axit.

Céc lien két C—X cd pic hdp thu dac trung trong phé IR :

C-F d 1350- 1000 em'l, C—Cl & 800 600 cml. C—Br va C=I & tan s6 thﬁp hon nﬁm
ngoai viing cla lang kinh NaCl o L

Trong UV, cic R~X c¢d pic hdp thu rdt y&u (¢ = _300): din xuﬁt Cl - 172 nm,‘
Br—204 nm 1-257 nm, | ~ -

Trong céc hgp chit vong, cdc nhdm thé bién e co tﬁn sb hap thu cao hcln g vi trl a,

cho phép dung phd IR dé phan biét halogen & hai vi tri nay, chdhg han C—Cl & vi trf e
la 800 cm! con & a 1a 700 em!. Hiédu ting phan chdn cia cdc halogen 1am chuyén dich
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tin hiéu cua cdc proton ¢ cacbon chuyén manh v& phia trudng yéu dén 3 ppm.

Trong ph8 1—iotpropan proton cia nhém CH,I cd triplet (J = 6,8 Hz) trong vung- -
3,17 ppm. Proton nhém CH, cho hexylet & ving 1,86 ppm, cdn nhém CHj cho triplet &
vung 1,02 ppm.

1,86 |
H,C—CH,—CH,—1
1,02 317

-
b
& -

ppm.

Hinh 8.10. Pht NMR ctoa 1-iotpropan.

8.6. DAN XUAT FLO
Dan xuat flo ¢ nhitng tinh chét rdt dic biét va cd nhidu tng dung trong ky thuat.
Din xuit flo thudng thu duge & dang dan xuit flo hodc hoan toan, goi l&_perﬂn.
Danh phép ctia din xuit flo cling gidng nhu dan xuit khéc:
CF,;—-CF,~CFCI-COOH | CF,-CHF-CHF -CF,-CF;
axit a— cloperfiobutyric " 2,3~ dihidroperflopentan

8.6.1. Phuong phép téng hop

1. Flo hoa hidrocacbon
R-H+ F, » R—F + HF AH = —104 kecal/mol
Hiéu t#ng nhiét 16n phan cit lién két C—C, do dd ngudi ta cho hén hop khi RH pha
loing bing nitd di qua ludi dong phi bing Co hay Ni. Luéi dong dé dan nhiét va
triflocoban phan dng v6i RH trén bé mit dd, con flo téi tao ra florua coban:
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R-H + 2CoF; — R~F + 2CoF, + HF
ZCDF + F — ZCUF

Dé thé€ H bang F thuang dung truc t1ep CDF3 (hay NiF,, MnF ).
2. Flo hoa dién hoa

Dién phan dung dich cla axit hay amin trong HF khan sé thu duge dan xuit th&
hoan toan cadc nguyén ti H bang F:

-
(CH,C0),0 — 2CF,COF
HF
(CH,),N > (CF,),N

3. Thay thé clo bang flo

Clo trong hdp chat hitu co dude thay thé bang F khi tac dyng véi Sb¥- hayAgF—z-hB&c
HgF, khi dun néng, nhét la din xudt triclometyl: -

R—CCl, + SbF; - R—CCLF + SbF,Cl
Ar~CCl, + SbF, -» Ar—CF, + SbCl,

Nhitng nguyén t clo linh déng trong axit hay etylenclohydrin dé th& bang KF hay
NH,F trong dung méi phan cuc.

4. Thé cac nhdm chuc bang flo |
Cac nhém chic OH, CO, COOH trong rugu tic dung véi SF, sé th& bang F:
'RZC=O' + SF, — R,CF,
R-COOH + SF,— R-CF,
0. Cong HF vao lién két ngin hay epoxy
!
>C=CT+ HF - >CH—CF
H,C-CH, + HF - HOCH,—-CH,F
N/

6. Diéu ché& dan xuat flo chua no
| Clch - Ccml + Zn - CICF=CF2 + ZnCl2

600-7500C ' | B
(CF,—CF.). > CF,=CF, + CF,~CF=CF, + (CF,),C=CF,

6400C
SHCCIF, > 2HCI + CF,=CF,

Phan dng sau xay ra qua hgp chdt trung gian diflocacben.

8.6.2. Tinh chait cGa din xuit flo

Nhiét do séi cua dan xudt monoflo cao hon hidrocacbon khéng lﬂn ‘ddn xudt polyflo
lai c6 nhiét d) s6i thdp hon hidrocacbon, ngoai trit thanh phan dau trong day dﬂng dang.

Su thay d&i do ching td tuong tdc yéu giita cdc phan tl trong cdc hop chidt perflo.
Sy thay ddi nay manh khi chuyén ti nhém chie tdi perflo, chdng han axetonitrin cd £

—r—

= +78C, con perflo axetonitrin cd ) = —649C, _

D6 khiic xa nguyén tit caa flo trong hgp chit co flo khéng d8i va dao dong tu 1,2
dén 1,046. Gia tri nho dd ching té do phan cuc hda nhé cta lién két C—F va dé bén cha
lién két C—F (104—-114 kcal/mol) SO vdi C—Cl (78 kecal/mol), nén d6 linh d@hg cua flo nhé
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trong hop chit. Dac biét, cdc perfloankan rat tre, khéng tham gia phan #ng thé& Cac
nguyén ti halogen khéac trong hgp chit perflo lai linh déng hon hgp chét halogen tuong
ing dé. Chéng han: CF,-~CF,I dé phan ting véi Mg cho CF,—CF,—Mgl trong khi do
CC1,Br khong cho hgp chit co Mg hay tu CH,CICH,Br lai cho etylen khéng cho hgp chat
co Mg.

Bang 8.8. Nhiét dd s6i cia dan xuiit flo—

Hop chit (o Igp chat !
CF, — 128(-1615) n—CgF, 4 58(68,7)
C,Fy —~79(~88,6) n-CF, 82(984)
n-CyF, +I(—05) n—CyFoy 238-240(2868)
CI-]2 = CLI* —72 CHZFE —-82
CF,= CECI ~26,8 CF.,= CF, ~76
CHl-= C[?2 - 51 | Chy,=CFBr +2
CF,—CF= CF, -29 (CF,),C=CI, +7

Do dai lién k&t C—F ciing nhu nang lugng lién két thay doi khi tang sé nguyén tu

flo trong hgp chat: |

CH,~-F [ = 0,139nm DHY = 107 keal/mol

CF,-F [ = 0,132nm DH" = 160 keal/mol
nghia 14 chiéu dai lién két nho va niang lugng 16n trong perflo so vdi lién k&t C—F binh
thuong.

Su chénh léch nay khong giai thich duge bang hiéu ing -7 hay +C l6n cua F.

Da dua ra dé nghi rdng, cac lién k&t C—F co kha ndng giai toa electron nén dua tdi
tuong tac tinh dién phu hinh thanh béi dién tich khac d4u.trén nguyén ti. Theo Pauling
vé thuyét cong hudng, trang thai phdn ti cia tetraflometan co thé cd nhitng ciu trac
cong hudng sau:

1 n T
F (% F < I (’3-—-F - F-——-(|3=:F+..H.. ........
F F F

Tuong quan véi quan niém cdng hudng, cdc cdu tric md ta cd nang lugng gidéng nhau
cang lf:'m, nang luong tao thanh hgp chat cang 16n. Quan niém vé 'loai cdng hudng nay
cho phép giai thich tinh bén cao va hudng phin dng céng va thé trong hgp chit chia
nhém perflo ¢ vi tri lién hgp véi trung tam phan dng.

Anh huéng nay ctia nhém goi la hiéu dng siéu lién hdp ngudc cia flo, nghia 1a nguge
v6i hiéu ng sidu lién hgp binh thudng cia hidro.

/

s

H HY H

e
H-C-C' <> H;C=C hay HE)--C+
H H H
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F F- F)

\ _ | YA
F-C—C~ <«—» F-C=C hay F-CXC
P, / i
F 13 F

Dunhg quan niém siéu lién -hop nguge nay (—H) cd th€ giai thich duge sy khac nhau

vé momen ludng: cuc:

4,71

« =232 2,61 462 (tinh = 4,19)

Song chu ¥ rang, hiéu dng siéu lién hop nguge khéng xuat hién & trang thai cdg ban,
song trong cic qua trinh héa hoc hidu dng nay c¢d y nghia l6n.

8.6.3. Tinh chit héa hoc

1) Phan dng cdng electrophin vao hgp chat perflo chua no
Olefin chda flo ¢é khi nang cong véi electrophin manh nhung téc dé céng nhé hon
olefin thudng va giam nhanh khi tang s6 nguyén tu flo ¢ lién két déi ciing nhu & xa hon,
Flo & lién két ddi cing dlnh huc:lng nhu clo: ; |
' CH,=CF, + HF — CH,—CF,
C'F2=CF2 + 50, — (Isz——-CIIF

|
O

oF,=CF, + HF + 2HNO;—— CF, -CF,NO,

(HF + 2HNO, > H,0* + F~ + NO; + NO3)

Co ché chung ctia phadn Ung la sy tan cong electrophin & giai doan cham va khi cd
nhom thé cho electron:

. LhEIl]] F~
H*@CF p == CHF,— C*F— O-R — CHF, -—CF OR
nhanh

2) Phan dng cong nuclecphin
Olefin chda flo ciing cé phan {Wng nucleophin vdi nucleophin manh nhu _‘ROH, RNH.,,
do hiéu dng -7 cta F dinh véi cacbon ndi doéi:
CF,=CF, + ROH - CHF,-CF,0R > CF,=CF-OR + HF
CF,=CF, + R,NH » CHF,-CF,~NR,

Co ché& e¢dng nucleophin 1a su t&n cong cia anion & giai doan cham:

CF CF CF
(3: CF, + F™ 2 cham_ N\~ o l \%H CF
7773 thanh / 3

'CFS CF, CF,

Khuynh huéng céng electrophin va nucleophin thay d6i phy thudc vao ciu trac olefin
th& flo, chdng han trong ddy sau, khuynh hudéng nucleophin ting, con electrophin giam:
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CF,=CF-OR » CH,=CF, > CF,=CF, > CF,=CF-CF; - (CF,),C=CF,

Trong cdc dan xuét flo thom, flo kém linh déng tuong tu nhu clo trong clobenzen,
song flo dé thé& nucleophin khi ¢6 nhém thé& hit electron nhu p—nitro, 2,4—dinitro, dac
biét 14 trong din xuit hexaflobenzen, nguyén ti flo d& th& nucleophin:

R FF
F={  Y-F + HyNR —= F—{ )—NHR
/ ‘ /
- F F*F
F

3 £ F

F— F 4+ 2ZRONa ——= RO-—- OR
4 _ /
FOF F F

Phan dng dién hinh la phan tng Friedel— Crafts theo ki€u nucleophin, la phan dng
ankyl hda hgp chat thom perflo héa khi ¢d xic tac KF:

E CF-CF-CF; - F
PN S F KF - F F
.,-fl A+ CR-CLF=Ck - | h + \!\/\[
F F | F F CF—CF ™ F
CF,

Tac nhan nucleophin }a ti€u phan efng hgp caa F~ vao perfloolefin va thay thd maot
flo cia nhan benzen. Phan dng nay nguge véi phan ung Friedel-Crafts cia hgp chat
thom va olefin c¢d xic tac axit Lewis. Nhém di vao a4 anion va ﬂr:.- di ra cling & dang
anion.

3) Phan dng cong gbéc

Phan ding cong gde voi clo hay brom khi ¢d 4nh siang cliing nhu vai dioxit nito: .

| CF,=CF, +2NO, — O,N-CF,-CF,-ONO + O,N-CF,-CF,-NO,
4) Phan 1ing thé& gbc

Khéc vai perclovinyl, hgp chat perflovinyl eé kha niang trao dé6i flo véi gée hitu co khi
tac dung vai arylliti:

Ar—-CF=CF, + p-Li—-C H;~Li — Ar-CF=CF- C H,—-CF=CF-Ar
5) Phan \ng trung hop |
Céc perfloolefin cd khd nang trung hop hay dong triung hgp theéo co ché goc:
nCF,=CF, —— (-CF,-CF,-)_
tetrafloetylen polytetratloetylen (teflon)

va perflovinyl cling ¢d kha nang trung hgp véi olefin thuong.
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Polytetrafloetytlen (teflon) la chit déo bén nhiét cao, mém hda & 425°C, tro véi axit,
bazo va chidt oxi hda, ding dé€ san xuat cac loai 6ng bén vé hda hoce, chat pht chéng gi
cho kim loai.

Triflocloetylen dung dé tdng hgp chit déo:

Sbl-y Zn
CCL-CCly—— CCIF,~-CFCl, — CF,=CFC(Cl

nCF, CFCl-—-—a( CF,-CFCl-)_

Telome cua triflocloetylen dung d€ lam chat dau boi tron bén hda hoc cao.
8.6.4. Hgp chat perflo chtta nhém chire hitu co

Céc hgp chat perflo chia nhém chie hitu co duge tdng hgp tit perfloolefin bing phan

ung hitu co théng thuong: - S

' KM|104J{20
CF,~CF,~CF=CF, » CF,~CF,COOH
KMnQO,
CF, C =CF, - CF3-—("3——CF3
CF O

Tinh chit ctia cédc axit, amin, ancol, xeton,... ctia perflo lién quan tdi tinh chit hit
electron cia flo hay hiéu ing —I cta F. |

Tinh bazo hay axit cia nhdm chdc lién quan v6i hiéu dng T Ching han,
perfloetylamin khong phai 14 bazo, ancol flo hda 1a axit yéu:
CF,CH,OH (CF,),CHOH (CF;),COH
pK, 12,8 9,3 5,4

Céc perfloxeton ciing ¢ kha nang phan ng réat cao, chdng han dé dang hgp nudec
cho hidrat;

CF{C/OH CF{C/OH
~ \ 7 N\
CF, “OH CF, “OR

Cdac hydrat nay la axit yé&u, khong tdch nudc ngay khi dun ndng trong chan khong.
Perfloxeton ciing cho sdn pham coéng bén vdi amin, khong loai nudce khi chung c4t:

C][i1 CFQ /OH
C=0 —— ‘
P + RNH2 /C\
CF CF3 NHR

Dac biét 1a cac iminperflo edng hop dude véi amoniac cho gem——dlamln F: mﬁt hgp
chit hiru co hiém trong hda hitu co:

F,C F,C_ NI,
" C=NH + NH. ——> N
/. 3 / \

e F,c' NH,

Trong hoa hoc, cac hgp chit per flo chita dong thoi nhem OH va NHZ, hai nhém NH,,
hai nhdm OH, nhém OH va F & cling mot cachon, 1a hién tuwong binh thudng. Tinh bén

cua nhiing hgp chdt nay duge giai thich bing su khd khan tach anion tit OH, NHZ,OR ra
khoi cacbon mang dién tich duong. -
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Do dé néu céng hop ca rugu va amin vao perfloxeton thu dude ca ete va amin. Trong
hop chédt nay, nguyén tad F & vi tri rat linh. ddng dé bi thiy phan:

H,0
CF,—CF,—NR, > CF,~C~NR,

O

Cdac axit chia flo la nhitng axit manh.
CH,COOH CH,FCOOH CHF,COOH CF,COOH CF,(CF,),COOH

I{“.IO"S: ‘1,8 220 57.000 59000 68000
Trifloaxetic ¢d hang s6 phan ly nhu axit vé co.
Cac axit va anhidrit nay dung lam tac nhan axyl hda tét, nhédt 1a dung d€ axyl hoa
bdo v& nhdm amin va hidroxyl trong qua trinh téng hop hitu co vl cac hﬂp chat axyl nay
dé bi thiy phan dé& thu trd lai nhom chidc ban di 1. o ”

8.7. HOP CHAT HOAT TINH SINH LY

Cac hop chat ed hoat tinh sinh ly thudng cd trong tu nhién & co thé€ déng vat va thuc
vat cling nhu duge téng hop ra, duge phan loai nhu sau: *

— Chat déc hoa hoc

— (Chat bao vé thuc vat

— Kich thich té hay chit tang trudng thuc vat va dong vat

~ Cac vitamin

— Céac enzym (men)

8.7.1. Chat ddc hda hoce

Cac chat doc hda hoc thutng dudge phan loai theo tinh chét ly hoc, hda hoc, tac dung
dau doc va tac dung chién thuat cia chat doc. O day chi phan loai dva vao tinh chat dau
doc ctia chat, nghia 1A phan loai dua trén ban chat va muc dé dau doc.

Mic do dau déc cd thé phu thuée vao doi tuong bi ddu déc va phuong phap dau doc,
nghia la ¢6 thé phan loai theo tinh chat sinh Iy caa chat déc.

~ Chat doc lam chay nuéc mét: bromaxeton, este etylbromaxetat, ...

— Chat doc lam ngat thd: fosgen, clopicrin,...

— Chat doc gay kich thich: hgp chat cia As, diphenylcloarsen,...

— Chat déc lam nguda da: hgp chat co As, HCN, etyldicloarsen, este cua axit
photphoric

o Tinh chit cha chit doc: |

+ Tinh chat vat ly: Nhiét dé6 ndng chdy cta da sd chat doc co gia tri chién tl'aiih la
chiat léng & diéu kién thuong, ndng chay trong gidi han 26 dén 200°C, ap suat hoi can
phai 16n, thuong khong bén v6i nhiét, bay hoi, ¢é tinh khuéch tin cao.

+ Tinh chdt hoa hoc: Chat doc thudng bén vdi nude, khéng bén véi kigm.

Thudng dé bi oxi héa chuyén thanh nhitng chat khdc ¢d tinh déc. Tinh chit doc phu
thudc vao nong dé va tdc dung lén doi tugng véi nhitng tinh chadt rat khac nhau va g1m
han bang nong do chét. |

Téc dung sinh ly phu thude vao nhigu y&u t6, chd yéu phu thudc vao cdc nguyén to

co trong thanh phan.

BT e m e i  ——
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— Cac halogen, cho tinh déc véi loai mau ndng, tinh doc cuc dai & F, giam dan téi
I. Tinh ddc cua halogen phu thuéc vao tinh linh dong cia halogen, - nghia la phu thuéc
vao vi tri khong gian trong phan ti. Néu lién két bén, khéng co tinh déc; Chang han, F
lien ké&t vdi nhan thom thi khéng ed tinh doc, con axit flocacbonic la chit doc,

Dién tich va kich thuéc nguyén t& ¢é gia tri 16n, nhu F am dién hon, do dd, co kha

nang phdn dng cao hdn véi cdc trung tam mang dién tich duong. . .
Khi tang s6 nguyén ti halogen, tdc dung lam chay nudc mit tang va trd thanh 11gat

thd. Chang han CICH,OCOCI! lam chay nuéec mat, CICOCOC] lam ngat thd,

Halogen ¢ nhanh thi lam chay nudc mat, nhung & nhan thi khong doc.

Déi vai dan xudt axit flocacboxylic, da rat ra duge vai quy luat sau:

Nhitng hgp chit ¢d kha nang tao thanh géc FCH,CO khi oxi hda va thuy phan luén
ludn la chat déc. Su thay doi bat ky nio dd trong thanh phan déu lam gidam chat déc.

F(CH ) COOC H. la doc khi n 1é va mat tdac dung khi n chin, Diéu nay dugc giai
thich bqng su oxi hDEi nhu & axit béo. Khi n 1é sé co oxi hda 5 dén axit FCH ,COOH déc,
con n chan khong co qua trinh dé. Tang s6 n thi tang tinh déc va cuc dai ]{hl n = 5, con
khi » > 5 thi tinh doc giam. Khi thay nhom C,H, bang f~FC,H, thi tinh déc tang cho

dén khin < 9.

— Nguyén té6 S.

S nguyén tu khong doc, S 1 chdt doc trong cdc hgp chat vd co hay hitu cd tao nén
lién két voi B, triut mot s6 hgp chit sunfamit ding lam thude ngd, cic chdt —SH lam chat
bao vé dnh sing. Cdc hgp chat S cd hoat tinh sinh ly ¢ dang sunfua:

CH, CH Cl—5-CH,CH,CI la chat doc, néu thay S bing O thi khong doc hoic thay Cl
bang OH cung khong dﬂc S(CH CH,0H),, khi oxi hda sunfua thanh sunfnmt hay sunfﬂn
thi tinh ddc gidm: '

O5(CH,CH,Cl), hay 0,5(CH,CH,CI),
khi tang s6 lugng S thi clng giam tac dung déc chang han:
S(CHCH, U =5—CH,CH,Cl), kém doc hon S(CH,CH,CI)., dén ba lan.
— Nguyén t6 N:
Nhom nitro cd tinh chdt lam chay nude mat va gay bong o0 —nitrobenzylclorua,

clopicrin, brompicrin, triclonitrometan, tetraclodinitroetan.
Nhom oxim—N~OH c¢d tdac dung dén qué trinh ho hép:

Cl—(IJ=N—-0H CIH, C N-OH
Ci fosgen oxim CICH dicloaxetoxim
Nhom amin, dac biét 1a dan xuit cia amin la doc:
CHECHch /CHZCHZCZ | H3(I3 /OCZHS
CH, —N N<CH20HQCL _1}1-}3\:0 |
CH ,CH, Cl CH,CH,Cl H,C CN-

D& c¢d tinh déc can co hEll nhdm halogenetyl.

Nhom C=N: gay tinh ddc va tinh doéc gidm khi dua thém nhém CN thd hai:

H-C=N  Br-CsN C_H.CHBrCN (CHy,N O
.xP\.
C,HO CN

Nguyén to As :
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Hogp chat As ¢é ba hda tri 1a chat doc manh d6i véi co thé loai mau nong:

CH=CHCI CH=CHCI CH=CHCl C.H. C.H

yd | e / S8 6
AsZ-CH=CHCI AsZ-CH=CHCI AS=Cl ASZCH,  A3=CI
N CH=CHC ¢ Nal ol Cl

Nhom hdp chat hitu co As c¢d thanh phan clovinyl co tac dung lam bong da, nhat 13
diankyldiphenylasen

Nguyén to P:
Hop chit ctia P lién quan chidt ché véi cdu tric hda hoc vé tinh dnc loai:
R, O(S)
N_ 7
P
AR
R, X

i T —rrr

Este cta axit photphoric ¢d tinh déc khi co hai nhom ankyl giong bﬂﬁ.ﬂ khiac nhau
nhung phai gan vdi nguyén t6 O hay S va co mot nhém axit v6 cd hav hu cg.

P co héa tri 6: 2 lién két véi O hay S
2 lién két v6i gbe: ankyl ankoxy, amin bac nhAat
1 lién két voi X 1a F, Cl, Br, L.

8.7.2. Chét bao vé thuc vat

— Cac hop chat diét trit cdc cén trung, nadm, vi khuan, ,vv . ¢o tén chung la cac
pestixit (pestis —diét tru) cdon goi la nhitng chat diét tru dich h&l bao gém ca thuoéc tru

sdu, ndm,...
Nguoi ta chia ra cdc loai sau:
— Ascarixit — chong tru nhén (acarnos — nhén)
— Algixit — chong tru réu, thuc vat dudi nudc.
— Anticaptic — chéng vi khuan pha huy kim loai
— Arborixit — chéong khuan cho cay trong
— Bactarixit — tru vi khuin, co thé thuc vat don bao
— Herbixit — tru ¢d dai
— Zeoxit — thuoéc diét dong vat
— Insectixit — thudc tru siu
— Limaxit — thudc tru 6c sén
— Nermatoxit — thudc tru truyén trung
— Fungixit — thudc tru nam
~ Luvixit — thudc tri sdu non
— Rodentixit — thuéc tru loal gdm nham
— Rattixit — thuéc tru chudt.
Phu thudc vao phuong phap st dung, ngudi ta chia ra lam loai chat déc ti€p xie, chat
d6c than kinh, chat déc x6ng hoi,...
0 day néu moét s6 chit bao vé thuc vat quan trn;m'g.

¢ Dan xudt hidrocacbon vong no



CO SO HOA HOC HUU CO 73

Trong hgp chit vong no, quan trong 1a din xust halogen nhu 666, DDT.

Tinh diét trit sau bo cia loai ndy phu thuédc vao cdu tao:

— Dan xudt brom, theo nguyén t4c hoat déng hon clo.

— Tang halogen t6i gi6i han, tang tinh déc.

— Dan xuit cd tic dung diét ¢é khi ¢cd M = 480 va nhiét dé ndng chay 1a 206°C.,

D6i véi hexacloxyclohexan (666) cd nhidu loai dong phan v6i tinh déc khac nhau do
lién két khac nhau:

Dadng phén Lién k&t Do dic Dadng phan Lién k€t Dde dic
7 aaeeee /10060 £ aeeqce I/ 10000
53 eceeee — aaetee -
y aaaeee 1 N aeqaqee -
é aeeeee I/ 1300 0 aeaeeq —

Vé nguyén nhén gay déc, c6 gia thuyat cho rang, 666 cd ciu tric gidng cac inosit
CﬁHﬁ(OH)ﬁ co trong t€ bao thuc va déng vat. Dong phan y dé tham nhiap vio co thé &
dd, duge hdp thu manh dua dén két qua lam ngiing qua trinh séng.

Cédu dang cla y va 8—666

o Dan xu4t halogen thom

DDT la dac trung cho loai nay: 4,4’ —diclodiphenyltricloetan, co tinh doc khi cé F, Cl,
Br, I, trong dé F la yéu, cOn cao nhat 1a din xuit clo. Trong cdc dong phan loai nay, tinh
doc cling rat khdc nhau: |

. cl —Q—:::{—@—Cl

CCl,
Déng phan: 4.4’ — 2,2’ — 2,3’ 2,4’ 3,4’
Tinh déc: 1 0,11 0,15 0,018 0,9

DDT 1a chit doc tigp xuc nhung ciing cd tinh déc x6ng hdi. Hgp chdt DDT doc vdi
con trung do vo 18p kitin hdp thu DDT . Cing cd thuyét cho ring, DDT déc 1a do tach
ra HCl lam cho qu4 trinh Ién men do enzym bi phd hiy, 1am cho co6n trung chét. DDT
la chdt déc ph4 huy cac t& bao thin kinh. Triéu chding déc & con ltrilng la tac dung lén
hé co than kinh bit diu bang su kich thich manh t8i co nang, lam cho cic hoat dong

[ ——
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khong an khép va tién t6i té ligt. Lic dd DDT loang rong ra trong cic mdé méd va huyét
dich.

e DAn xudt arylhidroxyankylcacboxylic

Hop chit nay cd tac dung diét sdu bo khong lon, thtrcmg lam chdt diét nam va voi
litu lugng nho cod tac dung kich thich sy tang trudng cua cly trﬁng

Hgp chdt phenylaxetic cd tinh hoat dong sinh 1y, khi dua thém halogen thi hoat tinh

tang. Hop chat hoat dong 16n 1a axit 4— halngenphenﬂxyaxetlc Dei v6i dan xuét IIlDIlGElG
thi din xuit 2—clo hoat déng hon 4-clo, con 3—clo hoat déng kém hon.

Dsi voi din xudt diclo thi hoat tinh nhu sau:
24 > 925 >34 >85> 26
Trong s6 din xuat triclo thi dan xuit 2,4,5—triclophenoxyaxetic axit hoat dong hon,
tac dung gan nhu 2,4—D:

2,45 > 2,34 > 345 > 2,36 > 24,6 > 2,3,6
Khi duea nhom CH,Cl vao phenoxyaxetic, gmm su kich thich tang trudng cay trong

va giam tinh diét co.
Khi dua halogen va nhdm CH, vao 2,4- diclophenoxyaxetic lam gidm hoat tinh, cing

nhu khi thay nhém CH, bang goc R R cang 16n hoat tinh cang gidm.

Céac dan xuat clﬂranhldut va anhidrit aryloxyaxetic khong lam thay doi tinh dgc, este
cua aryloxyaxetic ¢d tinh diét cd manh hon axit tu do.

Chat dién hinh 1a 2,4-D (2,4—diclophenoxyaxetic) la chat diét c6 dién hinh c¢d tinh

chon loc.
e Hop chat co phntpho

Hop chit quan trong trong ndéng nghiép, diét sau bn vA nidm cao nhung ciing co
nhuge diém la ciing ddc hai cho sinh vat co xuong s6ng. Chdc niang quan trong la
photpho hda cédc esteraza quan trong, lam cham ddt chdc ning hoat doéng cua nd, nhat

14 d6i v6i cholin esteraza cd trong co thé:
O O O_
ChEH + R(:)lg(OE'.")2 [ROP(OR ] — | +P(0R’)2] + ROH
H~— ChE+ ChE

| -—-—:- Ch]i}-—IIZ:(‘OE'.")2
O
Hop chat co photpho dung diét chét cay co la thiophat:
C,H:0 \
P-0 _NO,
C,H, O S

8.7.3. Hgp chit kich thich t&.

Céc hop chét kich thich to6 trong cd thé goi 14 hoocmon da dugc ndi rai rdc trong cac
hop chét téng hdp sinh hoc va ancaloit, glu:-ut d day chi de cap dén nhu‘ng kich thich to

thuc vat.
Chéat kich thich t& phat hién dau tién 12 axit 3—indolylaxetic cd kha nang lam cho t8
bao thuc vat dai ra trong thoi gian nhat dinh. Nghién cidu tinh chit cta cédc kich thich
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t6 cho thiy kha nang anh hudng tdi tinh ting trudng thuc vat la;

— Chat phai hoan toan tham duge vao té bao.

— Co thé di chuyén va tich luj vao mdét chd trong t& bao ma khong mat kha nang
hoat déng bang con dudng hda hoc hoac duge giit & chd phat huy duge tdc dung.

— Khi & ché tdc dung, phan td chat phai ¢S cdu tao hda hoc d& khoi mao dude tic
dung tdng trudng — dJ la su hoat hda dau tién caa chét kich thich, do dd ¢d thé dua vao
nhitng nhom dac trung cho phian td d€ thay d8i hoat tinh.

Tac dung tang trudng cd thé giai thich theo nhidu quan niém sau:

¢ Anh hudng tang trudng la do su lien hop giita phan t& vdi phan lipoit cia nguyén
sinh chdt trong t& bao va lam cho tinh luu dong tang, tinh thim cta cac chat trao d6i
chit tdng, do do cac t€ bao phat trién nhanh.

e Tac dung tang trudng do cac coenzym, nhd su trao ddi cha axit nucleic hoac cd su
photphoryl hoa hay hoat hda nhdm SH.

e Tac dung tang trudng do tao thanh phuc néi phan ti véi cdc kim loai trong t& bao,
dac biét 14 chit canxiprotein co trong thanh té&€ bao.

‘o Quan hé céu tric cta chat kich thich L o

Quan niém dau tién 1 chat kich thich cd tdec dung tang trudng khi chit do phai co
hé chua no, ¢d it nhat mét néi déi vA mét mach nhanh, trong mach nhanh ¢é mét nhém
COOH hay mo6t nhom nao dd ¢ kha nang chuyen héa thanh nhém COOH 1t nhat co
mot cacbon gitta vong va mach nhanh. -

Song vé sau, quan niém khéng bé hep nhu vay, trong nhiédu trudng hop mﬁt s6 din
xudt lai ¢d hoat tinh tang trudng nhu: dan xuat axit cua benzen, nhu: -

CH,~N~—C—8-CH,COOH COOH COOH
CH S ...-CI CL (!
' g g

ciing c6 tinh kich thich t6 thuc vat.

Ngoai ra con cho ring, chat kich thich vong phai cé tinh hoat déng bé mat cao, nhém
COOH phai cd vi tri khong gian xac dinh d&i vdi hé vong.

— Nhom COOH : | |

Phan tut phai ¢d nhém COOH hay ]la dan xuét cia axit nhu COOR, CN, CONH,,

Trong mam lua mach, CN hoat déng hon nhém CONH, do CN dé th&m nhanh vao
mam t& bac hon trudc khi thiy phin thanh axit. Su chuyén hda 1a can thlé't dé€ giy hoat

tinh, trong dd phai ¢d men thiy phan.
Khi thay COOH bang SO,H, HSO3H thi hoat tinh y&u han:
H,SO,H

_CH,SOH 0—SO,H
a0 Oy Oy

H
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hoac thay bang nitrometan hoac photphoric thi hoat tinh giam hoac mdt han:

CH, —-N OH % -—-F’(OH)

Mot s6 din xuét axit—2,4—phenoxy thay bang COSH thi d4n xu#t nay ¢S hoat tinh
cao hon:

0-CH,~COOH 0—CH,—COSH
~Cl Cl

Ci _ C
¢ Anh huéng cita hé vong
Tat ca cac hgp chat déu chida hé vong chua no nhu mdulylaxetlc trong khi dé vong

no nhu D—CH OH mat hoat tinh. Su c¢é mit ndi déi 1am cho phan tid ¢d hoat tinh
nhunf noéi déi phai co mach nhanh:

O—CH ~COOH

N6i d6i co lién quan t6i tinh chét oxi hda thuan nghich etia néi doi, lién quan tdi qua
trinh hé hdp cta thuc vat. Mit khéc, tinh chua no ¢d Anh hudng tcll tinh hoat dong bé -

mit cia kich thich t§ thuc vat.
e . Anh hudng ctia mach nhanh
St ¢ mit mach nhanh la cén thiét cho hoat tinh:

H,~COOH ~ H,C-CH-COOH |
i cd hoat tinh
n ~C(CHy),COOH,  HO-((CH,)COOH CH(CH,OH)COOH

la khéong cd hoat tinh.

Su c¢d mat ciu oxi giita vong va mach nhinh ¢in thist cho hoat dong sinh ly. Néu
th€ ciu oxi bing S hay NH thi cdc chdt nay khong cd hoat tinh sinh ly nita, song
N-2,4—diclophenylglyxin khéng co hoat tinh déi véi ca chua nhung lai c¢6 hoat tinh cao
vdi cAc nam hoat dong. '

Cac dan xudt cua indol va naphtalen, vi trl mach nhanh cdé tim quan trong. Din xuit
d—indolylaxetic hoat dong hdn Z2—indolylaxetic, con 1- naphtylaxetlc hoat déng hon
2—naphtylaxetic.

Chi y rang, nhdm COOH phai ¢d H_, néu khdéng cdn ¢ H, dsi v6i nhém COOH thi
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khong con hoat tinh, goi 13 hiéu ting H

COQH COOH COOH COOH

.

yéu yéu
e Anh hudng cia nhdm thé& trong vong
Trong hé vong, khi cd nhém thé& Cl d vi tri 2,4 thi hoat tinh ting, con néu thé §
2,4,6 —thi khong hoat dong. -

Velistra cho ring, hoat tinh phu thugc vao can bing gilta nhom cachoxyl va nhém
lipophyl cida phan td. Gia tri cuc dai ¢ 2,4 —diclophenoxyaxetic, con 2,4,6-hoat tinh gidm
do cAn bang chuyé&n vé phia lipophyl. Song giai thich nay chua théa diang vi nhitng axit
2,3,6—, 2,4,5—triclo— va 2,3,4,5—tetraclo déu c¢d hoat tinh. Mat khac, 3,5— khéng hoat
dong, cdn 2,5,2,3 — lai hoat déng.

Su hoat dong thudng lién quan téi vi tri 2 va 6. Theo Muka cho ring, hoat tinh lién
quan téi vi tri meta tu do vi khi tac dung véi t& bao thi vi tri ortho tac dung véi phin
systein cua phan tu protit tac vong la qua trinh khoi mao cho hoat dong phan tur

0 CH,~COOH CH, CO-NH .
CL@ HS CHz?H(,j, —protit —= ¢ l —SCH;~CH- %; profit
H,N O A 0 --
| |
Cl . C

Con Lipe—Brisov cho rang, vi tri ortho tham gia vao qua trinh oxi hda khtt caa t&

bao thuc vat:

0CH~COOH “OCH;COOH 0CH,—COOH

Thuc té&, vi tri ortho tu do khmng that can thiét cho k1c:h thich t6 thuc vat. Chang
han, 2,6 ~diclophenoxyaxetic ¢é hoat déng nao dd trong mim dau ma dua nhém CH; hay
CH, vao mach nhanh thi 2,6—tiang hoat dong.

Su th€ 2,4,6— lam yé&u hoat tinh, nhung thé€ vi tri ortho 0 CHZ—COOH
bang F thay cho Cl thi hoat tinh lai cao hon, do dd ban .
kinh F ¢d lién quan téi hoat tinh.

Ban kinh nhé cho phép mach nhanh trong din xuit
2,4— ¢d thé quay tu do, con v6i Cl thi su quay khong cho B
phép. Dan xuit thé& 3,5—-phenoxy cd hoat tinh yeu nhung
néu thé 2,3,56—; 3,4,5— thi lai hoat déng.

Dan xuit 2,3,4,5,6— khéng cd hoat tinh, con trong so dﬁn xuat 2,3,4,6—; 2 3,0,6—;
2,3,4,5—tetraclo thi chi cd 2,3,4,5— 1a hoat dong. -

Anh hudng ctia C bit d6i & mach nhanh:
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Khi cd C*, dan xudt cd hai dang (+) va(~):

3
I
N i |

Koegel va Beckalt thay rang, axit ( +)—1ndnlylpmpmmc hoat dong giap 30 lan dong
phan (-) trong cac thi nghiém uén cong mam dau hoat déng, con hoat dong cta dong

phan (+) va (—) bang nhau déi véi su tang dé dai mam ldia mach. Nguyén nhan khac

nhau do 1a do st chuyén dong ctia chung trong md thyuc vat c¢d dé dang hay khéng. Trong

cdc ché udn cong mam dau thi déng phan () van chuyén cham hon déng phan (+)
Trong dan xudt aryloxyaxit thi dan xudt (+) ¢ hoat tinh cao hon, con dang (—) yé&u.

Déan xuit 2,4—D—propionic thi ddng phdn (+) hoat déng hon déng phan (—) dén hai lan.
S6 di mdt trong hai déng phan ¢d hoat tinh cao hon 1a do tlmngr tac voi thanh phan

bat doi xing cd trong t€ bao.

Cac hoat tinh trong day .di‘ing dang:

Hoat tinh cta cdc dan xuidt w—aryl va r:u—arylnxyankancacbuxyhc phu thudc vao doé

dai mach nhanh.

Griit cho rang, thuc nghiém 5 chidt trong axit m—naphtjrlankancacbuxylic
C,yH;(CH,) COOH thi s6 1é CH, (n 18} c6 hoat tinh tuong tu nhu axit 1-naphtylaxetic,
trong khi do n chéan thi hoat tinh yé&u.

Trong ddy w—aryloxyankancacboxylic cling ¢d dinh luit tuong tu.

Hién tuong nay dugdc giai thich bing su lién quan téi qua trinh oxi hda §.

OCH,CH,CH,COOH OCH,COCH,COOH OCH,CHOHCH,COOH
Cl Cl Cl

Cl Cl | Cl

—p— = e ——
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CHUONG

HOP CHAT CO NGUYEN TO

Hgp chit co nguyén t6 1a nhitng hop chit cd lién két C-E trong phan t¢ (cachon —
nguyén t6). Nguyén t& ¢d thé€ 1a kim loai hay phi kim. "

Hop chét c¢d chia kim loai goi 1a hop chét co kim, c¢d lien két cacbon—kim loai, ky
hiéu la C—Me, c6 nhidu dng dung trong h@tu co tong hgp, con hop chit ¢d lien két
cachbon—phi kim duge dung nhiéu trong coéng nghé.

Cac hyp chit co nguyén t6 chda lisn két C—F véi lien két C—E c¢6 thé la:

— Lién két o binh thuong, 1a lien ket dung chung electron & dang ion hay phan cuec.

— Lién két do chit day obitan d cda kim loai bang electron ctia phan hitu cd gan
nhu dang phtec. |

Nhitng nguyén td c¢d kha ning tao dugc hop chdt co nguyén té bén:

— kim loai nhom 1: Li, Na, K
— kim loai nhom 2: Mg, Ca

— kim loai nhom 3: Al

— kim loai nhém 4:  Sn, Pb

Nguyén t6 kim loai chuy&n tigp: Zn, Cd, Hg, Fe, Ni, Cr

— Nhitng nguyén t6 kém kim loai nhu B, 5i, Ge, Se cd tinh chat trung gian giia hgp
chét co kim va co phi kim.

— Nhiing nguyén t6 phi kim: N, P

Ngoai ra cd Au va Pt tao phttc co kim ¢ dang: R,;Ptl, R,AuCl.

9.1. DANH PHAP

Hgp chédt co nguyén t6 dudc gol theo tén gdc hidrocacbon va tén kim loai:

(CH,),CLi (CH,CH,),Mg (CH,),Al
tert — buty lliti dietylmagic trimety! nhém
(CHBCHZCHz)ZCd (CHgCH2)2Zn (CH3)2Hg

- {di—n—propylcadimi -~ dietyl kém _ dimetyl thdy ngan
(CH,),Si CH,=CHLi C H,Li

tetrametyl silic vinyl liti phenyi liti
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Mot s6 hop chat 1a ddn xuat thé cua cac hidrua ctia Bo, Sn, Si goi 1a boran, stannan,

silan duge goi la:

(CH,CH,),B (CH,CH)),Sn  (CH,),Si(CH,CH,),
trietylboran tetraetylstannan diegyldimelylsilan
(trietyl bo) (tetractyl thi€c) (dietyldimety| silic)

Mot s6 hgp chat co kim c6 nguyén to lin k&t voi modt nguyén tit vé co thi duge goi
dudi dang mudi cha nguyén ti vb6 cd da:
CH,CH,MgBr CH,HgCl CH,CH,AICI],

ctylmagiebromua - metyl thuy ngan clorua etyl nhdm diclorua

9.2. PHUONG PHAP TONG HOP

9.2.1. Téc dung kim loai vdi ankylhalogenua

Tuong téc ctia kim loai véi halogenua hitu co la phuong phdp chung dé diéu ché
nhitng d&n xudt co tinh hoat dong, nhu Li, Mg, Zn. Dung méi thudng dung la ete tro voi |
din xudt cd kim nhung hoa tan duge hgp chdt co kim. Phan dng can tranh hoi nudc,
khéng khi va khi CO, cd kha ning phdn dng véi hgp chat co kim.

cte
R-X + 2Me > R—Me + MeX
| ete
CH,—Cl + 2Li —— CH,Li + LiCl
ete

CH,CH,Br + Mg—> CH,CH,MgBr

Kha niang phan dng cha din xuit halogen xay ra theo trinh tu:
R-I > R—Br » R-Cl >> R-F
Ankyl florua khong phan ing véi Li vA Mg, con Zn phan dng tot voi dian xudt bromua
va clorua. Hg chi phan dng trong truong hgp ¢ dang hon hoéng véi Na:
2CH,I + Hg(Na) — (CH,),Hg + 2Nal
Hogp chét co natri ¢é kha niang phan dng cao vdi ankylhalogenua trong ete, thuong
diing hidrocacbon va ¢d kha nang phan ing ngay v6i RX sau khi tao thanh, tuy theo kha
ning tdn cong cha cacbon hay hidro ctia ankylhalogenua vao hgp chit co Na. Phan dng
theo co ché 52 hay EZ:
CH,CH, Na* + CH,CH,-Br > CH,CH,CH,CH, + NaBr
CH3CH2_N3+ + H-CH,CH,-Br — CH,-CH, + CH,=CH, + NabBr
Khi digu ché vinylmagie halogenua thuong dung THIE hon la ete:

THI |
CH,=CH-Br + Mg ——> CH,=CH-MgBr

CG tai liéu cho rang, phan Ung xay ra theo co ché ion—goc:

m — R*—me s Me*X 4+ R* — R | Me*t —

—> R=——Me* —— R-Me—-X
Ciing ¢ quan niém cho ring phan dng xay ra trén bé mat phéan chia hai pha, nghia
la trén bé mat kim loai, R—X tao thanh géc tu do:
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R—-X 4+ Mg —— R* + *MgX
R* + X-Mg*® —-> R—MgX
Theo co ch& nay, phan dng cd san phdm phu:
2R*— R — R
2R* — R’H + R”H (chuyé&n khong ciAn déi)
Trong thuc nghiém, thudng thém I, dé€ hoat hda Me, tao thanh g6c *MglI la chﬁt
chuyén halogen:
Mg + I, — Mgl,
Mgl, + Mg — 2° Mgl
R-X + *Mgl » R* + MgIX

MgIX + Mg — = *Mgl + *MgX R o __

R* + *MgX —> R—Mg—X
9.2.2. Trao doi halogen cho kim loai

Mot s6 hgp chdt co kim dé phan dng vdi halogenua hitu co theo phan dng trao dfi
halogen vdi kim loai: | |
R-Br + R°—Li — R-Li + R’ -Br
Phuong phdp nay thudng dung khi khéng ding dugc phuong phdp truc tiép trén.
Phan ung dé x4y ra vdi hagp chét co kim ma gbée ankyl cd dd am dién cao, do dg, chi dung
vdi R—1 va R—Br ma khéng dung cho RF vad RCl. Phan dng ding cho nhitng dan xuét

halogenua kém hoat doéng nhu aryl, vinyl, etylhalogenua. -
Cl- @ ~Br + CH,CH,CH,CH,Li — Cl- @ Li + CH CHZCH CH,Br

9.2.3. Tuong tac hgp chit co kim vdi muéi halogenua kim loai khac

D4y la mot phuong phap dung trong phong thi nghiém, la phan ung trao d6i kim lﬂal

cua mdt hgp chat co kim véi kim loai cia mudi kim loai khac:

R — Me + Me'X —> R-~-Me' + MeX

Phan tdng la can bang, hang s6 can bang phu thuéc vao d6 am dién tuong d6i cua

hai kim loai. Nd6i chung, ion halogen d4m dién hon cacbon, cho nén c¢d khuynh hudéng két

hop vdi kim loai duong hon. Do dd, clorua natri khéng co phan tUng trao dgi véi dimetyl

thiy ngan dé tao thanh metylnatri va thiy ngin. Hop chit co Mg phén ing vdi clorua
cadimi tao thanh co cadimi va clorua magie:

2CH,CH,MgCl + Cd(Cl, — (CH,CH,),Cd + 2MgCl,

—_

4CH,MgCl + SiCl, > (CH,),Si + 4MgCl,
2CH,CH,CHMgCI + HgCl,—— (CH,CH,CH),Hg + 2MgCl,
CH, CH

..__-1--— -

9.2.4. Thé kim loai bang kim loai

Phan tng dung diéu ch& mét dan xuit co kim hoat dong hon tit mét dadn xuat co kim
kém hoat dong hon, chang han:
(CH,;),Hg + 2Na — 2CH;Na + Hg
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Phan dUng nay phu thudc vao thé ion hda khu cta hai kim loai, tuong tu nhu phan
ing cha Zn v6i mudi déng:
Zn® + CuSO,— ZnS0, + Cu°
9.2.5. Tac dung hgp chat co kim vdi hidrocacbon chia hidro linh dong

Phan tdng dung diéu ché hgp chit co kim cd mach hidrocacbon dai hon, dac biét
thuén lgi cho phan dng diéu ché cdc hgp chat co kim chua no, nhu tac dung hgp chat co

kim v&i hgp chat loai axetylen, xyclopentadien:
CH,CH,MgCl + CH,C=CH — CH,C=CMg(Cl + CH,CH,
Phan tng la tuong tac cia mot axit manh hon (K, cia axetylen = 10722) d6i véi mot
mudi clia axit yéu hon (X, = 104
CH,(CH,);,C=CH + n-C,HjLi — CH,4(CH,),C=CLi + n-CH,,

9.2.6. Cong hidro va kim loai vao anken

Hdgp chat co kim ciing thu duge tu kim loai, hidro va anken, chﬁng he_m, phan ing
cua Al, H, va anken thu dudc hgp chét ed nhém:
3(CH,),C=CH, + Al + 3/2H, — [(CH,),CHCH,],Al

9.3. CAU TRUC CUA HOP CHAT CO NGUYEN TO
Tinh chét cta hgp chédt co nguyén t68 phu thubce chi y&u vao cdu tric, ma cha yéu Ia
litn két C—Me. Lién két C—Me cd thé l1a ion hay céng hda tri, phu thunc vao tlnh duang
dién cua kim loai: -
[ =C—Me «>=C"— Me* ] E;C“F’_——-Me&*"
Tinh chat cua lién két phu thudc vao do cdng hudng trén. Cing cd thé cho'rang, lién
k&t C—Me phu thude vao mudc d§ ion hoa cia kim loai: |
— lien ké&t ion, nhu CH=C"Na* 14 lién két ion do kim loai cd tinh dlmng dién cao
va anion 6n dinh 14n. |
~ lién két cong hda tri, nhu (CH,),Pb, lién két C—Pb 14 1ién két cong hda trj.
Kim loai cang duong thi mudc d6 ion hda cang 16n. | |
Muc d6 ion hda cua lién két C—Me: . -
| C-K 51% C - Mg 35% C-Sn - 12%

C - Na 47 C - Al 22 C-Pb 12
C—T1i 43 C~2n 18 C-Hg 9.
C - Ca 43 C—cd 15 -

Kha nang phdn dng cling tang khi ting mic do ion hda cia C—Me. Tinh phan cuc
cua lién két C—Me c¢d thé hiéu duge dua trén dé Am dién cda hai-nguyén t6 C va Me,
trong do kim loai dudng dién hon nén phan cuc vé phia cachon.

Song cdu trdac electron cda lién két khong chi phu thudc vao d6 am dién ma ci‘jn'phu
thuéc vao muc dé xen pha hiéu dung cua obitan. Céc obitan hda trj clia kim loai kiém la
khuéch tdn cao va sy xen pht cla ndé véi cdce obitan khac khong duge hidu dung. Chang.
han, su khac nhau vé d6 am dién caa C va Li la 1,5, tuong tu gittia C va F. C3 hai la
phan cuc, nhung C-Li cling ion hda nhu Li—F con C—-F lai 1a céng hoa tri bén. Hgp chat
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co kim cia kim loai kiém cd th€ xem nhu 12 mét mudi cia cation kim loai véi anion —
cacbanion. |

Cdu truc cha ankylliti, ankylnatri, ankylkali 1a ion. Metylkali giéng nhu mét mudi cg
dién, ¢ cdu truc nhu Nal, trong dd méi ion Kt 1a d6i xding bao quaﬁh bdi 6 anion metyl
va ngugce lai. Ankyl liti thuong t6 hop 0 dang tetrame, hexame trong dung méoi nén tan
trong dung moéi hitu co. .

Cac kim loai kém duong dién hon nhu Fe, Mg, B va Al llE':l‘l két C—Me la phan cuc
nhung mot phian céng hda tri. Cac kim loai trong cac hop chit nay khéng ¢ cdu hinh
khi trg. Sy thiéu electron nay giy ra cdu truc hda, tac nén lién két 3 trung tAm — hai
electron. Chang han, trimetyl nhém t6n tai dang dime, trong do’ hal nguyen tu AI [ién

k&t vdi hai nhom CHy:

HSCH“‘AI yd \AI .—--CH;
TN TNCH,

lién k&t ba trung tam hai electron

Thudng ngudi ta bi€u dien lién két ba trung tdm hai electron bing ky hiéu:

P

Trong lién két nay cd su xen phu ctia obitan ctia Al vdi obitan sp3 eua C va ¢é moét

cip electron cta C—Al, do dé dam bao cho Al ed cdu tric bat t electron.

Can chid ¥ rdng cdc hop chét co kim ton tai & dang dime cho dén polyme, & dang lién

két ba trung tAm — hai electron va § trong dung moéi, phan t& co kim ciing phdi tri béi
phan t dung méi:

~ _Br -
R, ~OCHy), - R / \M ,.-O(CH,CH,),
Mg g
K O(C,H,), (CH,CH,,), 0/ BT R

Hop chit co kim cia nhdm IV (Si, Ge, Sn, Pb) cd du electron d€ tao lién két c{ing'
hoa tri nhu lién két cong hoa tri binh thudng. Lién két C—Me & day khong phan cuc lan.

Tinh chidt cia cdc hop chdt nay giong hop chét hitu co, Ching han, tetrametylsilan giong
cdu trac cua neopentan.
Trong cdu tric co kim, kim loai ¢d cdu tric ti dién vé6i 4 lién két cong hda tri véi 4

nhom ankyl:

H c\ ;,CH:,) HyC.  ,CH,
P
N R
H,C H, H,C CH,
tetrametysilic tctramietyl chi

10 = 26,50 (0 = 1100

f———= s m)
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Hgp ch&t co kim nhém V, nhu Sb, Bi, ¢d cdu tric hinh thap, trong dé kim loai con
cd cap electron tu do, tudng tu nhu NHj: |

- 9

Sb, Bi_

"-..\H H.‘h
AN-D / N\ CH
e CH; HsC  Chs

trimetylantimoan trimetyIbismut
0 =80,6°C (g = 116°C

9.4. TINH CHAT VAT LY CUA HOP CHAT CO NGUYEN TO

—p— R | | [ S—ye———

— Cac hgp chat co kim dé phan huy trong nudce, dé tan trong dung méi aproton trg,
thudng dung ete va ankan. Do tinh hoat déng cao va tinh tan trong dung méi hitu co nén-
binh thuong ngudi ta khong tinh ché& hgp chat co kim va dung ngay dung dich dé ma
khong tach ra.

Bang 9.1. Tinh chat vit 1y cha hop chit co kim

Hop chit - t .(°C) t. ("0
CH,;CH,Li | 95 thang hoa & 95°C 1
(CHj)),Mg 240 thueong tring hop
(CH; )z Al 0 130
CH3AICH | 73 ~97-100
(CH;),Cd | -45 | 106
(CH,CH, ), Hg — 96
CH;yCH,HgCl 193 - thang hoa & 40°C
(CHy)3Ga -19 56
(CH;);Te 38,5 | 147
(CH,),Si | — 265
(CH,),Ge -~ 88 43
(CH;)4Sn -55 o 78
(CH5),Pb | | ~275 - 110

9.5. TINH CHAT HOA HQC CUA HOP CHAT CO NGUYEN TO
O day chi ndi t6i nhitng tinh chdt hda hoc chung cha loai hgp chdt co nguyén té.

9.5.1. Phan ng thuy phan

Cac hgp chit co nguyén to rat dé phan dng véi nude. Nhiing kim loai ¢6 giad tri 4m |
dién khoang 1,7 hay thap hon, phan ung véi nuéc cho hidrocacbon va hidroxit kim loai.
Kim loai cang duong dién, phan tng thay phin cang nhanh, di€n hinh la ankyl liti, ankyl
magie va ankyl nhém:

CH,Li + HOH — CH,; + LiOH
CH,CH,MgBr + HOH — CH,CH, + MgBrOH
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(CHy),Al + HOH — 3CH, + Al(OH),
Phan dng co tAm quan trong d&€ téng hgp cdc ankan chia dbng vi:
CH,CH C(CH3)2 + D,0 — CH,CH C(CH3)2 + DOMgBr
MgB1 D
Cédc ankyl kém va ankyl cadimi ciing phan dng véi hcfp chat axit, nhung khéng manh,
con hop chit cua silic, thiée, thiy ngin bén véi nudc nhung cling bi thuy phén trong dung

dich axit: |
(CH CH2)4Si + 4HCl —> 4CH CH + SiCl

Tuong tu nhu HOH, ciac hgp chdt cd kim ciing phén itng vdi ROH hay axit

cacboxylic:

(CH3),C-Li + CH,0H — (CH,;),CH + CH,O"Li* . .

9.5.2. Phan ung vdi halogen

Nhiéu hop chédt co kim phan dng manh véi clo va brom:
R-~Me + Cl,— R-CI 4+ MeCl
song phan dng khéng dung vi hop chat co kim duge téng hogp ti RX

Trong phan ting thdy phan hay halogen hda:
CH, MgBr* + Br'—Br~ — CH,Br + MgBr,
CH,CH=CHLi + H-OH — CH,=CHCH, + LiOH
C,H,—HgC,H, + ClHg-Cl — 2C ,H.HgCl
la nhitng phan dng xay ra do sy tan cdng cua tdc nhén electrophin vao cacbon nén nhitng
phan Ung nay goi 1a phan ung thé S, thudng gip trong cdc hdp chit co kim. Phan dng
cing xay ra theo co ch& S.1 va S g2, tuong tu nhu S 1 va SyZ2- Chu y rang, trong dai da

~ 86 phan dng hitu cg, hop chat co klm thuong tham g1a nhu la tic nhan nucleophin nén
nam trong phan dng thé& Sp» ¢on ¢ day hop chét co kim 1a chit ban d4u chiu su tdn cong

cua tdc nhan electrophin nén la Sg. Tuy rdng quéd trinh nghién cidu co ché& va hda hoc
lap thé€ cua cac hgp chat co kim chufa day du, song cling di cd mot s6 dit liéu vé phan
ing S nay.

Dm voi nhing hgp chit co kim ¢d kha niang phan dng trén thudng xay ra theo co
ché& S;:1 ma hda hoc lap thé di dude nghién citu khi tac thanh cacbanion bén. Chang han
hgp chit co natri clia «—phenylpropionitrin dé& phan ly thanh cacbanion ban:

Anion nay bén do gidi téa dudge dlen tich Am véi hé electron 7 ctta nhan benzen va

nhom nitrin:
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CliH

s
/Cx
Q/C Cayps <> O Ci- ——> O Can v

Cacbanon bén can c¢é ciu tric phing hay hiu nhu phang dé€ cd su giai téa cuc dai,
ton tai ¢ hai dang nghich dao & trang thai can biang, nén theo nguyén tac sé thu dugc
sAn phdm raxemic hda khi tdc dung véi tdc nhan electrophin. Tinh lap thé thuc t& phu

thudc vao dung mdit.

Néu diung dung mdi nhu DMSO hay DMFM cé kha nang solvat doi xdng cacbanion

thi s& thu duge san phfim raxemic hda hoan toan:

| ?H3 | ?Hf* . I
_ — - HX
C™ 4 (CH.,).SO . > O=5....... C ... S=0 — ~(C-~H
7/ '\ (CH); /N |
CH, CH,

raxeniat

Né&u tién hanh phan dng trong dung moéi 1a ancol ¢d kha nang solvat hda bang lién
két hidro thi su solvat hda & phia dién, nén thu dugc san phadm bdo toan cdu hinh:

. R1 4+
N\ + = > = """EKH""'O"
RE""}C“D + K O CfCHa)a - ;;C\'---.._H D’,’-"" \C(CHS)
{ R, R, ’
. (CH;)C-OH lT
» R‘:fc H  +  KOC(CH,) ‘Ff - 0
S o = -
*‘-’R/ > 7\ SH \\C(CHH)E
, R, R

o 1oan ¢iu hinh

Né&u dung dung modi aproton phan cuc nhu metanol, etylenglycol, su tidn cong vé phia
sau s& thuan lgi hon nén cd san pham quay cau hinh, |

Déi véi phan dng S;.2, cdc hop chdt co kim hoat dong cho san phdm raxemic hda,
nghia 14 tdn cong dién va sau nhu nhau, con d6i vdi nhitng hop chat co kim kém hoat
dong thi su tén céng dién cd uu tién hon nén san phdm uvu tién 13 sdn pham bao toan
cdu hinh.

9.5.3. Phan tung vdi cdc nguyén té O, S

Hop chédt co kim dé phan dng vdi oxi, nhiéu chat co kim chdy tidc thdi trong khong
~ khi, do d¢ phai téng hgp cdc hgp chét co kim trong khi tro.
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Phan dng clta R—Me vdi 0,:
R— Me + O, —— R~0-0-Me
R-0-0-Me + R—Me — 2R-0—Me

Phan \dng ¢d ¥ nghia 16n d€ didu ché& ancol khi khong dung duoge phan ﬁ‘ng SnI hay
SN2 do ¢ khd khan khéng gian hay chuyén vi, chang han: -

-,

H3CI: (IjHB’ My HS(% (.}H:} O, HOH H3(% -?Ha X
CH,C—C~CH, By > CH,C—C~CH,MgBr > CH,C~C—CH,OH
H,C CH, H,C CH, H,C CH,

| - (70%)
Né&u ti€n hanh & nhiét do thdp cd thé thu dugc hidroperoxit: |

H* | o
R-Me + O,— ROOMe — ROOH T —

Luu huynh ciing ¢ phan wng tuong tu:

HOH, H+
8R—-Me + S,—> 8R—S—Me > 8RSH

9.5.4. Phan Ung cdng vao lién két ngin

Cac anken khd cong véi cdc hgp chit co kim trir khi anken ¢d. nhém thé phén ¢
manh, nén phan dng chinh cta hgp chit co kim 14 cdng vao lién két dbi cacbon—dij t6,
nhut nhém C=0 véi tdc nhan R—Me 13 nucleophin.

Chang han phan dng:

I-R—Me
CH,CH=CH-CO-CH, - > CH;—-CH~CH,-CO-CH,

2—-HOH, H
R (75%)

Trong ky nghé, ngudi ta ding hop chit co nhém phdn dng véi etylen d&€ diéu ché
hidrocacbon mach dai hon:

| CH,=CH,  CH,=CH,
CH,CH,AI(C,H,), > CH,CH,CH,CH,AI(C,H), >

— CH,CH,CH,CH,CH,CH,AlC,Hy),, ...

Phan dng dac trung 1a phin dng cong viao nhém cacbonyl theo co ché& céng
nucleophin:

>C=0 + R—-Me » _C—0"-Me*
R

chu yéu 14 cong vao andehit, xeton, axit va din xuit,

9.6. HOP CHAT CO NATRI VA CO LITI
J.6.1. Cau trac cua hgp chéit co Na va Li

Hgp chat co Na va co Li 1a nhiing hgp ch4t rat hoat dong, dé phé&n ung véi oxi, hoi
-nudce va nhilng hgp chat ¢d hidro linh dong cung nhu nhitng lién két ngan C=C, C=0,
C=N. Cac phan ng nay tuong tu nhu & hgp chét cd Mg & sau. DAn xudt natri hay liti
thuong diéu ché bing tac dung truc tiép kim loai v8i RX hoac véi co thiy ngan RZHg:



88 HOP CHAT CO NGUYEN TO

R-Cl + Na — R—Na + NaCl
R,Hg + 2Na — 2R—Na + Hg

DAn xudt dung nhidu nhét 14 cg Li ¢d tinh tan t6t hon trong dung moi hitu co nhu

ete, hidrocacbon.

Cac ankyl, aryl—natri, kali 12 chdt ran ion, khong mau, khong tan. Benzylnatri va
triphenylmetylnatri tan trong ete cé mau do tim. Cae metylliti, etylliti, arylliti 1a chéat
r4n, con ankylliti khac 1a chdt léng, tan trong dung méi.

Ankylliti t6 hop trong dung dich (miic d¢ t6 hgp 2—6), nhu metylliti la tetrame, trong
d6 céc lién két khong phai bing cap electron ma biang ciac obitan nhigu trung tam.

Cacbon trong (CH,),Li co phdi tri 5. T4t ca cac ankyl va aryl kim loai kiém tu béc
chay trong khong khi, phan tich manh thanh ancol, nudc va axit.

C | ,F:_ o ?‘\
/
. . !
Al L /
Li /
/
;"
Li
(. e Ry gl g =
L.I C \\
C \

Hinh 9.1. M6 hinh tetrame ciia metylliti

9.6.2. Tinh chit héa hoc cua co liti va natri

1) Hop chat oo natri va liti dé th& bang nhitng hidro proton hda manh, do dd, hay
dung d& xidc dinh thang axit cua hidrocacbon ma khong bao git ¢d thé xac dinh dugc
bang cdc phuong phdp hda ly. Chiang han, nhitng phan ung sau:

HC=CH + 2C . H.Na — NaCECNa + 2C H,

f .
_ CH, + C,HoLi —— - Lt 4+ CHy
@—OCHE, + CHLi  —— {:_}-“OCH3 + C,H,
Li
H, Hw L
@O + CqHsLi — @ +  GHio

| e s m——
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2) Hgp chét co natri hay liti tham gia vao phan dng trao d6i véi arylbromua hay di
vong tham thé brom, dung dé€ téng hop cdc hgp chét co liti cia hop chat thom va di vong:
Ar—Br + R-Li — Ar-Li + R—Br
ete
CegHsBr + C,H)Li —— CH.Li + C,HyBr
(85%)

Phan dng cha dan xuft bromua va iodua xay ra & nhiét do thap, nhu 12 phan tdng
thé halogen hinh thanh muéi liti ¢d anion bén viing hon.

3) Phan dng Wirtz va Wiirtz —Fittig, dung d&€ didu ché& hidrocacbon ¢g mach cac hdgn
hay dan xudt ankylbenzen

2R—X + 2Na —s R—R + 2Na¥X e

Phan dng di qua hgp chdt trung gian co natri va phan dng giita co natri véi din xuit
halogen:

R—X + Na -» RNa + NaX
RNa + RX » R-R + NaX

Phan dng nhu la phdn ing S.2 (hay S5g2 néu xem phan dng tdn cong ngudc lai) voi
cd natri ]a nucleophin:

CH;—-Na' + CH,-X ~ CH,—CH, + NaX
Néu dung hai R—X khac nhau cho bdn san phd&m khsac nhau.
Phan dng dung ddn xuit thom va béo, goi 1a Wirtz—Fittig, cho ankylbenzen:
C¢HgBr + CH,(CH,),CH,Br + 2Na - C,H,CH,(CH,),CH, + 2NaBr
(65—70%) _
Trong phan ung trén, Na phan ing v6i aryl bromua dé& hinh thanh arylnatri phan
uUng vai ankyl bromua theo co ch& S 2 trén:
CcHsBr + 2Na — C H.Na + NaBr
C¢HsNa + CH,(CH,),CH,Br —> CsH;CH,(CH,),CH, + NaBr
4) Cong hop vao néi doi cua anken '
(CcH),C=CH, + C,H,Li — (CGHS)ZCIT—"CHZC34H19

Li
?Hs CH
©=C-CH3 + CeHsli —s C CH,
| Li CE
CH,= C CH= CH + R—Li — R-CH, C CH-CH,Li
CH, - cH,

Phan iing sau cd kha nang phan wng tiép véi dien dé thuc hién phan dng trung hop
cho caosu cis—polyisopren tuong tu nhu caosu thién nhién:

CH, - H ?Hg CH H H,C H
N / " 3N %

C=C + CH,=C-CH=CH,, — C C C-—-C —
/N 2 2 \

N\
RCH, CH,Li RCH2 CH, CH CH,-Li
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CHC o H | HG H
/C=—C\ f,C—C\ | Li
R —CH, CH, {-CH,; CHyt
i | 1

Néu dung hdp chit co natri; caosu natriisopren khéng cd tinh digu hoa lap thé vi co
kha nang cdéng 1,4 va 1,2 nén ciu triuc caosu natri khong digu hoa.

5) Hgp chdt cd natri va liti cd kha nang ankyl héa bing RX, ngay san phim cong
dime cua hai nguyén tu liti va natri caa hidrocacbon thom khéng bén citng ¢é phan dng

nay: | -
| H  CH; - o
+ 2C,H, Br — .‘]‘ + 2LiBr
H™ ¢, H,

6) Hop chat co kim liti thudng ding dé€ didu ché cac co kim khac bang tuong tac
RNa hay RLi v6i mudi caa kim loai khac:
(CH,),CLi + 8iCly, —— (CH,),C-SiCl; + LiCl
2CH,CH,Li + ZnCl, — CH,CH,—Zn-CH,CH, + 2LiCl
7) Hgp chat co liti thuong dung diéu ché ancul bac cao ma céc hop chat RMgX khong
thuc hién duge,ching han:
(CH;),CHCCH(CH,), + (CH,),CHLi — [(CH,),CH],C—-OH
O triisopropy lcacbinol
hodc dung truc tiép Na:
(CH;),C-C—C(CH;),; + (CH,),CCl + Na — [(CH,);,C],C-OH
O tri—tert— butylkcacbinol

8) Hdp chat cao liti c6 kha nang tH.D phic vdi nhiéu hop chat ed kim khdc, dic biét

vdi dong:
R—Li + MeR — Li(MeR . )

R-Li + RCu —> Li(CuR,)
cling ¢d thé diéu ché ti: |
2RLi + CuX — Li(CuR,) + LiX

va cling dung cho arylliti:
2ArLi + CuX - Li(CuAr) + LiX

=] - 00
| THI: CquTHr -

0°C i —-700C

diphenylcuprat liti biphenyl
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Phan dng trén, goi la phuong phap cuprat, tranh duge nhiét d6 cao cia phan dng
Ullmann. Phan dng ¢ thé ding truc tiép vdi Cu:

2 z’
NO,NO,

2,2~ dinitrobipheny]
nhung chi ding véi aren khéng cd nhém chic phan dng véi arylliti tl;ung__g*iélh;
Tac nhan diankyl déng (diankylcuprat) dung digu ché& xeton tir clorua axit.
9.7. HOP CHAT CO MAGIE
9.7.1. Cau tric ctia hgp chit co Mg

Hgp chat co Mg ¢d cong thic chung dugc thita nhan 13 R—Mg—.X vol X 14 Cl, Br va

I.
R-X + Mg — R-Mg-X

Thuc t&, trong dung dich, hgp chét co RMgX tbn tai & dang dime R, Mg,X, cd cdu
tric cau theo ty 1 1:1;

X
-\
RzMg\XfMg

song dé don gian, ngudi ta bidu thi bang RMgX, goi 1a thudc thi Gi*ignard.
Diankyl magie trong trang thdi rian hay trong dung méi nhu hidrocacbon, ton tai &

trang thai polyme, trong dd mdi nguyén tit Mg vin cg vong bat ti tdm electron bang lién
két ba trung tam hai electron:

\M ’_,_..#RHHM/R\ R~ /
/ 3\R'.—~" S\ /Mg"‘\R-"'":MQ\

polyme diankylmagic

con trong dung moi nhu ete, hgp chat diankylmagie dugc phoi tri v6i hai phan ti ete:
bang lién két cho — nhan cia cdp electron cta oxi:

O(CH,CH
R

Mg
R*™  "SO(CH,CH

3)2

32
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RMgX trong dung dich khong phan ly ra cacbanion:
R—-MgX — R~ + "MgX
ma trong dung moi nhu ete, RMgX bi solvat bdi dung méi d€ on dinh Mg trong thubde
thi. | . |
Trong dung dich loang 0,2M, RMgX cd phoi trl v6i hai phan tu ete d trang thai
monome, con trong dung dich 0,6M, RMgX cha yéu ton tai 0 dang dime, trong dé mobi
Mg déu ¢ vong bat.ti electron do phdi tri v6i X va ete:

C,Hs 5 [:5 /CEH By
oo Mg HSC,“_‘M g'/ \Mg‘/O(CHﬁHQZ
7 O\ (CH?,CHz)zO/ AN / “CH,
CHs  C,H, Br

mery.l magie iodua eterat
Dung méi thuong dung la ete, cting dung THF va &imétmxyeten (DME).
Phuong phap quan trong la th& nguyén td hidro linh dong bang nhdm MgX khi tac
dung v6i thude thit Grignard d€ thu dugc hgp chit Grignard khic mét cdach gidn tiép:
HC=CH + 2RMgX —— XMgC=CMgX + 2RH |
HC=CH + RMgX —— HC=CMgX + RH

O +' RMgX —= "“ng + RH
LS - e

inden H MgX

| + RMgX —> @\‘“‘ﬁ
| | H Mg X

fluoren
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Phan dng thé€ ciing xay ra ¢ nhitng xeton cé hidro a hoic f# linh dong:

06H5—CH2—%—OCZH5 + CH,MgBr — CﬁHs"'(EH_%_OCzHS + CH,
O BrMg O

Ii
BrMg O

CoHs—CH,~G~OH + 2CH;MgBr — C H;~CH-C—-OMgBr + 2CH,
Néu trong phan t& RMgX cd nhdm di ra t6t & vi tri # d6i v6i cacbon—Mg thi thuée
thi nay khéng bén, nhanh phan tich thanh anken va mudi Mg:

} nhanb y
L-C-C- MgX > C—=C{+ MgXL

Chéng han: R

Br-CH,-CH,-MgBr - CH,=CH, + MgBr,
ching minh cho co ch€ debrom hda cia din xuit dibromankan khi ¢ téc dung cua
Mg: |
Bng~¢—¢—Br - Bng"’@é-—@ +;C=C:+ MgBr,

| Néu trong phan ti RMgX cé nhdm chdc c¢d kha nang cho hidro, nhém chic nay la

chét cho proton tdc dung nhu la moét axit sé phan dng v6i thanh phin C—-Mg c¢6 tinh
bazo nén lam phan hdy phan td: |

A-H | A~

nhanh l o
—C—(C), ~C —MgBr » —C—(C),—C-H *MgBr

—A—H la nhdm chic axit

vi th& khong cd thé thu dude RMgX ¢é nhém chic nhu’-SH, OH, NH,, COOH, SO, H
trong phan ta cung vdi nhom CMgX:
| H5-CH,CH,-MgX — XMg+'S-—CHZCH2H

_CH,MgC _CH,—H
H,N-CH,-CH > CIMg*HN—CH,«CH

N \ .

CH,CH, CH,CH,

Cd thé€ ndij ring, dan xuit halogen cd chia nhitng nhoém trén khong cd thé didu ché
dugc RMgX bén.

9.7.2. Tinh chat héa hoc cia RMgX
1) Phdn itng voi hop chit cé hidro linh dong

Thuéc thd Grignard 14 mot bazd, c¢d kha ning phan dng v6i axit y&u tao thanh
hidrocachon.
R-MgX + HA — R-H + MgXA
Nhitng axit yéu nhu H,0, D,0, ROH, RCOOH déu phan dng véi RMgX cho

hidrocacbon.
Mg HOH
CH3(CH2) 4CH2B1" — CH3(CH2)4CH2MgBr —> CHS(CH2)4CH3 + MgBr(OH)
ete (90%)
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- Mg HOH -
CH,CH,CH, Cl — CH,CH,CH ,Mg(Cl — CH, CH,CH, +MgCl(OH)

CH,CH MgI + CH,CH,O0H — CH,CH,; + CH, CH OMgI
Phéan dng tién lgi cho phan dng diéu che xyclobutan tu xyclobutylhalogenua:

S S
L/ w7 T
Thay H,0 bing D,O sé thu dugc hidrocackon doteri héa:

CH,MgCl + D,0 —> CH,D + MgCl(OD)
CH,CH,CH MgCl + D,0 — CH,CH,CH,D + MgCl(OD)

——— 1w o mm m—

CH CH(MgBr)CH + D 0O— CH CHDCH + MgBr(OD)

Phan dng ding dé chuyén hda hidrocacbon thanh' hidrocachon chia ddng vi nﬁng’: |

Ci M
CH,CH,CH,CH, — 2 CH,CH,CHCICH, —— CH,CH (CHMgCICH, —

ele

. ¥

D,0

> CHBCHE'CI-IDCH3
2 —doteributan
2) Phan tng vii cdc nguyén t6: 0, §, X

Thudc thit Grignard phan Ung vai O S, X tao thanh nhting hop chat cé lién két C--O,
C-S va C-X:

RMgX > ZRrO—MgX
halogenmagieancolat - .
R—"ng + 02-—'?' R—O—O—ng
H,0, HY
' » R-0-0-H + MgX(OH)
hidroperoxit
HOH, HY _ |
8R-MgX + Sg—> 8RSMgX —— > SRSH + Mg(OH)X

RMgX + Br, — RBr + MgXBr
Phan tng nay thudng dung dé didu ché& ancol hay dan xudt halugen khi khong dung
dugc phan dng S2 va thuan lgi hon Syl do khﬁng co chuyen vi, chang han:

oot

HOH
» (CH,),CCH,OH

Mg
(CH,),CCH,CI > (CH,),CCH,MgCl -

i
2 > (CH,),CCH,I

3) Phdin irng thé

Trong phan dng thé, RMgX la tdc nhan nucleophin, nhung chi y rang RMgX 1a bazo
manh nhung 12 nuclecphin gian tiép:
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R-MgX + R'X — R-R’ + MgX,
Phan ung trén la Sy2, nhung rat cham;
- CH,MgX + CH,X — CH,CH, + MgX, cham ¢ 25“C
do dd, ngudi ta méi dleu ché duge RMgX tu RX va-Mg. |
Phan dng tdach cha RMgX cling x4y ra rdt cham theo EZ2:
CH,CH,MgX + CH,CH,X — CH,CH, + CH,=CH, + MgX,-
cham ¢ 25°C S

Phan ing Sy2 cia RMgX chi xay ra & nhitng din xudt rat hoat doéng nhu loai
allylmaglehalﬂgenua hoac nhitng dan xuidt ankyl nhu ankylsunfat ankylsunfanat la

nhiing tiéu phin cd kha nang phan (ng cao theo Sy 2:
CH,=CH-CH,(l + RMgX'~— CH,=CH-CH,-R + MgXCl
RMgX la tac nhan nucleophin yéu hon, tuy vay khi t6ng hop cdac hop chit co kim,
phan ing thé (phan Wng Wiirtz) va tdch nay cd thé cho san pham phu. Hop chét RMgX
cd thé phan dng vdi cac hUp chat ete vong theo Sy2 véi tu cich 1a nucleophin:

RMgX + cg\z ~CH,—> R—CH,~-CH,~OMgX

O
RMgX + (IIHZ—(;HZ———:- R-CH,CH,CH,OMgX
CH,-O
Nhiing vnng co suc cdng l6n méi cho phan dng nay, con vnng 5, 6 canh khnng cho
phdn @ng nay.
| Phan ung tong hgp theo co ché’ Sn2 cua phan ding Wiirtz & trén xay ra cham & didu
kién thuong. Phan dng x4y ra nhanh khi c¢6 xuc tdc CoCl, nhung theo cd ch& gic:

CoCli,
R-MgX + RX > R—R + MgX,

Phan dng xay ra theo co ché géc cd nhidu sdn phdm phu do ban chét cia gdc tu do
sinh ra. Chang han phan iing:

| Co(1, | | .
CH,CH,Br + C.H.MgBr » C,H,—CH,CH,
C,H;MgBr + CoCl, » C,;H,CoCl » CH: + *CoCl

' -MgBrCl T R

CH,CH,Br + *CoCl - CZH; + CoCIBr
CHs + C,H: -~ C.H,~CH,CH,
2CﬁH' -» C H —C H; (t5 hdp)

CH,CHS —“—> CH,-CH, (ify H tit dung méi Sol)

2CH, CH' —> CH,-CH; + CH,=CH, (chuyén khﬁng cin dm)

Nhu v4y phan dng cho nhigu sadn phdm phu ngoai san phdm chinh, phu thudc vao
diéu kién phan dng va gdc trung gian hinh thanh.

4) Phdn weng trao do'i kim loai

RMgX ciing dung nhiéu trong phin dng didu ché cac hdp chat co k:m khac
2RMgX + CdCl - R,Cd + 2MgXCl

e — ¢ — —— — — g —p—— e — R
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2RMgX + HgCl,— R,Hg + 2MgXCl |
Phan ing trao d6i xay ra khi hgp chit co kim cd ban chit ion manh hon muédi

halogenua kim loai khac thi phan ing xiy ra dé€ tao thanh muéi halogenua ctia kim loai

manh hon, nghia 1a d€ tao thanh muéi ¢é ban chit ion hon cua kim loai dugng dién hon:
2R-MgX + MeX, == R-Me-R + 2MgX,

x4y ra khi Mg duong dién hon Me
Me la Zn, Sn, Si, Cd, Hg, Cu.

5) Phdn tng vl oxil nilo

R—MgCl + 2NO > R—II\I——N=O > R—I\IT—NO
OMgCl HOH OH
sau khi thay phan tao thanh ankyl hay arylnitrozohydroxylamin.

6) Phdn ttng voi clorua nitrozyl
R—MgCl + CINO — R—NO + MgCl,
cho sadn pham nitrozo.
7) Phdn ting vei cloamin

Phan dng v6i cloamin tao thanh amin bac nhit, nhung tét hon la phan dng vdi
O—ete cua hidroxylamin:
R-MgCl + CINH, — R-NH, + MgCl,
R-Mg(Cl + H.N-O-CH,C.H; — R-NH, + C . H,CH,OMgCli
Phan dng phai dung du hgp chit Grignard. |

8} Phdn ting vii hop chidt bazo Schifft

R
|
Ar—N=CHAr’ + RMgCl — Ar—l‘;T—CH—Ar’ > ArNH—/CH—Ar’
MgCl HOH - R
Phan ung cho amin bic hai.
9) Phan wng voi azit
R-N=N*=N~ + R'MgX — R—N=N-N-R’ > R-N=N-N-R’
IJIgX HOH vt

1) Phdn ttng vei hop chit nitrezo

R-N=0O + R'MgX » R-N-0O-MgX —— R-N-OH
1'1:.  HOH Ii’

Phan tng tao thanh N—diankyl— hay N-—diarylhidroxylamin.
11) Phdn tkng cong vao anken

Phan dng cong vao ndi doi anken cia RMgX xay ra rdt cham:
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cham
~C=CZ+ R-MgX > 26-C<
R MgX

vi RMgX la nucleophin gidn tiép va y&u hon, ban than lién két d6i cia anken kém phan
cuc. Phan ung cd thé xay ra néu anken hay néi d6i ciia anken ¢é nhém hoat hda manh,
nghia la nhom hut electron manh va nhdt la nhitng nhém cé kha ning lién hc:lp a, B.
Phan tng cOng nay xay ra tuong tu nhu phan #ng céng cia Michael:

Chang han phan vng:

dang enol cla este

Phan ding xay ra theo phan ¥ng céng 1,4 hoic 1,2 nhu phan dng v4i 3—penten— —2—on
cho ty 1& san phdm 1,4 va 1,2 1a 3:1

CH,
RMpX - /
CH,CH=CH-CO-CH, > CH;~0H-CH,—~COCH; + CH;CH=CHC-OH
R - R
(cong 14; 75%) ' (c{:‘nng 12; 25%)

Ty 1é san phadm (1,4) va (1,2) rdt phu thum: vao hleu ung khong gian. Chang han so

sanh hai phan dng sau:
1- szHg 'BI'

CH,CH=CH-CH=0 > CH3CH=CH(I3H—CZH5
andehit crotonic 2—-H*, H,0 OH
4—hexen—3—ol
1-C,HMgBr - C,H,
CH3—CII=CH—(;J=O T HZO > CH, —C CH- C CH
CH, CH,. CH OH
4-metyl-4—penten—2—on 39— dimelyl— 4—-hexen—3-ol

Nhu vay phan ung cong vao néi d6i C=0 nhanh hon dong thoi chiu A&nh hudng khong

gian.
12) Phdn itng cong vaoe lién két C=N

Lién két = trong C=N phan cuc hon lién két = trong anken do N am  dién hon
cachon. L
Hgp chat RMgX cong hop vao nhom C=N tuong tu nhu vao nhém C=0:

R-C=N + R'-MgX — R-— C=N-MgX
R}
Thiy phan sin phdm coéng nay cho xetimin khong bén trong digu kién phan ing dd,

- —— p—— e egy—— fh —— — —
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nén thuy phan tié€p thanh xeton:

H,O, H* H20
R—C=N-MgX »[R-C=NH] — R-C=0 + NH,

R!‘ | R:H. | R!

13) Phadn ttng cong vie nhém C=0 cua hop chit cacbonyl

Nhdm C=0 la nhém phan cuc manh cho kha nﬁng. phan, ing nhanh véi RMgX (hay
néi chung 14 R—Me) theo co ch& céng Ay vGi tdc nhan nucleaphm 1a R—MgX.
RO~ S +Mgx +.C°t=0%"— R- c O—MgX
~ va hinh thanh lien két méi C~C.
| San phdm duge thuy phan trong moéi trudng axit dé tao thanh ancol:
HY, H,0 |

[
R—C—OMgX > R-C~OH + MgX(OH)

Né&u san pham nhay véi méi trudng axit thi ¢d thé thiy phin bang dung dich clorua
amon bdo hoa.
RMgX tac dung v8i nhdm C=0 cua andehit va xeton:
HCHO + RMgX — RCH,0MgX — RCH,OH (ancol bac 1)
RHO + RMgX — R,CHOMgX —> R,CHOH (ancol béc 2)
RCOR + RMgX - R,COMgX -— R,COH (ancol béc 3)
Phan tng diung dé didu ch& ancol bac khic nhau phu thudc vao cdu truc hop chat

cacbonyl:

Mg cte CH,O H*, 0 |
—C) > > > —\ (64-69%)
Ol!

Mg, ete  CH,CHO HY, H,0 | (53~ 54%)
Br ? > > /Y

- OH

HO

| Mg’ tle )\/"\ HEC}-I- )\)&/
\//Br > > >

Ancol bac 2 va 3 cd thé di tit RMgX va hop chat cacbonyl khac nhau nén phai chon
didu kién thuc t& dé tong hop sao cho tdc nhan cd d§ nhay phan dng cao va tdc nhan dé

tiép cin, chang han:

CH,MgBr + CH,CH,COCH,CH,CH; —_ OH
CH,CH,MgBr + CH,COCH,CH,CH, —> CH,CH, C CH,CH,CH,
CH,CH,CH,MgBr + CH,COCH,CH, CH,

Ndéi chung phan ding cia RMgX va hgp chit cacbmnyl cho hiéu sudticao, hdu nhu dinh
luong, song vi hidu dng khéng gian cua géc R trong RMgX va trong xeton didu ché& ancol
bac ba lén nén phan dng khéng thuc hién duge. Trong trudng hgp nay san pham phu sé
canh tranh la phan tng enol hoa va khu.
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Su enol hda khi xeton ¢d nguyén ti hidro a:

0 MgBr MgBr .
\[)l\’/+ I'"‘H s MgBr —» WX}/ CH, + RN

Trong phan dng nay, tac nhan RMgX hoat dong nhu 13 moét bazo hon 1a mot
nucleophin, tiach ldy H, d xeton d& thanh ion enolat. N&éu ¢é nudc trong phan ing thi
enolat bi thuy phan cho trd lai xeton ban dau. Qua trinh xay ra nhu sau:

e Phan Ung cong:

| | _H
‘\'\.C.—*H EIQ 5 "“‘\-C..--'H R """*sC.-*"'
| 5+ Mg -_— 1*"""‘“*1 —> |
- -2..*,‘«..0&-" * '__,.-C'--u.o__ M‘g\x (F R
OMgX

Néu R cd thé€ tich 16n, phan dng cong vao C=0 giam, R tach ldy H_ theo co ché enol
hda:

¢ Phan ung enol hda:

H
\Cx"’ “\C,—-”
“C f}z — = | + RH
NG -~ C\O—ng

San phd&m tao thanh enolat 14 mudi ctia ancol—a,f~chua no.

Thiy phén enolat nay s& tao thanh enol khénbg bén, d6ng phan-hda thanh xeton ban

dau.
\/ \ / A\ /H
C + C C
” H,0, H . ” .
C C C
/ \OMgX / \OH / \\O

Phan dng enol hda khi xeton cd H_, trong dd xeton nhu 1a mét axlt tach H, cho
RMgX. Xeton khong cé H , 6 khéng enol hda.

e Phan ung khu: |
Su khu xay ra khi trong gée R cia RMgX cd Hﬁ khi c¢6 an ngit khong gian d€ khéng

co phan ting céng vao C=0, s& xay ra phan d¥ng nay: nhom xeton bi khit va hinh thanh
anken.

F . . . . - = ke E ot e — p———— — T ——
I
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OMgBr

| 0 |
1 /]\ ~ P
\I/Y " MgBr N

San phdm hinh thanh 14 anken va ankoxit magie ma néu thiy phan cho ancol bac
hai, 12 san phadm kha cua xeton:

Ny
H-7 % H

| ~ N
__Ca\{a& Mg‘"“)f fC\Ong + /C""C<

| Hﬁ trong R cia RMgX tach ra & dang H™ két hop vao C=0, géc R trong RMgX
chuyén thanh anken, con mudi thiy phan cho ancol béc hai, tuong tu nhu khi kht nhom
- ¢acbonyl.
. I
~C=0+ H, — —(IJ—OH
H
néu trong RMgX khong cd Hﬁ thi khéng cd sdn phadm khi.
Cac phan dng phu dé phu thudc vao cdu tric géc R ctia RMgX, chiang han phan dng
cia RMgX véi (CH;),CHCOCH(CH,), cho san pham véi R khac nhau: -
((‘11-13)2(“}1:{--‘LE—CH(CHB)2 + R—MgX —

O
R San phdm San phdm  San pham S6 Hy
cong % enol hda% khu%

CH,— 95 0 0 0
CH,CH, 77 2 21 3
CH,CH,CH,— 36 2 60 2
(CH4),CH— 0 29 65 6 -
(CH,),CHCH,— 8 11 781

Nhu vay, phan tUng cong cht x4y ra khi R cua RMgX la CH, va CH,CH,—, v6i
CH,CH,CH,— hiéu suit da gidm nhiéu.

Su enol hda x4y ra véi gbc R bac hai hay ba, nhét 1a goc neopentyl.

Su khi phu thudc vao s6 Hy du la bac mot, hai hay ba. Su chuyé&n H~™ tu vi tri bac
ba dé hon, khd nhat tit vi tri bac mot. RMgX khong cé Hg khong cd phan tng khi, nhu
truong hdp metyl va neopentyl.
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Vi thé, khi thuc hién phan dng cong RMgX vaoc xeton, cadn phai chon digu kién vé
cdu trac chat ban dau dé han ché& cdc phan ting phu trén. Ching han, khi digu ché ancol
bac 3, nguoi ta dua nhom cd thé tich nhd nhit vao giai doan céng cia nhém cacbonyl:

(CH,;),CHCH,COCH,; + CH,MgX — (CHE)ZCH_CHZ(IJ((3H3)2
OMgX
uu tién hon la: |
(CH,),CHCH,MgX + CH,COCH, — (CH:,,)QCHCHZ(II(CH:;)2 .
| - OMgX

RMgX cing cOng hdp duge v6i dan xuit cta axit nhu cloranhidrit hay este. Thudng

axylclorua phan Ung v6i hai phan tt RMgX dé cudi cung cho ancol bac ba:

R e
CH3—(IJ=O + RMgX — CHB-—(:?'—OMgX |
Cl Cl
hdp chdt cong khong bén nay nhanh phan tich:
R
CH,~C—OMgX —> CH;~C-R + MgXC]
Cl O
vVa; |
B H,OH+ (Hy
CH?‘—(FI_R + RMgX — CH3—-(IJ—OMgX > R—(;—OH-
O R R

Phan {ng cua axylclorua vdi RMgX khong thé dung d€ téng hop xeton vi cé phan
Ung cua xeton v6i RMgX ngay sau khi tao thanh, nghia 14 nhanh hon clorua axit. Néu
tién hanh & nhi¢t do thdp, trong mét s6 trudng hop cd thé tach ra duge xeton. Mudn didu
ché& xeton, cAn dung hdp chit co kim kém hoat déng hon, +thuong dung RCdACl, cd kha
nang phan Wng véi axylclorua nhung céng hop rat cham véi nhém cacbonyl cta xeton:

R-MgX + CdCl, — RCdCl + MgCl,

R
CHy~G~Cl + R-CdCl —>[CH;~C~Cl] > CH,;~C~R + CdCl,
O 0CdCl O
Este ciing cong hgp vai RMgX tuong tu clorua axit cho ancol bac ba:
R
R’COOR” + 2RMgX —— _,R;C—OMgX + R”OMgX
R
J, H,O, HY
R”—(IJR2 + MgX(OH)
OH

Trudng hgp dung ankylfomiat cho andehit: |
RMgCl + HCOOR’ — R-CHO + R’OMgCl
Phan ung véi este cd giai doan sau 1a phan dng trao d8i géc ankoxy cho mot goc
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thudec thit Grignard, song thuc t& phan ding x4y ra ¢ cad hai giai doan qua trang thai
chuyén vong vdi hai phan tu Grignard: | - S

R\ R" R"*--. -*'R“x A
M ~“Mg—X R K
R0 [l:[+ ? " —s RO” (II: ,,g — ,:C” + R MgX
0 _R 0 (R RO e
Mg 'Mg g9
I I
X X
Rff Rﬂ, R"’ 'Ru )
R—C Mg—X R-—C Mg —X ? e\
1T+ — — OMgX -+ E’ng
g0 d b T O O R Je-Ougx + R
R’ 'T'g R r;dg. - | ROM_gx |
X X '

Néu nhu dung amit thé thay cho clorua axit hay este thi chi can dung mdt duong
luong mol RMgX va la phuong phap t6t dé€ téng hop xeton. Cac amit th€ tao duge san
phdm cong vdi RMgX bén hon 1a san phadm cdng cha clorua axit va este véi RMgX. Su
phan tich sin pham cdng cia amit cho xeton vad amit magie halogenua rat khoéng thuén
lgi (v6i clorua axit cho xeton va magie halogenua, vdi este cho xeton va ancolat magie)
nén chi phan tich duge khi ¢6 nudc va axit dé cho xeton va mudi ctia amin:

CH,-CON(CHy), + RMgX—> CH,CRN(CH,),

OMgX
R /CH3 B S B S S
CH.— C— _N _CH,-CO-R+ MgXCl +H N*(CH3)2(31‘“
> 1 \ HOIL 11Cl T |
OMgX CH,

Hogp chat RMgX cling phan dng véi CO,:
R-MgX + 0=C=0 — R-;(Iji-—omgx
O
Hop chidt nay Ia mudi cua axit cacbonic con cd lién két C=0 nén co kha nang phan

ung tiép v6i RMgX :
|
R-COOMgX + RMgX -» R- C—OMgX
| Ong
Song thuc t&€ thi phan Ung nay xay ra cham ngay ¢ nhiét do phong nén de ngian ngua
hién tugng nay, ngudi ta cho RMgX tdac dung véi khi cacbonic kho nghién nhé, sau dd
thuy phan trong moéi trudng axit dé thu duge axit tang mot cacbon:

HCI
R-COOMgX > R—COOH + MgXCl

Hop chdt co kim dimagie thu dude tu hgp chat dihalogen véi Mg:
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. Br(CH,)Br + 2Mg — BrMg(CH,) . MgBr
khi edng hgp véi hop chat cacbonyl s& thu dugc san pham vong:

[- CI3COOCH, /CHz‘CH\% LH,
BiMg(CH)MeBr — e 1, 3
CH,-CH, “OH

9.8. HOP CHAT CO KEM

Khi tac dung RI vdi day kém sé thu duoe RZnl ma khi chung cédt khan muéi nay sé
thu duge R,Zn, la chét 1ong béc chdy trong khéng khi:
 RI 4+ Zn— R-Znl
2ZR-Znl — R-7n—-R + Znl,

Hop chét co kém eling ¢d nhitng phan dng tuong tu nhu hop chat co Mg, dung téng
hop rugu bac mét, hai va ba:

HOH

HCHO + Z/nR, — RCH,0ZnR > RCH,OH + Zn(OH), + RH
HOH
RCHO + ZnR,— R—(FH—OZHR’——-—* R—CEH—OH + Zn(OH), + R’H
R] R! .
R R |
\ ' HOH I
RCOR + ZnR,-— R—/C——OZnR - > R—-?—OH + Z2n(OH), + R'H
R’ R’
R! - Ri
| IHHOH |
R-COQCI] + ZnR’, — R—(II—OZHC] _ > R-—(']-—.OH + Zn(OH)CI]
R’ R’ |

Hop chat ed kém tro hon hgp chit co Mg, nhu khong phan dng. vdi CO, & diéu kién
thuong. Hop. chdt RZnCl kém kha nang phan ing hon nén dung d€ téng hop xeton tir
cloranhidrit v&i hiéu su4t cao hon khi dung RMgX vi RZnCl phan tng rdt chAm véi xeton
hinh thanh nhu 14 sdn ph&m trung gian bén.

Hgp chat co Zn phan dng véi tic nhan loai HA nhu hgp chdt co Mg:

R,Zn + 2HA — ZnA, + 2RH

Tac nhan co Zn duge ding tuong tu nhu co Mg khéng cd gi wu viét hon trit khi tic
dung mét hgp chdt e¢d kha ning phan ung cao nhu a—bromeste vdi andehit hay xeton khi
co mat Zn, goi 14 phan dng Reformatsky, trong tong hop cdc hidroxyaxit hay hydroxyeste:

CH, CH,
Br—CH-COOC,H; + Zn B9, By7n_CH-COOC,H,
- I, hay HgBr, ‘

CIE 'LFH3 . (?ZnBr
CH@—C—CHs + BanCHOOCzHS———} CH3 —@-(IJ—(FH—COOCEHS |
_HSC CI-I3

p —metylaxetophenon H,0, H*
H,C CH,
' I
CH, “@-— C=C-CO0CH, =
etyl—2—metyl—3-p —tolyl- 2 — butenoat
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Phan tng thudng cd xidc tac I, HgBr hay CuBr va uu viét hon co Mg la dan xuét co
kém nay khong ¢d kha nang tdn cdng vao phan tu este khac.

9.9. HOP CHAT CO THUY NGAN
9.9.1. Cdu tric cua co Hg

Hop chit co thiy ngin tdn tai 6 hai dang R,Hg va RHgCl:
R-MgCl + HgCl, > R—HgCl + MgCl,
2RMgCl + HgCl, > R,Hg + 2MgCl,

RHgX va R,Hg cd su chuyén hda theo cac phan Ung khac nhau:
2RHgX + 4KCN — R,Hg + K,[Hg(CN),J*~ + 2KX

9RHgX + 4KI —— R,Hg + K,[Hgl,]>~ + 2KX R

2RHgX + 2NH,—> R,Hg +[Hg(NH;),]**2X"

va.
R, Hg + HgX,—> 2RHgX

Cac hgp chdt khong d6i xdng RHgR’ kém bén hon hgp chat d6i xﬁng didu ché qua
thudc tht Grignard:
RHgX + R'MgX — RHgR’ + MgX,
va thuong RHgR’ khi dun ndng chuyén hca nhanh thanh R, Hg:
2RHgR’— R’,Hg + R,Hg
Hop chat khong déi xidng cang bén khi hai géc th& ¢d d6 4&m dién khac nhau cang
161, ching han, hop chat RHgCN bén nhit, con ArHgAr’ kém bén nhit. Phan tdng tong
hop cdc hop chdt co Hg khdc cd thé diung phan dng th€ nhing hop chat co hidro linh
dong bang goc HgX, nhu cac heé:
X—CHZ—(IJ=(:3', X-—CHZ—-(II=O, XﬂéH;CEN:

X—CHZ—('3= + Hg — XI—Ig-—CHz-—CII=
hoac bang phan dUng cong vao lién két ngan cua olefin hay axetylen:

HC=CH + HgCl,—> CICH=CHHgCI
HOH | |
H,C=CH, + Hg(CH,CO0O0), » HOCH,-CH,-HgOCOCH, + CH,COOH

CH,0H
H,C=CH, + Hg(CH,C00), ———> CH,0CH,-CH,HgOCOCH,

Cac hop chét co Hg thom ciling thu dude bang ciac phidn dng sau:
C.H, + Hg(CH,CO00), » C.H.—Hg-~0OCOCH, + CH,COOH
Ar —Ng . HgCl; + 2Cu —— Ar—HgCl + N, + 2CuCl
2Ar N; . HgCly + 6Cu + 6NH,— Ar,Hg + 2N, + 6CuCLNH,; + Hg
2ArBr + Na,Hg — Ar,Hg + 2NabBr

9.9.2. Tinh chit ciia hop chit co thuy ngan

1) Tidc dung voi axit

Tac dung axit HX vdi R,Hg xay ra phan dng phan tich qua trang thdi chuyé&n bon
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trung tam: ~ _
R-Hg-R + HCI ——> | R----Hg—R
5 i | —s RH + RHgCl

T6c d6 phan tich cta HCI 16n hon axit chda oxi, ching té Cl ¢d tham gia vao trang
thai chuyén.

Khi dung chiat RHgR’, géc nao Am dién hon thi s& chiu su tdn céng cua electrophin
—_ pl"ﬂtﬂn:

R-He-R’ + HCl - R—HgCl + R'H

Tu do da thiét lap duge thang dé am dién cta cac géc nhu sau:

~oN  ~{ YocH, Q - - e, ) - ~{ Y-

OCH,

2 Qe o O

Nhu vay, axit tdch g6c Ar ra khéi RHgAr dé hon tdch goc R, géc Ar thé bang nhém
thé loai 1 dé tdach hon khong thé.
Trong phan Ung trao déi:
2RHgX — R,Hg + HgX,
xay ra vdi su bao toan cdu hinh, chang han:

Cl H Cl H
\C——-Cf Hg + HgCl, —— \C—— ¢
7N & . / '_'C\

~ H 4, | H |,  HgCl
T NH_3

2) Phdn ing khir
Khit diankyl thdy ngan bang hidro (Na/Hg + H,0, Zn + HCI) hay hidro ¢-nhiét d¢
cac va ap suit sé giai phong ra Hg:
R,Hg + H,— 2RH + Hg
3} Tdac dung voi cdc nguyén 16 khic
R,Hg + I, —— R—-Hgl + RI
R—-Hgl + I, — Hgl, + RI

Khi dun néng v6i kim loai chuyén tiép:
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4) Phin teng tdch

Hop chét cé nhém thé cd phan dng tdch dé thu duge elefin:
H(Cl

HO-CH,CH,HgCl — > H,0 + CH,=CH, + HgCl, e

HO-CH,CH,-HgCl + 31 — CH, CH + Hgly + HO™ + CI
Cl- CH-—CH HgCl + 31T —— HC=CH + Hgl; + 2C1° |
V& hinh thie, cd thé xem phan dng nhu 14 phén dng cong 1,4 tuong tu nhu trong
hé dien lién hgp:
HO-CH,—-CH,—-HgCl — H,0 + CH,=CH, + HgCl,
H Cl™ . .

song d6i véi nhitng ddn xudt cd Hg cla andehit hay xeton ¢ hidro linh dong & vi tri 8,
khi tdc dung v6i ddn xudt halogen v6 co hay hitu cd xay ra phan dng tdn coéng vao O

hoac vao C:

(C,H,),CCl + ClHgCH,—-CHO > (C,H),C—CH, ~CHO + HgCl,
(p—NO,CH,),CCl + CIHgCH,—- _CHO —» CH,=CH-0- C(C H.NO,—p),
CH,-CO-Cl + CIHgCH,—CHO > CH,=CH-0-CO-CH, + HgCl,

- Phan tng sau cd sy chuyén trung tdm phan ung, electrophin téan cdong vao O dong
thai voi sy chuyén electron tir lién k&t Hg—C dé bi phan cuc hda:

ClHg —/6;1? C —*/E)\
H

Vé hinh thitc ¢d thé xem nhu la cong —1,4 cua hé lién hop:

—>C—H
A =
\\J (\\.04 — CH,=C—H + HgCl,

1
. Hga\ C EH (I)-——-CO-———-CI-I
3 3

\O

tuong td nhu phan dng cia RMgX véi andehit hay xeton «, chua no:

R
™~
1CH=ZC§ R\’
‘. ' 3 > — =C— |
Mg----=-- O R | _ C_I_,I;l
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9.10. HOP CHAT CO BORAN

9.10.1. Cau trvuc cua boran

Boran 12 hgp chit khong bén chi tén tai d dang dime B,H,, goi la diboran. Trong
dung modi tetrahidrofuran, boran tén tai § dang monome solvat hda bdi tetrahidrofuran:

Diboran cd cdu tric thyc véi bon hidro va hai bo ndm trén moét mat phang véi bon
lien két B—H hai electron, con hai hidro khdc ndm trén va dudi mat phang nay bing lién
két ba trung tam hai electron. |

Diboran dugc diéu ché bang phan dng:

3NaBH, + 4BF;— 2B,H, + 3NaBF,

Diboran 1a axit Lewis, phin ly trong dung moi tao nén phic ete—boran dang
R,0*:BH,. Diboran bdn trén thj trudng ¢ dang phic vdi THF.

Nguoi ta ciing dd biét cac diboran cd thanh phan B,H,, BsHy, BsH, |, BgH,,, BoH,;
v hogp chidt bén nhédt 1a dekaboran B, H,,, ciing nhu cdc dan xuit ankyl hay aryl cua
cac boran nay:
B,H, + RMgBr > RB,H, + HMgBr
con: B,,H, + RMgBr > B,,H;MgBr + RH
B,,,;MgBr + RBr —— RB,,H,; + MgBr,
hoac: BX + 3RMgBr — R,B + 3MgBrX
Khi tic dung mudi phic KBYF, v6i RMgBr cho:

3RMgBr + KBF, > R,B + 3MgBrF + KF.
con v6i mudi ArMgBr cho mudi: -
4ArMgBr + KBF, > K" "BAr, + 2MgF, + 2MgBr,

Hinh 9.2. Cau tric cua pentaboran B.Hg va B.H,,
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Muéi cta tetraaryl Bo cling thu duge bang phan dng:
Ar,B + ArLi -» Li*“BAr, |
& day, Ar,B cd khuynh hudng ldy cédp electron tit Ar:Li d& cd vong bat ti electron va tach
ra Li*. Do dd, hgp chat R,B ciing tham gia vao cdc phan dUng sau:
R,B + :NR’; - R;B™: N'R’,
R,B + NaOH - R,B":OH + Na*
R,B + 2Na*®* -[R,B:NaJ Na*

Muéi R;B~Me™ cdn goi la phic "at", nguge v6i phic oni do phuang phdp tao mudi
nay ngudgc véi phuong phap tao mudi oni.
Bo ciing tao dugc dan xudt hitu cd cd lién két R—N‘hay R—B goi la borazol — nhu
la benzen vO co:
"BR

+/ \\+
HN NH

.. o
3R,B + 3NH,— 3R,B.NH,— - || | = ...
. R-B. “B-R
N\ +7
NH

Cl
k-
v/ N+
R-N N-R

3BCL, + 9RNH,— 6RNH;CI" R

N+~

i\

| R
Hop chat co boran thudng dudce digu ché theo phdn dng cOng boran vao anken véi

toc dd6 nhanh va dinh lugng:
3CH,CH,CH=CH, + BH;— (CH3CHZCHZCH2)3B

'Phan dng chiu anh hudng cua nhén t6 lap thé 16n. Bo ké&t hgp vao cacbon it bi 4n
ngit khong gian hay it th& hon. Véi nhitng hogp chit cé hiéu dng khéng gian 16n, phan

Ung dung lai ¢ giai doan mono hay diankylboran. Chang han:
B-— .

© r $</’S>
| 9 buhlxyulm[ 3.3.[jnonan

Hdp chat nay co the nkyl hda tiép bang anken don g 1é.nchc:lncve mat lap theé:
8—CH,-CH

B—H
AN + RCH=CH, __ %%

- B—ankyl-9- bﬂblxyclm{%?; [Inonan
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Phan dng cong boran vao anken xay ra véi su phdi tri ban dau cia B vao electronz
ciia anken, ti€p theo l1a su hinh thanh lién két cacbon—hidro:

H—BH, H BH,

/ x\-.

—= ____C C-

________
g T
- C * C t-’ / ‘hh

Nhu vay, phan dng la cong syn vé mat hoa hoc lap thé.

Boran cling phan dng v&i ankyn dé tao thanh hgp chit c¢o boran chua no la
vinylboran ¢ 0°C. Trivinyl boran la hgp chat trung gian trong nhiéu phan dng hitu co.
Phin dng xay ra tudng ti nhu & anken. Boran tdn cong vao cacbon ddu mach hay it khdg
khan khéng gian nhat va cing la céng syn. Phadn ung x4y ra véi ankyn hai lan thé doéi

xting thi cho ot san phaAm, cdn hai 1an th& khong d6i xitng cho hén hgp san phim: -~

. B H N

3RC=CH + BH, > L .

| | R B
T

13

R\%\ |

Noi chung, cdc phan dng trén goi 13 ph:?m ung hidro bo hda.

3RC=CR + BH, > o

9.10.2. Tinh chit héa hoec ctia boran

1. Phan ttng oxi hdoa cdc hop chiat ankylboran thanh ancol:

(CH,CH,CH,),B + H,0, + HO" — 3CH,CH,CH,0H
Qud trinh phan dng xay ra bat dau ti anion hidroperoxit tdn coéng vao nguyén ti B
thiéu electron:

; R
R———B[e + “O0OH R—B;“—OOH
R R | |
Hgp chit trung gian nay sé chuyén vi dé€ tach ion HO~:
; ;
R ]3":/0 LO.I:I/' —— R—B-—O0R + HO
R
Dong luc cho su chuyén vi nay la su hinh
thanh anion HO~ b&n va hop chit cd lién két — R R
bo—oxi bén. | m
- .. 8 —0
Lién két B-O bén hon lién két B-C vi ~,
obitan cda cap electron n cua oxi. Do dd: d)
"B-0- <—> ZB-0™-

Hinht 9.3. Cilu trie obitan cua lién két B— 0.
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Qua trinh chuyén vi eiing x4y ra tuong tu nhu chuyén vi cacbocation:

| |
o @ hg
R

/ R

Phan dng oxi hda bing hidroperoxit xay ra nhanh va phat nhijét. San pham R,BOR
phan ing tiép, theo qua trinh trén d€ tao thanh triankyl borat ete:

R,BOR + 2HOO —— B(OR), + 2HO™
Thuy phan ete nay trong digu kién cia phan ung cho ancol va natri borat:
B(OR), + HO™ + 3H,0 — 3ROH + B(OH),

Thuc t& hai phan dng hidrobo hda va oxi hda ankyl boran Ia hai qua frinh lién tué
dung d€ didu ché& ancol tit anken goi la phan dng hidrobo—oxi hoa:

B,Hs,  H,0, HO™

CH,CH=CH, —— » CH,CH,CH,OH
| H H-0, HO™
(CH,),C=CH, 276, 222277 (CH,),CHCH,OH
. | B} H
CH,CH=C(CHy), —— - » CH,-CH-C(CH,),
OH
CH,
CH, oH
Balls HyQ, - HOZ

| trans—2- mét;y biyclﬂpéﬁfanﬂl
Nhu vay, san phdm cong hidro—bo hda khong tach ra ma dﬁﬁg tiép cho ph:.—’m' ing
sau. V& mit hdéa hoc lap thé, phan dng oxi hda khong lam thay d6it cdu hinh, nén ciu
hinh ctia anken va cau hinh sdn phdm giéng nhau:

B,H, H,0,HO™
>

cis — 12— dimetykxyclopentan cis— 12 —dimetylxyclopentanol

Khi oxi hda vinylboran, sin phdm la vinyl ancol chju su chuyén vi thanh hgp chit
cachonyl: -
H H

H,  H,0, HO™ P
W sz . 2% }/\/\/I\OH+ . _
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San phdm cha hidro bo oxi—hda ciia ankyn cudi mach.la mét andehit, 1a sin phim
trai Markovnikov so v6i phan ting hidrat hoa ankyn dé bang HgSO, H,50,. |

Hgp chat co boran cd kha nang phan ing véi hgp chidt cé hidro linh déng trong mdi
trugng kiém, dién hinh 1a phan dng vdi bromaxeton hay bromaxetat d€ hinh thanh xeton
hay este thé ankyl: |

NaQOH
R.,B + BrCH,COCH, > R—CH,-CO-CH,

NaOH
R,B + BrCH,COOC,H, > R—CH,COOC,H;

Phian dng xay ra qua nhiéu giai doan:

(1) B: + BrCH,COCH, » "CHBrCOCH, + BH . _ ._.
(2) R,B + “CHBrCOCH,— R,B :CHBrCOCH,

(3) (Rr\ 'R R

R— B ™—CH-COCH; — R- 8-CH-COCH, + Br~
R CBr '
(4) R—]I3-—(IL‘HCOCH3 + B:H — R—CH,COCH, + R,B:H
R R | '

Giai doan (1) 14 hinh thanh cacbanion, giai doan (2) 14 phan dng axit bazo; giai doan
(3) 1a chuyén vi d€ tdch anion Br~ bén va dong luc thuc ddy su chuy&n vi la dién tich
am & bo. Nhém ankyl doi chuyén ciing vdi cédp electron thay thé& cho Br di ra la i:;:h' bazd
yéu. Qua trinh nay cd hinh thanh lién két C—C mdéi va ¢d thé€ coi nhu la phan dng 'SN2
ndi phan tu. Giai doan (4) la phan Ung thdy phan trong modi trudng axit.

Phan dng nhu 14 ankyl hda xeton hay este Phém ing co tinh chon loc cua tac nhan

Chang han: —~CH;~CH(CH;),
B—H

(CH,),CH=CH, BrCH,COCH,
-

=

» (CH,),CHCH,~CH,COCH,

| | 5
B—H
Ryclopenten ' BrCH,COOC, Hq

/ S —

- Q—CHz COOC,Hs

Noi chung ¢6 thé dung cac brommetylankylxeton c¢d hidro linh dong.
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9,11. HOP CHAT CO NHOM
Hop chét co nhém bit dAu cd vai tro quan trong tu khi Ziegler téng hop dugce
triankyl nhém:
6CH,=CH, + 3H, + 2Al — 2(C,H,);Al
tré thanh san phdm cdng nghiép trong trung hgp olefin.
Co cac loal hgp chit cd nhém sau:
RAIH,, R,AlH, R;Al, RAICL,, R,AIC], AICL,,
[R,Al]Li*, [R;AIH] Li”, [R,AIH,]Li*, [RAIH,] Li*
Céc hop chdt co nhém cd thanh phan thidp nhu CH,, C,H la chat long béc chay
trong khong khi, con ciac hgp chdt 6 thé mudi 1a chét ran.
Cac hop chat RA]C]2 va RzAlCl thu duge khi tac dung R,Al voi AICL,; hay RCl trén,

Al kim loai trong néi hép.

Mot tinh chdt quan trong cda triankyl nhém la kha ning dime hoa, chiang han
(CH;);Al ton tai 6 dang dime ftrong tudng hoi véi khoéi luong phan ti tuong Wng
(CH,)AlL, va bang phuong phdp vat ly da xac dinh dugce cdu tric cua hgp chit nay co
cac lien két metyl véi nguyén tit nhém, tuong tu nhu AlLCI.

H H H a o
/\c/\ I\ / \ a

(CH,),Al ANCH,), Al Al
>l N
HH H CI

trong cong thic nay, cacbon lién két voi Al bang lién két ba Trung tam vai hai electron.
Cac triaryl nhom duge didu ché€ tu diaryl thuy ngan:
3Ar,Hg + 2Al — 2Ar Al + SHg
Hop chat co nhom dé tac dung vdi nude, ancol va axit:
AIR, + 8H,0 —> 3RH + Al(OH),
Khi CO, tac dung véi triankyl nhém trong ete & 20—100°C dudi ap suidt thu duge
hop chat R,AIOCOR :

R,Al + CO,— R,AIOCOR
Triankyl nhém ciing phan dng véi hgp chit oxo nhung do ¢ tinh khu lon nén khong

thuan lgi cho téng hop Grighard.
Tinh chdt quan trong cua triankyl nhom la cong hgp duge vdi olefin:

R,Al + 3CH,=CH, — (RCH,CH,),Al
va phan dng ti€p tuc néu du olefin:
(RCH,CH,),Al + 3CH, = CH, — (RCHCH,CH,,CH,),Al,....

*Noi chung:
| HOH
R,Al + n(CH,=CH,) — [R(CH,CH,, ],Al > 3R(CH,CH,) H + Al(OH),

Cac hidrua nhém ton tai 8 cac dang trung hgp, thudng dang vong:
dxAlH,— xAl(AlH,),;— (AlH,),,
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9.12. HOP CHAT CO KIM CUA KIM LOAI CHUYEN TIEP

Cac kim loai chuyén tiép con cd obitan d chua chédt day. S6 electron cuc dai trén 16p
v electron hda tri ngoai cing cta mdi nguyén t6 nhu & chu ky 4 trong bang hé théng
tuin hoan 1a 4s2 4p63d10 = 18. o | |
Trong bang hé théng tuin hoan, cac nguyén t6 chuyén tiép la:
\Y Gr Mn Fe Co Ni
Nb Mo Te Ru Rh Pd

Ta W Re Os Ir Pt
Ciac nguyén t6 nay cd khuynh huéng chit day electron dé cé vong ngoai cung la 18
electron mang ban chat cdu hinh electron cua khi tro. Dai da s6 cac hop chit co kim cua
kim loai chuyén tigp déu cd cdu tric ma trong dd kim loai cd 16 hay 18 electron va nhiéu

phAn Ung cé th& thuc hién hop Iy voi su chéit day t6i cdu himh khi tro.-Vong-16tay 18
electron quy dinh cho khuén khé cta nhitng phadn dng cua ciac hgp chat nay.

N6i chung, electron trong ciac hgp chat kim loai chuyén ti€p ciing cé cdu triac Lewis
cta chu ky 2 hay 3, trit cdc lién két cho hay phdi tri dac trung cho hé kim loai nay. Lién
k&t cho nhan nay do 2 electron cia chét cho goi la ligand hay phéi tit. Hai electron la sd
hitu ctia phéi tit cho kim loai giy ra dién tich xdc dinh vé hinh thdc nhung lai ddng gdp
I6n vao sy 6n dinh cda cdu hinh khi tro. Nhitng phéi ti dé thusng 1a H,O:, R,0:, R;N;,
R,P:, 0=C;

Ching han, cdu tric cia molypdenhexacacbonyl. M8i cacbon monooxit 1a chdt cho 2
electron va tdng s6 electron clia cdu hinh cua hop chét la 18:

O
[

C
OC.. l CO 6 electron trén MO cua Mo

oy
.ﬂ'

;Mnﬂ 12 electron cta 6 phoi ta CO
oc” 1 “NCH,
C 18 electron

|
O

hexacacbony! molypden

Nhu vay cé 12 electron hudng t3i Mo tuy Mo chi cé 6 electron hda tri va la trung
hoa vé hinh thdec. | |

Cling nhu J cdu tric cia metylmangan pentacacbonyl, hop chdt nay cling co hai loai
lien két hudng tdi kim loai, trong dd cd 5 lién két cho hay phdi tri va 1 lién két ”Mu;-—CHS*
do 1 electron ctia Mn va 1 electron cua C trong CH,.

O
il
_ C
OC-~._ l .-CO 7 electron cda Mn
- &
MMn —1 electron ctia Mn—CH,
OC / T \"CH3 10 electron cho cia 5 phéi ta CO
(ﬁ 2 electron cita Mn-CH,
O

penta cacbonyl metylmangan, 18 electron
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Trong phic, Mn co 6 electron khong st dung vao lién két va khong bi€u dién trong
phitc va 1 electron st dung cho lién két Mn—CH,;. Mn la trung tinh v& hinh thuc.

Cac phoéi ti c6 thé 1a cac lién két & cha anken hay ankyn, cdc nhdm nay goi 1a chat
cho 7 dé€ phan biét vdi chit cho o.

Tuong tdac nay tuong tu nhu tuong tdc cha cip electron n, ching han:

H | 9 electron cua Rh
ArP, | CH —1 electron cho lién két Rh—H
A Rh 4 electron cua 2 ArP:
ArP / T . CH 2 electron ciaa CO |
(I% | 2 electron cua lién ké’i; Rh—-H
O 2 electron cda lién két x

18 electron. |
Lién két cha etylen v6i kim loai duge sap x€p tu hoi yéu t6i rdt bén. Lién két bén
thudng dugc biéu dién nhu sau:
/CHZ
Me
\CHZ
Nhu viy, cac hgp chat co kim cta kim loai chuyén cd cdu hinh electron v6i 18
electron, 1a hgp chat phdi tri bidoc hoa.
Cac hop chét co kim cta kim loai chuyén co nhiéu tinh chit thay déi rdt rong trong
cdc cd ché phan Ung khdac nhau, nhat la khi ching déng vai tro cia maot xdce tdc, song cd
thé hinh thanh nhing tinh chit co ban sau.

9.12.1. Cau truc

Hop chit co nguyén té hay phdc cha kim loai chuyén tiép hinh thanh do con cd
obitan d (cd khi f) chua chdt day. Lién ké&t hinh thanh gitta Me va phéi ti (L) 1a xen phu
cua obitan tréng cia Me vdi obitan chat day cta phéi t& (cing ¢é trudng hgp xen phu
cua obitan trong cha phoéi tu véi cap electron cia Me, thuong ggi la lien két phdi tri
ngude). Lién két cling 14 cdng hda tri cd tinh chdt ion hda phu thudc vao mic d6 dién
tich duong va-am & Me va phéi ti. |

Cédc kim loai chuyén thuong phéi tri véi 4, 5, 6 phdi t (L):

L L
L_——-L N I P e R,
S e | N TN
PN PN ey
Lf____\_]_, L."_/_:' FFFFF ?:":L Lff_-_-kL
L

va co su sap x8p khong gian phu thudc vao obitan clia Me da dung vdi phéi tit cling nhu
50 phoi tu, do do6 cd cac loai ciAu hinh sau:; vudng phang, hinh thap kép, hinh bat dién:
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Né&u phic chi cd hai phdi tit ¢6 kha nang tao tharnh vong thi phuc nay goi 1a chelat
(phdc cang cua), la phic bén nh4t trong cic hgp chit phic

CL\ME
L/

1) Phdn :E'ng két hop phin ly cita axit Lewis

9.12.2. Tinh chit

Hop chét cd kha nang két hop véi proton d&€ hinh thanh axit Lewis va phan ly axit
Lewis nay trd lai chdt ban dAu: - | -.

i - -

= L Ar3P 3,
Ar,P  ArP - ArP_ 1 |
WK | T AU | .
Ni + HCl  —= o Ni-H | ©
Ar,P Ar,P Ar,P T
L ATSP. -
tetrakis (triphenylphotphin niken) S T
(18 clectron) (18 electron) =

Phan dng thuan la sy két hgp cua kim loai véi axit Lewis. |
Phan dng nguge 12 phan ing phan ly cta a}nt Lewis hmh thanh
Ndi chung, qu4 trinh 1a qua trinh két hcip — phan ly a}ut Lew1s

Trong qua trinh nay, néu cdu hinh electron cia kim lnal khﬁng thay d61 cung nhu
phan ung SN2 sau, la phan ung két hc:lp cua hgp ch&t co Mn véi axit Lewis CHY

CO - | CO
| |

OC-. 0Cy ,..CO . ,
“Mn « CO|+ CH,-Br > Mn + Br

0C*” ? - oc¢” “CH, =
! | |
CO o CO

anion pentace acbonyl mangan pentacacbonyl metylmangan

(18 clectron) (18 electron)
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2) Phan wtng két hop — phdn ly bazo Lewis

Phan dng nay dac trung nhit cho hop chat co kim kim loai chuyén tiép, bao géom hai
giai doan: phan ly phéi tit cia kim loai cho hgp chat trung gian cd cdu hinh electron chua
bso hoa va k&t hop phdi tit madi dé€ trd lai cdu hinh electron bao hoa.

Chang han, phan dng:

Ni(CQ), - Ni(CO), + CO (18 electron - 16 electron)
Ni(CO),; + Ar,P - A1'3PNi(CO)3 (16 electron —=-18 electron)
Phan dng két hop—phan ly bazo Lewis co sy thay doi electron 1a = 2,

3) Phun H"ng cong oxi hoa—tdch khir
Qué trinh gom phan dng thuan va nghich, qué trinh thuin 13 phan dng cong oxi hda™

con qua trinh nghich 14 phan dng tach khu.
Chang han phan dng:

H
Cl_ PPh, Cln [ PPh,.
T + H, - ﬁ
I\ / \
Ph,P CO Ph,P 1
CO Ph =C H,
(16 electron) (18 electron) v

Qua trinh cong oxi hda la cong H, vao phic véi cau hinh electron chua bdo hoa d€
trd thanh phic cd cdu hinh electron baﬂ hoa. Qua trinh tach trd lai chét ban dau, 1a tach
H, dé tré lai chat ban dau vai cdu hinh 16 electron goi 1a tach khu.

Qu4 trinh cong oxi hda—tach khit cd su thay d6i electron la +2. Qua trinh cong oxi
hda 1a cong 2 electron, cdn tach khit gidm 2 electron. Ndi chung, qua trinh ¢d su thay

doi 2 electron.

4) Phan ing ghép va phdn ghép

Thudng phdi ti da di tdi nguyén ti kim loai chuyén tiép bang lién két o lai chuyén
tdi nguyén ti khac goi la qua trinh ghép va ngudce lai la qua trinh phan ghép.

Trong qua trinh nay, lién két cho va lién két o chuyén thanh mot lién két o moj,
trong dé nguyén td kim loai gidm di hai electron. Ngugc lai, phan dng phan ghep lam
cho kim loai ting 2 electron. Chang han nhu phan dng:

0. CH
CO \( 3
OC-.. l CO ghép Mn
Mﬂ -~ = ,-“"f hﬁ.‘
OC#‘" \CH phan ghep OC/ \CO
T OC CO .

CO
fctracacbonyl axetylmangan
(18 electron) (16 electron)
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Cac hgp chit co kim cta kim loai chuyén tiép thudng chiu su chuyén hoa tmng CAC
phan dng véi vai trd xic tdc. Chdng han cac vi du sau: - -

Phan dng cong H, vao etylen véi xiic tdc tris— (tnphenylphutphln cacbnnyl rhodi) xay

ra nhu sau: | o

CH,=CH, + H, > CH,—CH,
.-
H
L./ oC., ,.L
(1) L“"rl?h « L — L’Rh\H + L (L = Ar3P)
co - e
(18 electron) (16 electron)—phén ly bazo Lewis
H
@ R 4 cH,=cH = L i
2 + = —— n <——
L7 NCo ¢ L7 4 CH,
I
| CO
(16 electron) (18 electron)
(k€t hop bazo Lewis)
H | H
@ b, o CH OC.y L
- = -
L7 CH, L "N CH,CH,
CO
(18 electron) ( 16 electron)
(qua trinh ghép)
| H
W O Cspy H, —= OC""‘Ilzh""L
+
L*” NCH,CH, °* ~. L7 | SH
| | CH CH,
(16 electron) (18 electron
| (qua trinh ¢Ong oxi hda)
H :
- 00 | L oc., L |
o i h.l"" +
® /7Rh g == SR+ CHCH,
CH,CH,
(I8 electron) (16 elec.frﬂn)'

(qQua trinh tach khy)

San phdm ] ankan va xic tac, phan dng quay trd lai giai doan 2 d€ ti€p tuc phan
ung vdi etylen khac nén phan #ng 1a phan dng hidro héa xdc tac. Phan ing gébm 5 giai

doan nam trong 4 loai chuyén hda trén.
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Cing nhu trong phan ing decacbonyl hda khi eo xic tac tris—(triphenyl photphin
rhodiclorua): | | . -
H.C f \ f:H ' o
5 '6>/\<CH3 '(ATSPthC_I_ - Hs__(-:ﬁ . 3 + CO
HCo CHO o HC; H
a Ar;P);RhCl |
R—-CHO Arsh >» R—H + CO
O e H—-
1) >R 4 RC-H Uooa g
1 “Rh<~ + RC— — *
N (¢ L7 , \(ﬁR
(16 electron) (18 electron)
(qua trinh cOng oxi hda)
H - H
(2) L”““‘Iith""'L L"“*-fle,h CR + L
. i — -4
L7 | “SCR L=
Cl | - Cl O
O
(18 electron) (16 electron)
- (phén ly bazo Lewis)
H H
3 " TSRh-CR  ——= L g
3 ~Rh- "Rh "
Le” |l L*” | - T~CO
Cl 'O Cl
(16 clectron) {18 electron)
. (qua trinh phan ghép)
o _
Lo Ih R L. o _.Cl I~
(4) Rh ™ > Rhg + R—
L»” | SNCO . L7 TNcCo
Cl
(18 electron) 16 electron)
~ (qua trinh tach ki)
| CO
Dospn 4L “sgh_ci
5 S Rh’ + — ARh-
R L =~ 1”7

(16 electron)

!

L

(18 electron)

(qui trinh k€t hgp bazo Lewis)



CO SO HOA Hoc HUU CO | - 119

CO
) _ 1 " h - D
(6 Rh—-Cl — “Rh+” +_ 7
L / L* (] |
L
(18 electron) (16 electron)

(phan ly bazo Lewis)

Phan L‘iﬁg gom 6 giai doan ndm trong 4 loai chuyén hda co ban trén.

5) Phitc x olefin cia kim loai chuyén tiép

Phuc n thu duge cua etylen & dang musi: . _
K [PtCl,)*” + C,H, - K* [c H PtCl3]_ + KCl

cO cau ftric tuong ty nhu KHNH ;PtCL] nhung cd khdc vé lién két. Lién két amoniac véi Pt
trong muéi nay 1a lién két phdi tri cho, con lién két trong phite 7 cd ban chat khong chi 1a phéi
tri cho ma cdn s ban chdt nhan, nghia la olefin ¢6 lién két kép vai Pt. Lién két chinh 1a lién

két o gilia obitan 7 cua olefin vdi obitan 5d6s ctia platin. Lién két phu ]a loai lién két z do
tuong tac cua obitan 5d6p cla platin véi obitan phan lién két n* cua olefin. |

Hinl 9.4. Cfn tric obitan cia phiic cia etylen véi Pt.

Ngoai phic dang anion v6i Pt lai héa dsp? con obitan trong nay, con thu duge phic
phan ti trung hoa ctia Pt véi olefin: ’
(il‘l Cl

co lién két cau vai Cl
Pd ciing c¢d dang phiic nay cung tén tai ¢ dang dime clia phic Pd:

" Olefin

(C()-HSCN)QPdCIZ + Olefin —— >Pd012 + C,H.CN
' Olefi

—~2
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Cac dien cling tao duge phitc dang nay, song dé hon monoolefin :
. — 12
Cl Cl

: I {
2K,PtCl, + CH,=CH-CH=CH,— K ClPt—C,H—PtCll  + 2KCl
| Cl Cl

va tdc dung tiép véi butadien cho dime trung hdéa mau xanh nau:

Cl C.H C] ]
/ s i | P
S py S py

a” Sen” Do
Cac olefin ciing tao phic vdi ion Ag?.
Ton Agt tao dugc lien két giita obitan s cda Ag vdi obitan & cia olefin va lién két
phéi tri ctita Ag* v6i obitan phén lién két n* cta olefin:

iy

. ,.-' . L -~
b5 (@ A

Ag*

Hinh 9.5. Sor 45 xen phu obitan cta phic Agt va olefin

Cac dien ciing tao duge phic n v6i ion Ag* & dang két tinh:

::AgJ'CIOI | . —AgNOy
{ Agodl Ag----'l__ll"“ Ag E [NOE ]n

- 1

Cac dien ciling tao dugc san phdm céng voi halogenua dong mot theo ty 1& 1:1 hay
1:2. Ngudi ta ding phan dng nay dé tach dien ra khoi olefin. Butadien tao phic v6i CuCl
va CuBr véi thanh phin 1:1, xyclobutadien véi ty 1& 1:2, xyclooctatetraen véi ty 18 1:2 voi
CuCl song v6i CuBr véi ty 1& 1:1, Niken cd kha nang tao phic sz véi polyolefin 6n dinh,
chang han: xyclododekatrienniken C,,H,4Ni thu dugc khi tdc dung axetylaxetonat Ni vdi
trans —trans —trans —xyclododekatrien khi c¢d chat khu (C,H,),AlOC,Hs.

Cac 1,5—xyclooctadien tao phiic Ni(CrBle)z, xyclnnctﬁtetraen tao phic polyme
Ni(CqHg). Pac biét la butadien tao phic c¢d thanh phan C,H,cNi mach hd cda phoi tu:
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Qua trinh xiy ra qua sy hinh thanh géc allyl:
" CH,=CH-CH=CH, + CH,=CH-CH=CH, + CH,=CH-CH=CH, —
— CH2=CH—CH'—CHZ-—CHZ—CH=CH—CH2—CH2—;CH'_CH=CH2
Goc kép nay cd s6 electron la 8, ¢ khd nang tao phidc véi Ni d trén.
- Hogp chdt allyl cing tao phic véi kim loai, chdng han khi tac dung
allylmagiehalogenua hay allyl liti v8i clorua kim loai chuyé&n tiép tao thanh din xuét.allyl.
Chang han vdi Ni nhu phdc (a) ma tdc dung v8i butadien -cho trime rdi thanh

3
1

xyclododekatrien:
H,C - )
H,C Ni A-CHZ +3CH, —— ,A,A_V; — | -
| ‘CHz |
()

Phuc allyl ton tai 6 nhidu dang phic tap hon nh{rng khong bén:

o D oo O U

- -
»

Ni =~ Ni Ni Ni Ni
&4 &6 @
(-40°C) (-40°C) (~0°C) © (20 » 30°C)

Phic allyl duge nghién ciu nhiéu nhét 14 z—allyltricacbonyliodua cua Fe:

Cd
AN
H,C  CH;

CH, = CH-CH,I + Fe,(CO), —= /Ii'e{..l + Fe(CO)s + CO .
0C o CO

z—allyltricacbonyliodua sit
ma khi khit bing hén héng Na thu dugc bis—n—allyldi- cacbonyl sat:

sy
H,C . CH,
OC Fe

HiC_
CH

CO
CH,

Ngoai ra ciling da thu duge phuc aliyl cua Pd, tuong \ing vdi cau tric:
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LH O HCy
HC e pu”” NpyeCH

Sew, Yo,

Benzen ciing dugc xem nhu la trien nén cling ¢é khi nang tao phudc v6i kim loai
chuyén tiép goi la metalloaren, thudng thu duge arencacbonyl cta kim loai hay bis—aren
cia kim loai.

- Thco °C
CHCr(CO), mau vang 161-165°C °
CoHMo(CO), vang nhat, - 120-125
C,H,W(CO), vang | 140—145
(CH),V - dé nau 277279
(CH,Cr d6 sdm 282~284

Cing nhu da thu dudec phic véi aren va tetrahidrofuran on dlnh dudc dung nhiéu
trong hoa hitu co, nhu phdn dng vdi axetylen:

G
THF &7 C%C‘Ab - R= R
THF ‘ THF 5 /Clr\ . R Cr R
Y fc._-—\c ¥ + SRC-——C RE=CR R R
Ce s [ 65 / TR
Ce Hs CeHs CeHe CeHs R R

Mot dang phuc hay gip la metalloxen, dién hinh 1a feroxen dung lam xtc tdc cho
nhigu phan dng hitu co. Trong phidc thi Fe 1a chiat nhin electron con xyclopentadienyl la
chit cho, lién két gilta kim loai va olefin duge giai téa bang tuong téc cha obitan n caa

dien vd&i obitan tréng cua Fe:

9.13. HOP CHAT CO SILIC

Silic 12 nguyén t& ¢ chu ky 4, giéng nhu cacbon, nén cd kha nang két hgp vGi hau
hét cac nguyén td khdc. Trong phin nay chi dé cap dén nhiing hgp chit co silic ¢o lién
két C—5i hay C—SiX v6i cAu tric nhu hgp chit co kim khae.
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9.13.1. Phuong phép téng hap co silic
1) Tdc dung Si kim loai véi dan xudt RX hay ArX :

Phan Gng la mot qud trinh céng nghé va can xic tiac Cu:

Cu ,
2CH,CI + 5i > (CH,),SiCl, + sdn pham phu

2800C
(70 — 90%)
San pham phu c¢dé thé 1a mono— hay tri— hoac tetraankyl, song hiéu suit diankyldiclo

dat dugc cao va c¢o ung dung nhiéu tmng tong hgp polyme silicon:

CH;  CH, )
n(CH,),SiCl, + H,0 — —O—S[i-—-()———Sl—
CHE CHS_ n

2) Tic dung hop chdt co Mg voi clorua silic

Phan dng tién hanh khi cd du RMgX sé& tac thanh tetraankylsilan:
4CH,MgCl + SiCl, » (CH,),Si + 4MgCl,
Méi phan ting thé clo ¢ giai doan sau khd hon § giai doan trudc, do dé néu khong
du RMgX thi ¢ thé diing & cdc giai doan th& dén dan xuit diclo:
CH,MgCl + SiCl, -~ CH,5iCl, + MgCl,
CH,MgCl + CH,SiCl,; - (CH,),8iCl,
Dén giai doan thé& din xuit diclo tré nén kho khan, nén phé.i‘ dung dan xuit co kim
hoat dong hon, chang han dung RLi: |
CH,CH,CH,Li + (CHS)ZSICI — CH,CH,CH SICI(CH3)2

| Tu tinh ché&t nay ¢d thé diéu ché duge dan xuidt mono-—, dl— hay trihalogen khac
nhau ciing nhu nhitng din xudt co silic hén tap. |

9.13.2. Cdu trac caa hgp chat co silic o

Cac hgp chit cta silic ¢d cdu tric td dién tuong ty nhu cac hgp chat cta cacbon.
Chang han, cdu tric cua tetrametylsilan so v6i neopentan déu gidng nhau:

H;G ,CHa' Hsc\ ,.CHa
Si,_ C
VRN
_HaC/ \CH3 H,C CH,;
f =265°C | t, =9400C

Lién két ctia Si—C ciling la lién k&t ¢ do su xen phil cta obitan sp> ctia Si vai obitan
sp> clia cacbon, song § day silic st dung obitan 3s va 3p, do ¢d chidu dai lién két dai hon
so vai lien két cacbon—cacbon. Chisdu dai lién két Si—C 14 1,89A, dai hon C—C (1,54A).
Nang lugng lién két Si—C 1a 89 kcal/mol so vdi niang lugng lién két C—C trong neopentan
la 84 kcal/mol, |

Cdu tric, chigu dai lién két va nang lugng lién két gitta §i—C va C—C tuong tu nhau,
cd khac nhau do cdu tric obitan s dung. Si cling lién két dudge v6i nhiéu nguyén té6 khac,
dac biét v8i O va halogen. Lién két Si—O va Si—Hal cd nang lugng phéan ly 16n hon,
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‘chdng té lien két Si—~O va Si—Hal bén hon nhidu so véi lién k&t C~O hay C—Hal. Lién
két Si—O bén hon do nhidu nguyén nhan. Tinh bén tdng lén (so v6i C—0) 1a do tinh
dudng dién cua Si cao hon, nén thanh phén Coulomb ddng gdp vao nang lugng lién két
I6n hon. Mat khac, cht y&u hon, tinh phan cuc hda cia silic gay ra bdi cdp electron n
cua O lam tang tinh 6n dinh: _
[Si—X <« Si' X7

Bang 9.2. Chidu dai va niing lwong lién két Si-X|

Hop chit | ' I, A T DH®, kcal/mol
(CHy ) Si-H 90
(CH,),Si—CH, 189 . 89
(CH-),Si— OCH,4 148 27
(CHz);Si-F 160 193
(CH),Si—Cl 2,05 113
(CHy),Si~Br 221 96
(CHy);Si—1 | 244 77

Thuc chdt & lién két Si—O cd thém tuong tac cha obitan p cla cap eletron n véi
obitan d tu do cta Si lam tang tinh bén cha lién két Si—O, tuong tu nhu Si—Hal.

Do dd cac silanol 1la axit manh, manh hon ancol, ¢c¢ kha nidng phdn Ung manh véi
kim loai hon d€ tao thanh silanolat va H,.

S5i—0-H + 2Me — 5i—-0-Me + H,
va oling ¢d thé tac dﬁng vOl kiém cho silanolat:
Si—OH + KOH - 5i—OK + H,O

Cac silanolat ¢d kha nang phﬁh tng véi din xudt halogen d& tao thanh hgp chit cd

nhém lién két Si—0—C; _.
3R,5iONa + HCX, - (R;5i0),CH
4R,S5iONa + CX, - (R;5i0),C

Lién két Si—Hal cling bén hodn so v6i C—Hal, ¢ kha nang thiy phan thanh silanol
cing véi sdn phdm quay cdu hinh.

Do dd, hgp chat co kim cta Si quan trong 1a nhitng hgp chét cd lién két Si—di t6.

Lién ké&t Si=C lai 1a lién k&t yéu, ysu hon C=C. Hop chit 6 lién két Si=C chi duge
tong hop trong tudng khi, cd kha nang phan dng rat cao, thutng trung hop hda va phan
Ung ngay véi cic hgp chiat khie,

Lién két n trong lién két Si=C yéu la do sy xén phu cua obitan 3p ctia Si v6i obitan
2p cua C, su xen phu nay kém hdn la sy xen phu giita obitan 2p v6i 2p. Ngoai ra, obitan
3p cuia Si cd nhiéu hon obitan 2p cua cacbon mot nat, do dd ngoai tudng tac song song
caa obitan 3p cta Si va 2p cua C, con cd mot lién két phan lién két. Mat khac cing do
chidu dai lién két C—Si 16n hon, su xen phl x cia Si=C kém hiéu dung hon so véi x cla
C=C.
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Phar lién ;('e‘?

Lién két Si==Si cing la lién k&t kém bén, chi cd thé tdach ra trong nhitng didu kién
dac biét, ngay trong trudng hop cd d¢ bdn lén cta lién két Si=Si ciing khong ¢6 su xen
phu hiéu dung ctia 2 obitan 3p cua Si dé€ tao lién két &

Ngoai ciu tric td dién cda silan d trén, silan ciing cdn ¢d cdu tric hinh thap kép
(bipyramid) la hgp chit phdi tri 5. Trong cdu tric phéi tri 5, tao nén hinh thap kép, trong
dé 3 lién k&t cha 3 nhom thé hay phdi tir lién két vdi Si bang obitan sp? nam trén mot
mit phang, thudng goi cdc lién két nay 1a lién két bién (equatorial) hay lién két e, con
hai nhom thé& chiém hai dinh ctia hinh thap kép lién két véi Si bang nbltan 3p goi 1a lién
két dinh a (apacial). |

Nhu vay chigu dai lién két Si—e s8 ngin hon chidu dai
lién két Si—a. .

Hop chét phdi tri 5 nay ciing cd kha nang chuyén vi

phan ti hay dong phan hda, trong d6 cdc nhém thé & vi tri |

dinh (@) sé chiém vi tri e, nguge lai, cdc nhém thé vi tri e - I >

chiém vi tri @. Su chuyén vi hay déng phan hda nay goi 1a | e SI' e
| a

su gid quay (pseudorotation). .

Su gia quay nay giy ra sy dao déng phan td, trong dé
cd su thay ddi gde, ching han goc 2—-Si—1 va 2—8i—5 tang
tu 90° dén 120°, con goc 2—-Si—3, 2—Si—4 riat hep lai tir

120° dén 90°,
- Trang thai pho6i tri 5 hay gap trong cdc trang thai trung gian va tinh l:&p the cua cac

phan dng.

D ' oy
29,
(D-Sigy = i
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9.13.3. Tinh chit cita hgp chit co silic
1) Phan wng cua co silic voi kim loai

Hop chit co silic R,SiHal chi ¢ kha nang phan dng vdi kim loai kigm nhu Na, K
hay hon hong Na/Hg khi goc R 1a goc phenyl hay halogen la clo. Phian ding nay sé tao
thanh lién két Si—Me cd kha nang phan dng véi nhigu hop chat hitu co khéc nhau.

(CcH¢)451C01 — (C H,),5i—K + KCI

Liéen két Si—Me, chang han Si—Ii hay Si—K cd kha nang phan dng vdi hidrocacbon
¢d hidro linh dong, véi CO,,thuy phan, v6i hidrocacbon chua no hay thom, véi dan xuét
halogen, ... . |
(C;H;);SiK + R,CH — (C H,),;8iH + R,CK

HOH HO™
(C,H,),SiK + CO, > (C,H);SiCOOH —> (C/H,),SiOH + CO

HY
(C,H,),SiK + H,0 > (C,H,),SiH + KOH

O -
(C,H;),5iK + H,0 » (C.H)4Si0H + H,

(C4Hy),SiK + (C4H,),C=CH,——— (C;H,),CH— CH,Si(C,H,),

(CeHs);SIK + R'X > (CHy) SiR + KX

Phan dng cta R'X véi R;SiMe phu thudce vao goc R trung RXvaX trnng R’X de cn'
thé hinh thanh sidn pham thec: cac loai:

>5i-f -
E ! > =Si—C-+ Me—-X (1)
SEP -
>Si-f--Me | N
] — =Si-X + Me—C @)
X --f-~C ! - |

Tmng truong hop ankyl hay arylankylhalogenua lam tang phén ung (1) con phén

ing (2) gidm: .
CH, < C;Hy < n-C/H, < n-C;H,s < CCH,CH,CH, < iso—C,H, < tert

< tert -C,H, < C.H.CH, < (C.H),C
va phan dung (1) tang tu R’T t6i R’Cl va nguogc lai,

2) Phdn trng nucleophin cua hop chit co silic

Khi tién hanh phan dng cia ancol véi R;5iCl ¢6 amin bic ba hay pyridin lam chat
nhin proton, phan ing thé clo xay ra dé dang ngay & nhiét d6 phong:
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Et;N t = T yo
CH,CH,0H + (CH,);8iCl —— CH,CH,08i(CH,), + Et; NHCI™ (Bt=C,H) "

Phan dng xay ra theo co ché nucleophin. Phan idng thé& nucleophin cua silic—halngén
x4y ra dé dang dude ching minh bang phan dng cua triankylclosilan véi enolat g —78°C
cho enolsilan: -

o~ Li* OSi(CH,),
|  THF | '
CH,C=CH, + (CH,),SiCl » CH,C=CH,
_780C (85%)

Vé nguyén tac, phadn dng cd thé€ xiy ra theo Syl hay Sy2, song.phan ding theo co
ch& Sy I chua tim thdy la vi cation R,Si* rat khong bén, do do cd ché SN2 xé’ly ra uu tién.

Phan dng Sy2 cling xay ra qua trang thai chuyé&n phdi tri 5:

o
RO;{_. ....'S\i_, CI -
H, C CH;

Phan 1ing S\2 cia S]—Cl dé hon C—CI vi lién két Si—C dai hﬂn lien két C—C nén it

chiu anh hudng cua hiéu Ung khdng gian. |
Mat khdc, tinh bén cha lién két silic—di t0 cao cling lJam 6n dinh cho trang thai

chuyén hon trong phan dng S\ 2. |
Trang thai chuyén nay da dudc xac nhan bang ion bén:

7
F.__S,'!'_ F ion diflntrim{:tylsilichmil

\ :
H,C CH,

la ion bén cd cdu trdc hinh thap kép tuong tu nhu PCl..
Phan ung S\ 2 cling la phan dUng quay ciu hinh, tuong tu nhu & hgp chit cacbon:

CsHs CioH H .
VAR CH,OH % Y /C‘"H’
7\ RN
CH, O(HTCH HO  “CH,
(I)-metylna phly!phenquily laxetat (&)—metylnaphtyphenylsilanol

Tuy nhién ciing ¢é phan dng thé S 2 cia Si ma bac toan cdu hinh, nhu & phan dng
thé& cua hop chat vong:

H Cl CH
&/ LiAIH, 7 /H
i - Si
\
CH,
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Ca ché cong nucleophin vao Si bat dau bang su tin cﬁng ctia nucleophin (H‘) VAo vi
tri a (apacial, dinh) cho mot chat trung gian hmh thip kép n dinh ma nhdm di ra chiém

vi tri e

CH | H/CHS

3 C
{ _'Si -CH,°

~Cle

Q

Hgp chét trung gian nay cd su gid quay lam thay «déi vi tri & Cl trd thanh e va CH,
tro thanh a, dong thoi H cling trd thanh e va nhém di ra Cl tit e chuyén thanh o
(apacial). Khi nhom Cl di ra, phan t& hodi phuc lai cAu hinh ma hai nhém metyl & vi tri
trans véi nhau.

1/CH3 CHa H
(a) —_cr-
- _'____. 3 34{’«&'}‘4_/< //<
i

-

TU thuc nghiém, trong cic phan idng thé SN2 clia vong 4, 5 canh, da rit ra dige quy
tac nhu sau: | |

1— Nucleophin tidn céng di vao va nhém di ra phai cung chi€m vi tri dinh (a).

2— Nhom thé& am dién thich hop cho vi tri dinh.

3— Cdc vong 4, 5 canh c6 th€ mé rong mét vi tri dinh @ va mét vi tri bién e.

Tit ba quy tdc d6, & phan dng trén H di vao chiém vi tri @, nhom di ra Cl & vi tri e
chuyén thanh vi tri ¢ khi gid quay dé€ di ra va sadn pham cuéi cling la bao toan cdu hinh.

Phéan dng thé nucleophin & nguyén tit Si x4y ra theo co ché gidng S\ 2 trong dan xuét
halogen & moét mic dé nao dé vé hinh thde, cin so sianh phan Ung thé nucleophin vao
trung tdm la cacbon va silic.

Chang han, hidro hay halngeﬁ ¢ vi trl ddu ciu cta hgp chdt da vong cua cacbon
khong cd thé thé& nucleophin, trong khi dd cta silic lai ¢6 thé x4y ra, chdng han nhu phan
dUng sau: - -

S + H,0 2% [/Si + H,

H. . OH
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7
o G o

Mat khdc tinh chat 1ap thé & trung tam silic bat d&i phide tap hon d trung tAm cacbon
bat doi, chiang han cdc phan dng sau:

i , .

R,R,R,Si*H — > R,R;R;8i°Cl (bdo toan cdu hinh)
LiAIH,

RR,R,Si*Cl > R R.R;Si*H (quay cdu hinh)
LiAIH : ,

R R,R,S8i*OCH, ——— R,R,R,Si®H (b&o toan ciu hinh)

LiAIH
R,R,R,Si*OCOCH, ! . RR,R,Si*H (quay c&u hinh)

Nguyén nhan ¢d su khiac nhau dd 1a do nguyén t6 Si co obitan d lam 4nh hudng dén
toc do6 va hda hoce lap thé cha phan dng thé.

Su tham gia cua obitan d cta Si ¢d thé tao trang thai chuyén phéi tri 5:

_ l 2 R I -
Nu" 4 ~Si—X == Nu-Si-+X == Nu~Si—4X:
l /N |

trang thai chuyén

hay ¢d thé tao hgp chdt trung gian dang hinh thap kép hay ti dién:

‘ NU i NI'..I _1_ NH
Ve ] -
—_— e |
x A 7\
- X. ) +X:
. hay
\uhs. e Nu
x =" N
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Nhung trong ci hai trudng hgp, tdc nhan Nu™ ¢ kha ning tdn cong theo hai huéng:
¢ Néu tdc nhan tan cong vao trung tdm Si theo hudng trung véi hudng cta nhdm
di ra thi thu dugc san phdm quay cdu hinh:

¢ Néu tac.nhan tan cong vao Si theo hudng thang gdéc voi hudng cita nhom di ra thi
thu duge san phdm bao toan cdu hinh: '

Hién nay chua hoadn toan xic dinh diy du cdc nhan t6 quyet dinh tinh hda hoc lap
thé ctia cdc phdn dng thé nay.

3) Phan iing phén cit electrophin lién két Si—C

Nhom SiR, dé phan cat dj thé, do d¢ céc silan dé tham gia vao phén ing thé
electrophin. Chang han cac a1y151lan c6 nhém SiR, dé bj thé& bdi cac tac nhan electrophin -
khac nhau:

COOH  COOH

t Br, — +fCH 1§i Br

Si{CH,) .

Cl m(:13
(CH,),SiCl
SI(CH
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Hai phan @ng trén chiing td ring, tac nhan tin cﬁng khong tuan theo quy tac dinh
hudng cia nhom dinh hudng nhu o phén ung thé Sp vao nhéan benzen d day tac nhan
vao vi tri meta dai véi CH, va vi tri para déi véi nhém COOH, ching té xu hudng thé
electrophin & day 1a tdn cong ngay vao vi tri cita nhdm di ra (su tdn cong ipco), nghia 14
nhém silyl ¢d xu huéng dinh huéng manh electrophin truc ti€p vao vi tri da bi chiém.
Tinh chit do ciing thé hién r6 & phan dng loai nhom silyl bang phéan - idng pmtun hda
nhanh hon 14 phan dng doteri hda benzen dén 104 lan:

Si(C,Hs),

: k=104_ - o |

¥

D

; H* |
+ 0,0 L g HOD

Hiéu dng truc tiép cta silic nay sinh ti dit kién ring, silic 1am 8n dinh manh trung
tAm dién tich duong & vi tri # d6i véi nd. Tinh 6n dinh nay moét phéan la do tinh duong
dién tuong db6i cha Si, phan khdac la do tuong téc siéu lién hgp cha obitan tréng cia
. cacbocation vdi lién két cacbon—silic tuong déi khuéch tan.

Si

Kha nang cda silic lam 6n dinh cacbocation & vi tri f bi€u hién & phan dng cuaa
vinylsilan:
Br
Si(CH,), B2 Si(CH, )
3
//%K\\,/ ZUDC’

:
Br

dong thoi véi phan dng ¢6ng binh thuong, phin Ung thé ciing xiy ra dé dang:

Ph Ph
[3r
\/\SI(CH ) — %Br

33 ccCl,
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Cac dan xudt allylsilan ciing dé tham gia vio phan vng th€ electrophin kém theo su
chuyén vi néi dé6i: |
Si(CH‘,,,P)3

/COOCHS; p—TsOH i COOCH&
" benzen

80°C

Phan ung xay ra theo co ché proton hda noéi d6i kem theo nhdm ankylsilyl di ra. Su
6n dinh cta silic véi cation gAy nén sv proton hda d€ xay ra su tao thanh cation bac hai

dé hon 1a cation béc ba:
'Nu

| COOCH X COOCH COOCH,
JO — ]

Su chuyén vi ndi d6i cing thay trﬂng phén ﬂ‘ng sau:

(CH,4),S

o 0
”é EI""E / | 4
\ —Cl Cl

Cl. B Cl

4) Phan ting phan cit lién két ete Si—0-C

- Nhiing hop chat ca silic ¢d lién két ete Si—O~C ¢6 su phidn cit lién két Si—O dé hon
lien k&t C—0, do su hinh thanh lién ké&t Si— O dé dang vdi nucleophin, nhu nhitng phan
ting thé nucleophin dé dang cha silyl halogenua bdi ancolat dé tao thanh ete Si—0O va su
thty phan cac hop chit ete nay cling dé dang. Do dé nhdm silyl thuong dung dé€ lam
nhom bao vé trong cac phan dng hoda hoc.

O chuong ancol, ngudi ta ding nhém silyl d€ bao vé nhém OH trong cdc phan dWng
hitu co vi nhom silyl 1a nhdm dé di ra khi thiuy phian dé€ tai tao lai ancol. |
Phan Ung thuong dung trimetylsilylclorua v4i ancol khi co bazci yéu nhu trietylamin

(Et,N) - OH O0Si (CH, ),

(00%)

San phdm nay bén trong méi truong trung tinh hay bazg, song dé thuy phan trong
moi truong axit dé tdai tao ancol. |
Phan dng thay phan xay ra trong mdi trudng axit lodng, do dd trong phan dng sau
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vaAn bao vé dugc nhém epoxy: |
0Si(CH; ), OH
- H50 e
"0 ——— 0
- CH;COOH |

L

Nhom silyl bén hon, thudng ding trong thi nghiém la nhém tert—butyldimetylsilan
d& khda nhém OH khi ¢ imidazol va c¢d tinh chon loe hon, nghia 1a phan &wng v6i nhom
OH bac nhat dé hon la nhém OH béac 2 va 3.

| (IZH;; I '?Hs -
- fert- C4H55|iCI + HO\/\]/\ — s fert-Ca Hg SI"""O \/l\/‘::\ S
- CH, OH “Hs OH
| ' (85%) | |

tert—Butyldimetylsilyl ete ciing dé thay phan trong dung dich axit loang, trong THE -
- voi mét lugng nhé nude va o6 mat florua benzyltrimetylamoni: - -

Ch;

9.13.4. Polyme co silic

Mach polyme co silic thuge loai polyme di mach, trong mach phan tu:

PR R
—O—%i—O—'Si—O—SIi—-
R R R

cd su ludn phién cac nguyén té O va Si nén polyme giéng polime vd co, nhu thach anh,
amiang,... ¢d tinh bén nhiét rdt cao, déng thdoi lai co cac g6c hidrocacbon mach nhanh
nén co tinh chat giong polyme hitu co.

Loai polyme nay da phéi hop duge tinh chit cda cic chit v6 co va hitu co. Polyme
cd silic thu duge khi thiy phin cac cloankyl— hay cloarylsilan thanh san pham silandiol
tu trung ngung thanh polyme:

+2H,0

R,SiCl, —— R,Si(OH),
AP i ? B X
HO-Si-OH + HO-S8i-OH + HO-Si—OH —Hzo-,_-g,i—o-gi—o—g,i-()—
R R R R R R

poly dianky [siloxarn
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Né&u dung dan xudt tricloankyl sé cho silantriol va polyme ba chiéu:

+3H,0
T.8iCL, > RSi(OH),
—3HCI
i o8 B F ¢ %
HO—E‘IJi—OH + HO—SIi—0H+HO—S;i—OH *-Si—O—?i—O—Si—O—
OH R OH R
+ | —> O
oH R oH R0
HO—%i—OH HO—?i—OH + HO-—?i—OH -—S'>i—0—.'§i—0-—Sli—-O—
R OH R R O R

pﬂlyankyfsilmxau

Thuong dung hon hgp diclo va tricloankylsilan dé thu duge polyme cd so lién két cau
theo ¥ muén va d€ didu hoa mach, ngudi ta thudng cho thém vao hén hgp phan dng co
silan don chic.

Cac polyme thanh ph#n thdp cd cdu tric mach thing 1a chat Iong dung 1am keo, con
thanh phan cao phéan ti la chat ran va c¢d tinh dan héi nhu caosu goi 14 caosu silicon.

Thanh phan cua cdc géc hitu cd ddng vai trdo quan trong, cdac goc hitu co ¢d mach dai
lam yé&u luc tuong tac gilta cdc phan td nén lam tang tinh mém, udén déo va ting ban
chat hitu co cua polyme. Cac géc ¢d nhigu mach nhanh thi tang tinh mém, cd chia néi
d6i thi tdng kha nang khiu mach,

Polyme co silic thuc t€ bén & nhiét d6 250°C, giit duge tinh dan hoi 6 —65°C. Polyme
cé nhém khéng phan cue va tinh d6i xdng cao clia phén ti polysiloxan lam cho polyme
cd tinh ky nudc cao va cdch dién cao, it bi€n dang khi thay d6i nhiét d6, vi thé cde do

da, gidy, vai,... dugc phi polysiloxan cd tinh bén co hoc cao.

9.14. HOP CHAT CO PHOTPHO
Hgp chat co photpho bao gom hai loai:
— photphin c¢6 lién két P—H va P—C: photphin va dan xudt
— hop chat photpho chia oxi, cd lién két P—0: dang axit va este.

9.14.1. Hgp chit photphin

Tuong tu nhu amin, cac hgp chat cia P nay cd tiép vi ngt 1a photphin kém theo tén
godc hidrocacbon dinh véi photpho:

- CH,CH,PH, etylphotphin (photphin béc 1)
(CH,CH,),PH dietylphotphin (photphin bac 2)
(CH,CH,),P trietylphotphin (photphin bac 3)

Photphin bac moét va hai con cd lién két P—H, con biac ba khéng con cd hidro. Hop

chat quan trrong hon 14 photphin bac ba.

1) Phuong phdap tdng hop
Trong phong thi nghiém, thuong dung phuong phdap nhiét phan:

I p——

=i e
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r[‘}
2R-PH-OH —— RPH, + RP(OH),
!ﬁ
2R, PH=0 > R,PH + R,P-OH
O

Doi véi photphin bac mét, ¢d thé dung phan dng sau:

AICL
H,P + RX > RPH,

Phan dng cho hiéu suidt cao ma khong cd san phdm phu cua photphin béac hai va ba.

Doi v6i photphin bac ba, dung hogp chat co Mg véi PCl,:

ete _\p -
Mg Br + PCl; —5—= , + 3MgBrC

trixy clohexyiphotphin

2) Tinh chdt vit ly

-

L

Cac photphin 1a chit long khéng mau, ¢6 mui khd chiu, dé tan trong dung moéi k7 1
cg, it tan trong nudc. | |

Trong phé IR, pic hdp thu dao dong hda tri cia P—H bac mot la 2270—2340 cm-!,
pic cia P—H bac hai nam & tan sd cac hon & bac mot.

Trong NMR, d6 chuyén dich hda hoc ctia 3!P & photphin bac mét 1a 41-98 ppm, bac
hai 1a 121-163 ppm va bac ba 1A 8—62 ppm.

Bang 9.3. Tinh chilt vat Iy cia photphin.

Hop chét (o, "C/mmllyg n%ﬂ | n’%”
C,H.PH, 25/748 - -
CsHsPH, 160/760 15796 -
CyHsCH,PLL, 180/760 - -
(CyHs),PH 86/760 - -
(C,Hs),PH 150/ 12 16269 * -
CH,(C4He)PH 60/ 10 14579 -
(C,He)y P 127/760 14580 0,800
(CH)5P 81 (©, =79,5)

(CoH5)3(CH,)P 65/11 L5650 0,9670

Vé hda hoc lap thé, ciac hgp chit photpho ¢d bén nhom thé& khac nhau ciing 1a trung
tAm bAt d6i nén ciing cd dbng phan quang hoc giéng nhu hdp chét cacbon, chidng han
mudi photphoni bdn lan thé: |
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CH,CsH; |
metyletyIphenylbenzylphotphoni iodua

]y == 24°

Ciing nhu cédc oxit photphin, loai R{R,R;P=0 ciing ¢6 thé tach ra dugc cac nghich

quang:

CH,CH,
CH,

CE H5

oxit metyletylphenylphotphin
(2] 3 = 228° |

Cac photphin cd cAu hinh & dang db6i quang. Cau hinh cua cac photphin co téc do
nghich dao cham hdn cdc amin nhiéu, ching han mu6n raxemic héa hoan toan photphin
quang hoc nay doi héi phai dun ndng trong vai gid. Tinh 6n dinh cha cdc photphin gin
téi tinh 6n dinh cta cdc mudi photphoni: |

- C,Hs CeHs

\P' cham - P/
C,Hr" 0 = T C;H,
/ \CH3

CH,§

3) Tinh chdt héa hoc
a) Tinh bazo
Céc photphin 12 nhitng baza. Dé&i v6i photphin béc ba, tinh bazo bi€u hién ¢ kha nang
3 dung cap electron n vao lién két vdi cdc nguyén té khac, giong nhu amin béc ba.
Trai v6i amin, cdc photphin cd cdc nhém thé& khac nhau cé tinh bazo rit khac nhau: -
R,P >> R,PH >> RPH, >> PH,
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Bdng 9.3. Hiing s6 bazo ciia cdc photphin

Hop chat pK, Hop chat | . pK,
CqH7PH, (143 (C¢Hs),PH - 003
(CgH7),PH 441 . (Celc),P 2,73

- {iso—C4Hg) P 797 (n—C,Hg),PH 4,51
(xyclo—CgH, ), PH 455 (CH,),PH 391
(xyclo—CsH,  rP 9,6 (CHy),P 8,05
(CoHs)aP 8,09 (CHg ), (CgHs )P 0,25
(CH3 (G H P 8,62 (CH(C,He )P 8,62

Cac photphin c¢d tinh hinh thap trong ciu tric cac hon amin, do d6 cd su thay d6i™

géc dang k& xung quanh P. Trong trimetylphotphin, géc C—P—C 1a 99°C, phing hon so
véi H-P—-H trong PH; 14 93% trong triphenylphotphin ¢d géc C—P-C 1a 103°,
Photphin hoat déng nhu 14 mét bazo Lewis va tinh bazo phu thudc vao cdu tric, ndi
riéng phu thuéc vao muc dé thé& cia P. Sy thay d6i dd, mot phan phu thudce vao su thay
ddi gdc hda tri gitta cdu tric hinh thdp cta photphin v8i cfu tric td dién cta »udi
photphoni. S0 v6i amin, tinh bazo cta photphin nhé hon tinh bazo cia amin dén 100 lan.
Ban than PH, khong c6 tinh bazo, con tinh bazd ciia photphin bic mot va hai khdc nhau
nhieu. Cac arylphotphin co tinh bazg y&u hon ankylphotphin.
Mée dau photphin cd tinh bazo y&u hon amin, nhung photphin phén cuc 16n hon va
photphin 1a nucleophin manh hon va dé tham gia vao phan ing Sy 2 hon. |
Photphin bac ba la phéi ti cho electron tot cho cdc kim loai trong qua trinh tao phic
hay digu ché& cac hgp chat co kim, ching han:
(CﬁHS)ng.‘_‘ *,,-'P(CGHS):s
Rh
CcH).PT eI

b) Tinh axit

Cac photphin bac mét va hai cdn ¢ H nén c¢d tinh axit, ¢ kha nang tdc dung véi
kim loai kiém hay amidua kim loai cho photphua. _
Cac photphua kim loai dé tham gia vao nhiéu phan dng téng hgp khic nhau tao nén
hop chat ¢6 lién két P-C:
RPHNa + R’Br > RPHR'
2R,PK + BrCH,Br —— R,P-CH,-PR,

HOH
N .
O
R,PNa + CO, > R,PCOONa
R,PNa + R'COCI » R,PCOR’

Cac photphin bac mot va hai dé tham gia vio phan ting thé& hidro lién két véi P nhu
halogen, S,...
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coc,
~P-COCI
Br |
2 > P—Br
~
.ﬂ-—'P_H RSCI
P SR
XHgCHZCHO

.SP_0-— CH= CH,

(CH;),N—PR,

» “P—-PR,
¢) Tac dung voi O,
(O) |
- — R=PH; "~ T e
R—PH2+-< . 0
(O) du | .
> R—-P(OH),
o (0) du i (3
R,PH + > RZ—‘P—O_H
(0) | |
R,P + > R,P=0

Phan tng x4y ra theo co ché gdc, do dé ngoai sdn phadm chinh con cd san pham phu.
Photphin bac ba rat dé bi oxi hda bdi oxi khong khi hay cdc peraxit, peroxit, ozon,.. déu
cho oxit photphin: L -
R
R.,P + O, - R;P-0-0*— R3I|:._O‘ },2R3P?0

O

d) Tac dung vot S
Phntphin bac mo6t phan dng véi S cho sdn pham khac nhau phu thudc vao lugng S:

+5
s :-CH-—-P II’ C.Hs
C.H: ]i:: II:" CH.
SIS
o S\_
+68 Vs \
C.H:PH, THs > CcHe E’\ / " 6H5
Photphin bic hai phan dng v6i S khéng tach HZS:
+S 1S B B_SH |
R,PH — RZEH —> 29'3' -

Photphin bac ba phan dng vdi S cho thicoxit photphin:
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R.,P + S, —&RP+ S—5—5.-5"

RPJr S—S— S -8 + RyP— R,P= S+RP+ S—S— S -S

RP*ﬁ— -—s -S”™ + R,P —> R,P= s+RP+ S S_FS.3 57,
Phan dng nay khﬂng xay ra vong hda va cd su bao toan cdu hinh. .

e} Tac dung vdi cac hop chdt chua no

Cac photphin cd lién két P—H dé& céng hop vao hgp chat chua no nhu anken, ankyn,
dien. Phén dng dé xay ra khi ¢d 4nh sdng hay peroxit va theo co ché gﬁc |

R,P* + CH,=CH-CH=CH, - — R,P- CH —CH=CH- CH;
| | ~ JR,PH -
R,p—CH,-CH* -CH=CH, R,P-CH,CH=CHCH, + 'R;.,P- e
} R,PH
2 sz*H
R,P—CH,CH,CH=CH, » R,P—CH,CH,CH,CH, PR

Nhiing hdp chit chua no khac cd ban chdt electironphin cnng hﬁp voi phntphln bﬁc
mot va hai theo co ché ion:

RO™

R,PH + CH,=CH-CN > R,PCH, CH ,CN .
-Photphin béac ba cing dé cong hgp véi hop chit chwa no cé tinh electrnphm |
R,P + RCH=C(CN), » R3P+-CI-IR—(|3-—C—N_

v8i dan xudt acrylic: ﬂ
HX . B
- [R,P"CH,CH,Y|X

R,P + CH,=CHY —

nCH,=CHY

— R,P*CH,CH”Y > R,PY(CH,CHY) CH,CH"Y

khi khéng cd HX sé xay ra trung hgp anion.
' g) Tac dung véi hop chdt cacbonyl

Photphin cong hgp vao hgp chit cacbonyl cho san pham hydrukyankyl:
HCI
(C;H,),PH + CH,O > (C;H,),P*(CH ,OH),.Cl™

khi khéong cd xic tac, véi CH O chuyén thanh metylnlphutphm hau nhu dinh lu’Ung
RPH, + CH,0 — RP(CH ,OH),

R,PH + CH,0 — R,PCH,OH
con R4P v6i nhém C=0 cing cho san phdm céng & dang muéi: =
R,P + R’CHO + HCl — R,P*-CHR’OH.CI~ -

Khi hgp chét cacbonyl cd lien két déi thi phan dng cta R-iP cong hgp vao néi déi cho
ion kép nguge dau:

co _CO~
| S0 —— Rp* >0
cO cO

R,P +
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R,P + (C/H,),C=C=0 — R3P+-—(|3=C(06H5)2
0O-
Néu ion kép hinh thanh ra duge n dinh bing cdng hudng thi phin ing dung lai d
giai doan nay, con néu ion khéng bén, nhu trudng hgp cubi & trén, thi chuyén hoa tiép:
R3P+—(!J=C(C6H5)2—-—> R3P+-Q;—C_=C(CGH5)2.—1- |
O-
- R,P=0 + (CH.),C=C: — R;P=0 + C.H,C= CCH5

Trusng hop dién hinh la cac photphin co géc chua no, nhu vinyl phutphm thi goc
vinyl ¢ kha nang céng véi tAc nhan khac theo su dinh hudng § cua nucleophin:

(C;H.),P-CH=CH, + R-Li - (CﬁHS)ZP'—(I)H—CHzR

I 3 T
R,P-CH=CH, + R,NH — R,P—-CH,-CH,—-NR’,

Phan dng trén ching té tinh chdt hat electron cia P. Tu cac tinh chit hda hoc va
hda ly khi nghién cdu cédc vinyl — hay arylphotphin cho thdy, khdc véi amin, hgp chidt P
khong dac trung bing hiéu dng lién hop 7 cho electron ma bang hiéu dWng lién hgp obitan
d—n hit electron. Can cud vao cdu tric, géc hda tri trong hgp chat photpho phdi tri ba la
100°, nén cip electron p cia P khéng cd ban chit p 16n (chi khoang 50%) (amin c6 goc
hda tri 1a 120°, ban chat p 13 70%), do d6 hiéu ung lién hop p — = thip hon (so. v8i N),
nghia 1a cip electron p cua P khong tham gia vao lién hgp. -

Song cing dd quan sit duge trudng hgp ngude nhau. Chang han, phan ting:

RO, R . P(CH,OR), khong xay ra

P(CH,Cl), — o

ROH,RONa I
> CH,-P(CH,0H), + ROR

& day P xudt hién hiéu dng lién hgp o—p, tudng tu nhu hiéu dng lién hgp o—x cha din
xudt allyl: O .

o | ROH Y/
CQ CHZ—G:’:: + RO™ — CH2=II’-OR — CH3—P\ + ROR

tuong tu:

f) 5 ; HOH |
Cl—=CH; =P + CI"— CH,=P-Cl. > CH,—-P=0
|

Phan ing cd su chuyén vi khi dan xudt photpho ba hda tri thé a thuong gm la
chuyén vi gia allyl (pseudoallylic). : =
Tu do ¢ nhitng két qud phan dng sau:

CIPR, + CH,N, > CICH, PR,

CICH,PR, + HOT — CI” + CH,=P-R — CH;-PR,
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CICH, PH-OH == Cl- CHz-g ~OH ——— CH,=P(OH);— CH,P-OH
H | OH
HCI 2 2V
PH, + RR’CO » H,O0*~CRR’<PH, + CI'— H,0 + RR’C=PH,~C]
H,0

-~ RR’CH—PH,=0

9.14.2. Mudi photphoni

Mudi photphoni duge tdng hgp bang ciac phan ing chung & trén tit photphin béc ba:
R,P + RX —— R,RP'X"
Ar,P + Ar'X —— Ar,ArP'X"
R,P=CH, + R'X — R,P*'CH,R’X"
Phan dng dac trung ctia mudi photphoni Ia nhiét phan muéi:
RPXT —— R,P + RX

Phan dng nhiét phan xay ra khd kh&n hon mut‘:’u amoni. Mudi photphoni ¢d thé thu
duge t¥ mudi amoni khi dun nong:

R,P + R'CH N+(CH3)3X_~—-—:~ R3P+CH R'X™ + N(CH,),
Phan dng phan huy mudéi photphoni khi ¢d kiém xay ra nhu khi phdn huy mudi

amoni theo co ché& tach §, chi xay ra trong trudng hgp cacbocation hinh thanh do.su tan
cong cia HO™ hay RO~ duge 6n dinh bang lién hop:

- HO™
R %‘ CH,-CH,-P*R, > R'~C~CH=CH,+ R;P
. | . -- --;0 - . .
@—CH;—CH{—P'—*—Rs > @-—CH=CH2 + R,P
_ = ;
NC-CH,—-CH,-P*R, > CH,=CH-CN + R,P

- Dai da s6 phan ing ctta mudi photphoni khi dun ndng véi kiém cho sidn phidm oxit
photphin hay photphinankylen.

- Chéng han véi kitm nuéc (it khi dung dung dich rugu ancnlat) cho phan dng thé ¢
P d€ hinh thanh nhém photphoroyl:

R R | R
R.P'CH.R’ + HO™ —= I—IO—}P{-CH R’ HO; “O;PI’—CH R’
3 2 — 2 s 2
/ N\
‘ R R R
H* | ._
— R,P=0 + R'CH; > R,P=0 + R’CH,

Phan #ng x4y ra v6i su quay cdu hinh néu mudi 1a hop chat hnat dﬁng quang hoc.
Su quay cdu hinh & day la hoan toan. |

Céc bazo chda oxi nhu HO~, RO~ dé tach ldy nhdm ankyl tif mudi photphoni béc
bén. Phan dng cd quéd trinh tao trang thdi trung gian phdi tri 5 thuan nghich v3 thuan
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igi vé nang lugng do tao thanh nhém photphoroyl.
Nhung néu dung bazo manh hon thi sé tao thanh photphinankylen do sAn phdm nay

duge 6n dinh bang hiéu dng lién hop p_-¢_:
(C H5)3P+ CH,RClI” + R'Li — (CH;),P=CHR + R’H + LiCl

210°C
(CH,),P*CI™ + RLi » (CH,),P=CH, + R'H + LiCl

Nhung néu trong mudi photphoni chia géc ankyl cd hidro rit linh dong, co tinh axit
cao, do cd nhém hit electron hay nhdm cd kh& nang tham gia vao lien hop thi co thé

diing bazo yéu hdn:

o NaQIl
(CH.),P*CH(C H,),X > (C,HJ),P=C(CH,),
Na;, CO4

photphoron

Mu6i photphoni bac bdn ciling bi khit dén photphin, tac nhan kh{ cd thé la Na, K hay
LiAlH,, cho s&n pham phu thudc vao cdu tric mudi photphoni:
(C,H),P*CH, + LiAlH, > (C,H.),P-CH, + C.H,
(C6H5)3P+CH(CH3)2 + LiAlH, —— (C H),P + CH,CH,CH,

Phan dng trén 14 do su tdn cong cia H™ vao P roi tach ra C.Hs:

(C H5)3P+CH +- H_—-—J- (C H5)3PHCH — (C.Hs), P+HCH + C.He

-~ (C HS)ZP -CH; + C,H,

Phan dng dudi 1a theo co ch& Sy 2 vao cacbon no:

| H CH3

(C H5)2P+ CH(CH,), + H;AI™-H — H,AL.H.. C P(C Hs)q
CH
| —> AlH, + CH,CH,CH, + (CHj),P
Khi khit bing dién hda, qud trinh cd su chuyén electron t6i nhdm ankyl ma khéng
téi nguyén tu P:
RP+CHR’ + e"— R,P + R'CH,
Phuong phap nay hay dung dé téng hcip nhu‘ng photphin hoat déng quang hoc tu

mudi photphoni bic bon hoat déng quang hoc.
Mudi photphoni bac bén hay la ion cGa nd véi Pt lam linh dong cac hidro ¢ cachon

ankyl, chidng han:
(CﬁHS)SPJ’—-CH:; + n—-C,HyLi — (06H5)3P+—CH£ + n—-CH,,
anion hinh thanh goi 14 ylid photpho. .

C6 thé cho ring lién k&t cacbon—photpho ctia ylid 14 xen phu ctia obitan p cua C va
obitan d cia P, song tinh toan co hoc lugng ti cho thay ridng nhan té hit tinh dién ¢
day gita dién tich duong cua P va dién tich am cua C la quyét dinh hon. Tinh phén cue
héa cao cta dam may electron hda tri bén ngoai lam tang tinh dn dinh cta ciu trac ludng
cuc caa ylid. Su phan cyc huéng vé phia P:

R3—-—-E+;I_-—-CH;

Chang han phan dng:

CHE}-—%I:"L(l'l)CZHS)2 + n-C,/H)Li ~— _CHZ—-F(OCZHS)Z%
O - O
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CH,CHO O H,0 o
» CH,—CH-CH, ﬁ(oc JHg),—— CH,-CHCH,-P(OC,H,),

OH d

San pham thu dugc la S—hy droxylphotphonat.
Tinh axit cta hidro & cicbon o cha goc ankyl cang tiang khi cd nhnm th& hiat electron.

'

(C,H,),P*—CH,~CO-C,H, (CHy),P*—CH,—COOC,H,
pK , =60 pK, =91
Chu y rang photphinankylen ciing ¢d dang céng hudng tucng tu:
[R,P—CR’, <> R,P*—C7R’)}] '
Photphinankylen la hop chét c6 kha néng phén dng eao, ed-bain—<echit-nueleophinrit—— —-
16n. Hop chdt nady goi 1a thudc thd Wittig, cd kha ning phan Wng v6i HX, hop chat
cacbonyl, clorua axit,... (chuong 2; 10)

Chang han:

9.14.3. Hop chit photpho chia oxi (axit va este)

Cac hgp chat co photpho chia oxi thuong gap d dang-axit hay este va cdac dan xuit
thé ctia nd.

Tén axit Tén mudi

P(OH); . axit photphord mudi photphit
R—-P(OH)2 | axit photphono mudi photphonit
R,P(OH) axit photphing mudi photphinit

=P(OH)3 axit photphoric mudbi photphat
R—-P';'(OH)Q axit photphonic mudi photphonat

O
Rzﬁ( OH) axit photphinic - mudi photphinat
0O |

Trong cac hgp chit trén, thudng gip va cing quan trong hon la dan xuﬁt clia axit
photphoric, axit photphors va dang mudi 1a photphat va photphonat. : -

1) Ankyl photphit va photphonat

Cac ankyl photphit duge didu ché theo cAc phan dng sau:
PCl; + 3NaOR — P(OR); + 3NaCl
((2HshN

PCl, + 3CH,CH,