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2 ©f n-Heptane, n-Octane, n-Decane, 2, 3-Dimethyl Butane € chlorination agent i N-chlo-
rosuccinimide,  tert-Butylhypochloride, Trichloromethanesulfonylchloride, Carbontetrachloride
Tri¢chloromethanesulfenyl chloride, Phosphorous pentachloride Chlorine $-¢ 2 benzene %= CS, &
W Fo A 48409 47+ Mono-chloro alkane ¢] o] 423} EYEL Aoz mHyYr}
A7) A stetlA @3t A ugol W ASAA ¢ A AFA FE BHE o
443 {-= (Isomerization distribution) & &3] slich, o) § AsE FY2AE Z& 239E ¢
9] free energy, z8l% alkaned AN ¢4 YA} A e GH7A] A2& C-H bond 3
A F3A 4 B3 de|Ret

ABSTRACT. The chlorination of C;Hys, CgHis, CioHpzp and (MeyCH), with N-Chlorosuce-
inimide, tert-BuOCl, CCl;SO,Cl, CCly, CCLSCI, PCls, aad Cl, in CsHs or CS, which both form
loose complexes with Cl, atoms yielded mixts. of isomeric monochloroalkanes which were analyzed
quant. An isomer ratio differing from that known for the substitution of paraffinic hydrocarbons
was observed. The isomer distribution observed is the result of the combined effects of the differing
C-H dissocn. energies of the different types of H atoms of the alkane and of the free energy of
the attacking radical with polar effects of the attacking radical as well as of the hydrocarbon.
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Tert-Butylhypochloride 36, Trichlorometh-
ane sulfonylchloride 4~*, Carbontetrachloride®
Trichloromethanesulfenylchloride$, Phosphorous
pentachloride’ 34 & EAHE chlorination
agent & o] £% st H A wk3l4.9] penta Y4
3 gl A x 2° Ao @AV 1:30] 4
U EE A% A% dobgict, oY ZE
Ao $AH o2 ARG stehiA] w
3d EE cycloalkane o) J43) gE AF
HR 2, TEAF n-alkane ] BE 2§ T44
A7k Cl; & o] &% AR i A Fo] HAF
AAel Aobed & AQo) st} WA B3k
v}, @etA $-al & n-heptane, n-octane, n-de-
cane, 2, 3-dimethyl butane 2] <+A A &gt A<
E7o 94384 A <e]=l monochloroalkalne o]
AAA EFEY =24& ATt

n-Decane 7} A o 3 35 = n-alkane 9 o 43}
PAEE E4%7] A% GC & o434 chl-
oroalkane o] 4] E{FE H2ld}H o,

¥ #

40X 4cm quartz tube § Cl;—N, gas mixture
T4 A F 2t (3§ w3k a-heptane,
n-octane, n-decane, 2, 3-dimethyl butane &
CCly, CS,, CeHg 2 £l o} Al = vl glol
W3 2yt A UV lamp & WA}A 2 o}, radical
Sulolmg A4yl &A3 % palymerization o]
oatarE Q7] H3 Ny gas FHAAE, =3
55 kgl BdE FAER e HCI & ¢

A7l A8 N; gas & FHAAE, 284 dolgl
T mixture §& $2A39 AFEERA A
&% silica gel gl ¥= .pentane £ 8 washing
3rr, EA4ee] 35)o] 284 mono-halide 7}
AAVGLZ 0| R & GCE Aol AFH o 0|4
AH ¥ 4& Yopdicl. Straight~chain paraffin
B2 N-chloro =+ N-bromosuccinimide S-oj]
oH A4 FE2ASS 5, E isomeric haloparaffin
(XR) && Ucon LB 550X Goray column (200m
X0.5mm inner diam)e] SJ#A 225 sk,

o] 7|71 carrier gas 24 He (4.5ml/min)
£ A}8-3}= flame-ionization detector & 23 1
v}, @ 7}=] haloparaffin 9 column 2 detector$
2%, flasherd &2 & Amyy g el

CIC;Hys ¢ 70°C, 170°C BrC,;H;s : 90°C,

170~5°C

CICgHy7 : 90°C, 175~9°C  BrCgHy; : 90°C,

230°C

CICyoHy : 120°C, 232°C

HE Fn

- Element chlorine 8 ©] &3t #eldA] =3}
&9 g3
quartz tube Qto} n-heptane, n-octane, n—decane
Z Imole & ¥=, 0.2mole N; 2 EA7E
0.Imole Cl, 2 147 wk-gA7l+t,
o] ¥F£2] 42 mechanism & o3 7o},
Cly+hv—>2Cl-
Cl- +RH—>HCI+R-
R« +Cl,—>RCl+Cl-

Table 1. The composition of monochloride isomers gained from chlorination reaction of n-heptane, n—octane
and n~decane under uv irradiation by element chlorine

Temp, % z-chloro-n-alkane Relative reactivity
No. Alkane
(&) 1—- 2— 3- 4— 5~ Hprim/Hsec
1 n-Heptane 20 14.9 35.2 33.3 16.6 —_— 1:3
2 a-Octane —20 14.3 30.8 28.8 26.0 - 1:3
3 n-Octane 20 14.3 30.4 28.4 26.7 - 1:3
4 n-Decane —10 12.5 22.7 22.0 22.1 20.9 1:3
5 n-Decane 20 12.6 23.9 22.4 21.2 20.8 1:3
6 n-~Decane 98 12,5 22.3 22.2 21.6 21.3 1:3
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Fig. 1. Chromatogram of monochloro-n-heptane isomer mixtures gained from chlorination reaction of
sn-heptane by element chlorine.
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Fig. 2. Gas chromatogram of chloro-n-heptane testmixture.
s
FR ]
1 Ed
s iy |
g o ? <
[1 5 H ~§ "
<
. A 3
: : 3
Q
oL
l A A . _J
22.6 ie M7 132.4

2eit{min)

Fig. 3. Gas chromatogram of chloro-s~octane testmixture,
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Fig, 4. Gas chromatogram of chloro-an-decane testmixture.

tbg Table 1.o) Q4£F o] 43 n-heptane + 0.5mole Benzoyl peroxide & A} &30 98°C

n-octane ¥ n-decane &] HE A3} ul-FoA
A 45 = monochloroalkane o] 3 A3 T §E2)
ZA4 & 23,

Qa3 YA FTE GCH oz AN AEo
E gopdl Apd e F8 3o M Clod 9 a-
alkane 2] X @uk-gellA 2249 —CH,; 79 4
439 AL A Aot 93 ¢ F AA
2, A9 dFezw 25 F —CH 719 4
£X 8- 33 B4 F& g

Fig. 1~4 & Table 1) 191 7 mono-~
chloro alkane isomer 2] GC chromatogram o] ¢},

- N-chlorosuccinimide 8 o] &% s}eigiA] =}
Srae] d43

n-octane, n-decane 7} 1mole £ 0. 1mole Su-

eNCl & o] &3t F&H{AA, o4 AAA=

742 A A3 sdste] 98°CoAAM 147 0%
St gAY, AehRA @3] N-chloro-
succinimide o] 2| G243} 3 & A A
of &]3}e] radical reaction, & free chlorine
radical of )3t} wh-go] AAgo| VAUt
10ae
N-chlorosuccinimide ¥ of8-2] w8404 »
£ Hpehzde] uhg EfEFd AN 43¢
32 9k A& free chlorine radical & 7}
= e,
SucNCl—>SucN- +Cl-
Cl- +RH—>R-+HCI
HCl + SucNCl—>SucNH+Cl,
R- +Cl;—RCl+Cl-
Element chlorine 3% N-chlorosuccinimide &

Table 2. The composition of monochloride isomers gained from chlorinaion reacton of x-octane and n-decane

by N-chlorosuccinimide

% z-chloro-n-alkane

Relative reactivity

No. Alkane
1- 2— 3- 4— 5— Hprim/Hsec
7 n-Octane 15.0 30.9 28.5 25.4 — 1:3
8 n-Decane 1.0 23.0 22.5 22.2 21.3 1:3
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o] 3 ute}aiA gl 9] n-alkane 9| Fa3}
A4 1°H, 2°H8 344 hgFxe §o) 2
% 1:30]}, Cerny £} Hajek® .2 N-chlorosu-
ccinimide o] 9% hexane 8 g43loA ciok
2°He 943 uwgE%g A3 o 4¥
hexane & & 43} Fg)A L AF
XY, Table2 = ASHA g48 984 °H
o WA Ee] 4} B AL NdFd o
gz =28 $49 dFe g 2T E Q4%
gL FAg FadH € R Fn g

n—Octane, n-Decane & N-bromosuccinimide
& BE3 9= vl secondary bromoalkane
ato] AYEtE AL AW 2EFzm
Hove, 883} 44989 GCoAE primary bro-
moalkane | &4 ¢ H& 4 gleh. A% A2
& o] yt§o] alkane 3} N-chlorosuccinimide 7+
£ e qkgol ety A e B a2
A %o d4s, BES S oA 1°H/2°H
8 ARH S ¥ge Fuddd 2§

ookt g,

- Tert-butylhypochloride (hypobromide)oj £
& shebalA wshrad das(es)

5mole Bz,0, & | A A 23] n-heptane, n-
octane, n-decane Z} Imole € (.1mole & tert
BuOCl (¢¢r2-BuOBr) & 98°C oAl §4}-¢4 @ o)
xir}, Tert-butyl hypochloride o] &3t =)=}
A ed¥ras] 9ga5ur-2-2 radical reaction
28 o] Folzlrhint,

Bz,0:(Av}
(CH3) ;COCI— (CH;)CO- +Cl-
{CH3)3CO-+RH— (CH33);COH+R-
R+ (CH3) sCOCl— (CHJ) sCO- +RCl
Element chlorine 3} w}37}212 2° hydrogen
o +AReR AT ukSo] o}, Wa-
Ning &} Jackhow' 3= 40°C oA butane & 9g&
o 1°H> 2°H Y A3 v g 1:
8z A& wEHATE 23 $3] & n-Heptane,
n-Octane, n-Decane & 40~45°C oA 4318

Table 3. The composition of monochloride isomers gained from chlorination veaction of #-heptane, n-

octane and n-decane by zert-butylhypochloride

Reaction %-z-chloro n-alkane Relative
No  Alkane Initiator reactivity
(°C} (min) 1- 2- 33— 4— 5—  Hprim/Hsec
9 n-Heptane ECSHg.CO)zoa 98 60 8.9 44.9 32.0 14.9 1:6
5 Mol}
10  n-Heptane Ay 0 40 6.4 453 33.8 14.1 — 1:9
11 n-Heptane hy 20 40 10.5 40.7 32.3 14.9 — 1:5
12 »-Heptane hy 45 40 126 384 342 14.6 — 1:4
13 n-Heptane h 60 40 13.4 37.9 33.6 15.0 - 1:4
14 n-Heptane hy 98 30 13.5 39.4 32.7 14.4 - 1:4
15  #-Octane ngHscO)gOg 98 20 82 397 21.5 24.6 - 1:6
SMol)
16 #-Octane v 0 50 5.3 42.2 2.9  24.5 - 1:9
17 n-Octane hv 20 4o 6.3 382 287 262 - 1:7
18  n-Octane A 4 30 1.6 37.2 265 24.7 - 1:4
19  n-Octane hv 60 20 11.4 37.3 265 4.6 — 1:4
20  n—Octane Ay 98 20 11.7 36.4 2.6 25.1 — 1:4
21 n~Decane EC;H;CO) 20, 98 40 6.0 29.5 21.6 21.6 21.3 1:5
5 mol)
23  n-Decane Ay 20 60 5.5 29.1 23.1 21.2 21.1 1:6
24  n-Decane by 440 40 7.2 27,5 22.3 22,0 21.0 1:5
25  n-Decane hy 60 30 8.5 282 21.8 21.4 21.2 1:4
28 n-Decane Ay 98 30 9.0 27.4 21.7 21.3 21.5 1:4
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Table 4. The composition of monobromide isomers gained from bromination reaction of n-heptane by

terz-butylhypobromide

Reaction % z-Bromo n-heptane Relative

No  Initiator reactivity

Temp(°C)  Time(min) 1- 2— 3~ 4— Hprim: Hsec
27 hy 0 90 3.4 45.9 M5 15.4 1:17
28 hy 20 60 4.5 46.7 34.3 14.5 1:13
29 hy 40 60 5.0 45.8 H.7 14.4 I:11
30 hy 60 60 6.5 44.6 33.6 15.2 1:9
31 hy 98 40 7.7 44.2 33.0 14.9 1:7
32 gcsHsco) 202 98 40 6.7 44.3 34.0 15.0 1:9

5 Mol)
: :

s

3.3

T —v

24 ® (3]
Zeit (mia)

Fig. 5. Chromatogram of bromo-z-hptane testmixture.

w 1°H3t 2°H 9] v go] 1:4~1:52 §
2 %2 55,

GC F4 A 3 n-alkane € tert-butylhypochlo-
ride 2 4124w A& secondary alkylch
loride & 2°Hol] PAA 2= go] A7 AL
29 #4922 A/ £ A qFe
2 Eo29F A Z2Lded 2 Fole A9
FAR Asolr}t, weby deldA Babpad
T Fe 2 °H A 3Huke vl o] A
LA e},

Table 3.2 n-heptane, n-octane, n-decane
2 tert-butyl hypochloride & ul-2A 2= 1°H,
2°HY 42X vige 2Ed J&shz U
£+ Aoz ndFagich zea $el9 4
YE 5Es 2o & YT RAF
At (Table 39) 29 9, 14, 15, 20, 21, 26).

29l 2, 3-dimethylbutane 2 fert-bucylhypoc-
hloride & 64°C o 4] benzoylperoxide initiator
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& A3 WAzl 299 g e 1°
H, 3°H9] "] ge] 1:70)x, UV-light & A+ &
Jobd 1:302 T SAFUH(Table11 4
¥ 95,96).

Table 4 & n-heptane & tert-butylhypobrom-
ide 2 WA Y45 & isomer T BAF
= Qe

o] A2 n-Heptane 2 tert-butylhypochloride
2 da3 2w} v 2 1y tert-butylhypob-
romide & B.EF3 AP+ 1°H 9 3 §{v] go| chl-
orination .t} %ol AL ¥HdFrf,

(CH})sCOX— (CHy):CO- +X-
(CH3):CO++RH— (CH;) sSCOH+R-
R- + (CH,),COX—> (CHj);CO-4-Rx

o] B}-2-2 tert-butyloxy radical yk-$-0] oh]
3. tert-butyloxy radical 3 bromo radical o] A
2 e SA ¥= 9% 93 z—complex & 3
Az Qe =2 activity 7} Ro} C-H # 2]y



3% 5 R &

A7b gt °H & o @l FA3} A Wukgol
Lol He AL no £oh, 2FA ged
n-alkane & tert-butyl-hypohalide 8 A3} (x
F3) A2« BAs|& isomerization 3} ook
g,

Tert-butylhypochloride o} A} A 4 =] = chloro
atom &2°H #41 ok 2 I°HE $A4 849, 23
 tere-butylhypo bromide o] 4 4] 4 5] & bromo
atom & W& reactivity £ A2 17 = 24
°Hgg 3437 do, 237 4 &l 1°H4
X Ze) 1ol M & tert-bytylhypochloride & |4
8} ul-go) zert-butylhypobromide 8] » &3} 1yl
$ug 9 2,

» Trichloromethanesulfonylchloride of 3}
stetgA 8449 @43 n-heptane, n-oct-
ane, n-decane Z} 1mole §- Smole Bz;0; 2 7
A A 2 3t 98°Col A 0.1mole CCLSO.Cl2
yhg-A A v,

Trichloromethanesulfonylchloride o 23 =}
gAA BEras a3t b0 g3
4e~b 9°H & 1°H .1} selectivity 7} Eo} 2°H
o] 1°Huch 4 d4gsin £49 o2 v
99l —CH, groupol 9437 $43902 5
R0 &4t AA sigA PEE d4

ARel LAHA. 214, EAY ez
AT F QAN Pol FadA He AL F
A8 A k", Aol AXSFE 1°H, 2°H
9] @) gl o7kl W Fol Ak (Table 5)
o] ¥k8-9] reaction mechanism & &3 7

=.

A) CC]SSOzClib°CCl3+SOz+CI-
-CCl++RH—>HCCL+R-

R- +CCl,S0;Cl—>RCl1+ 80,4+ -CCl;
-CCl3+ RH—>R- +HCCI;

B) R-+CLSO,Cl—>RC1+CCl380,-
CCI80;- +RH—>CCl;S0,H+R-
CCl,S0,H——CHCl;+ S0,

+ CCly 9} CClyBr & o] 43 #2t4 tsle
A Ga(EEI)
n-heptane, n-octane, n-decane 7t Imole &
5mole Bz,O, | A]A| &A3}e]4 0.1mole CCly
2 98°Collq 947 ubgA A, o 439
% mechanism & o+-&3} 3kt
R’'O0OR——>2R'0O-
R'0-+RH—R'OH+R-
R-+CCL—>RCl+-CCl4
-CCl+RH—CHCIl;+R-

Table 5. The composition of monochloride isomers gained from chlorination reaction of n-heptane and
n~decane in the presence of peroxide by trichloromethanesulfonylchloride

RXN. % z-chloro —-alkane Relative

Neo Alkane Teactivity

Time(hv) 1—- 2—- 3- 4—- 5— Hprim/Hsec
33 n-Heptane 3 1.8  50.3  32.0 15.8 - 1:33
M a-Octane 8 1.9 42.0 30.0 25.9 —_— 1:27
35  n-Decane 7 1.7 32.9 22.3 22.0 21.8 1:22

Table 6. The composition of monochloride isomers gained from chlorination reaction of n-heptane, -
octane and n-decane in the presence of peroxide by CCly

% x-Chloro-n-alkane Relative

No Alkan reactivity

1- 2-— 3- 4— 5— Hprim/Hsec
36 n-Heptane 1.9 48.9 35.0 14.0 - 1:32
37 n-Octane 1.8 41.8 30.4 26.0 — 1:27
38 n-Decane 1.8 31.9 22.7 22.0 21.6 1:20
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CClyoll 2%k G432} uhgold A7 isome-
rization &  trichloromethanesulfonylchloride o
&)%) g &3}9] isomerization 7} 7},

Table 62 CCl o] 231 o 43} isomerization
£ ) RAole}, Table 59 v zdd-& & uk
$9] isomerization 0] RF &AL 44 9}
et F ubg BF -CCly radical ol )& A o]
F44E & Ak AL F 159 relative
reactivity 7t 27} w§o] dojri Hgolrt

CCl3Br & bromination agent & A}£8] Sujx
isomerization 2 #= Ze}Hs,

Chambers 9 Ubbelohde! = propane< n-Buta
ne<#-Pentane<n-Hexane % chaino| ZAojA4
& reactivity 7} 73 AL gl WPz, ¢
g Ex n-alkane(C,—Cy) & trichloromethan~
sulfonylchloride, CCly & G431 253
Ze AxE 99t} n-Heptane, n-Decane &
element chlorine & 8 < 2313td) ol A & 1°H
[2°H 9 reactivity = #H3}x] @c}s

n-Heptane & CCl;Br (CClyol 28k o+ 3le}
g2l ZFeh oz B E3Ad oA iso-
merization & o+&3% 2} § 1-Bromo-n-hep-
tane 1.9%, 2-Bromo-n-heptane 50.19%, 3-Bro-
mo-n-heptane 33.5%, 4-Bromo-n-heptane 14.

5%cl7, ol A& A ul-g4e] CClLSO,Clah
CCliel 97t n-heptane 8] Q43} whgolld A
A e AR 3 A FARE,

- &l qtof] A element chlorinee]| <J8F s}z}
2A gHras] Gi3)

n-heptane, n-QOctane, n-decane Z} 1mole &
0.2mole 8 Cl, (n-decaneql 7S 0.1mole
Clp) & AH4-3k 20°C oAl A 1 A7t F-<F (n-decane
< BFE 0%) oSt &SN UVE g
A8 ef,

Benzene, CS; 9} 7+& £ ¢kA] element chlo-
rine o 2 G432 YolA AFE halo-
genation agent 8] 2°H o gl &L selectivity
E a9z FHZ A9l 2 Y92 chlorine
atom ¢] 89 2} z-complex & & A 31 chlorine
atom 9] activity 7} 7+&8b7} wiRo) k2

foit &A| 5ol A n-alkane & element chlorine
o2 3% olEHA Qagd °HY ¥
selectivity & ¢ & ybde) AMA —CH, group
2 AZEFL 2F 22RL B 4 Ud,

CCly £91 2 AL8¥w chlorine atom F+= A&
33 go] wARA gokz, 1Mole % I, £-B0]
e CCL &7l Argstq dx3A7Aw
alkane 8] g4 Q28 reactivity = W2 Qe

Table 7. The composition of monochloride isomers gained from chlorination reaction of n-heptane, »-
octane and n-decane under uv irradiation in various solvent

No Alkane S?ﬁg?; % z-Chloro-n-alkene rEESI?:;:;
1- 2— 3- 4— 5— Hprim/Hsec
39 n-Heptane CCly 1 15.8 3.8 33.0 16.2 — 1:3
40 n-Heptane CsHe 1 11.8 34.5 36.5 17.8 - 1:5
41 n~Heptane CeHs 3 4.2 359 42.2 17.8 — 1:14
42 n-Heptane CS, 1 7.2 34.5 39.2 19.0 — 1:8
43 n-Heptane CS; 3 1.9 34.3 4.0 19.9 - 1:31
44 n-Octane CCl, 1 13.4 32.0 28. 0 2.5 - 1:3
45 n-Octane CeHg 1 9.5 31.0 31.7 27.6 —_ 1:5
46 n-Octane CS, 1 7.0 32.0 33.0 28.0 — 1:8
47 n-Decane CCl, 1 11.0 24.0 22.0 21.5 21.5 1:3
43 #-Decane CeHg 1 7.5 21.3 24.0 24.0 23.0 1:5
49 n-Decane CS, 1 5.1 21.7 24.3 24.5 24.¢ 1:7
50 rn-Heptane CCl, 3 14.2 33.4 37.4 15.0 - 1:3
+0.03 Mol I,
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©k, (Table 7 A 50).

Ao gt gl YA AR o
€ ¥4 9459 A3 v =RA 9
g4 oFzke] £ E BA ot

N-chlorosuccinimide o] €3t |43 g
free chlorine & B#A A Jy§o| Lol i}, 2
#H Lol E AL 8ol ¥ wA
T Ae}(Table 8).

CClsSQ,Cl, tert-butythypochloride o] 2|3 4
&3} ik follo] G A gert(Table
8%,

+ Trichloromethan sulfenyl chlorideo] 2%+
st 23 e g4

n-heptane, n-octane, n-decane 2} 1.0mole &
L] 24 =5 R gle] Bz,0; UV irradiation
£ AAA 2 0.1mole 8] CCLSCl 2 ¥hgA

5B MA

A+

o] 4}2-9] reaction mechanism & ©&3 7
o

ClsCSCl-&CClsS'
RH+CClS- ~>R-+CLCSH
R- +Cl;CSCl—>RCI+CCI,CS-
CLCSH 4 CICSCl—>Cl,CSSCCl3+HCl
~ Cl-+RH—>R- +HCI
n-alkane 9] 259 2°H & & selectivity §
= Revt & F79 T4 9455 vl
# A C-2-methylene group 8] TiL¥A+ ClyC-
SClL, PCly 2 4% &g Add A=
2 @& selectivity § 7FA = gl
& 29| kloosterziel® & n-alkane R cyclo hex-
ane cyclopentane, 2, 3-dimethylbutane 2 0°C oj

Table 8. The composition of monchloride isomers gained from chlorination reaction of n~heptane, #-octane
and s-decane in solvent* with various chlorination agent in the presence of peroxide

Chlori- Reaction % z-chloro n-alkane Relative
No  Alkane  Solvent  nation reaction

agent (°C) (1hr) 1- 2— 3—- 4- 5— Hpim/Hsec
51 sn-Heptane CCl; SucNCH 98 2.5 15.4 38.4 3819 14.2 — 1:3
52 n-Heptane Cetlg  SucNCI 88 0.8 13.2 4.7 36.8 15.2 - 1:4
53 na-Heptane CSs SuceNCI 62 24 8.0 3.0 38.2 18.6 — 1:7
54 a-Octane CCl, SueNCl 98 5.5 135 30.7 29.4 26.2 — 1:3
B5 #-Octane Ce¢Hg  SueNCl g8 45 11.0 34.1 29.0 259 — 1:4
56 n-Octane CS, SucNCl 93 24 6.8 3.5 3H5 271 - 1:7
57 n-Decane CCl, SucNCl 98 46 108 232 21.8 2.6 225 1:3
58 m-Decane CeHg  SueNCl 98 5.5 7.8 227 234 230 230 1:4
59 n-Decane CS; SucNCl 98 16 50 22,2 244 246 24.3 1:86
60 n-Heptane CgHs (CH3):COCl 85 1 7.9 43.6 32.3 155 — 1:7
61 n-Heptane CS; (CH3),COCl 62 1 7.8 410 35.3 15.2 -— 1:7
62 5-Octane CeHe {CHj3)3COCl 70 1 7.4 39.5 28.4 24.7 —_ 1:6
63 n-Octane CS, (CHjs)sCOC1 70 1 7.0 40.4 28.0 24.5 —_ 1:7
64 n-Decane Cels (CH;)sCOC! 85 0.7 7.4 27.2 21.6 21.9 21.8 1:5
65 n-Decane CS, {CHy)3COCI 78 1 7.1 28.3 21.3 21.5 214 1:5
66 n-Heptane CéHs CCLSOLCI 88 0.3 1.9 49.5 4.7 13.2 —_ 1:32
67 n-Heptane CS§; CCl3SOL1 76 0.3 1.6 49.0 3.1 W43 -— 1:37
68 »-Octane CeHg CCLSOLIL a3 0.3 1.9 4.6 284 252 @~ 1:27
69 a-Octane CS; CC1sS0,Cl 92 0.4 1.6 43.6 283 255 — 1:32
70 n-Decane CeHs CCI3S0LI 98 0.3 1.5 32.6 22.2 22.0 21.5 1:25
71 n-Decane CS, CClsS0.Cl 98 0.3 1.3 328 221 21.8 220 1:29

* 943 ¥¢2A 1 Mol n-Alkane, 1 Mole Solvent, *0.1 mole chlorination agent, Initiator: 5 Mol Bz,0;.
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Table 9. The composition of monochloride isomers gained from chiorination reaction of n-alkane by

Cl,CSCl.

Reaction % x-Chloro-n~alkane Relative
No Alkane Initiator reactivity

°C)  (hr) 1- 2— 3— 4— 5—  Hprim/Hsec
72 n-Heptane Ay 0 10 2.9 35.2 42.8 19.¢ -~ 1:22
73 n-Heptane hy 98 8 9.1 35.4 38.0 17.3 ~—~ 1:6
74 n-Heptane EC5H5CO) 20, 98 6 8.4 36.1 39.4 16.0 - 1:7

5Mol}
75 n-Octane Ay 0 10 2.5 28.5 36.0 33.0 — 1:20
76 n-Octane kv 20 10 3.4 29.8 36.4 31.0 - 1:14
77 n-Octane Ay 98 8 4.7 31.5 32.8 30.9 - 1:10
78 n-Octane (CeHsCOY:0, 98 6 60 3.0 320 3.0 — 1:8
(5 Mol)
79 n-Decan by 0 10 2.0 21.7 25.4 25.1 25.6 1:19
80 n-Decane Ay 98 8 4.0 23.7 24.6 24.0 23.5 :9
81 #u-Decane (CsHsCO) .0, 98 8 4.5 24.2 24.4 23.4 23.5 v:8
(5 Mol)

82 n-Heptane* (CeHsCO)0, 85 7 6.7 36.4 38.8 17.9 - 1:8
83 n-Octane (CeHsCO)0; 95 7 57 3.4 329 306 — 1:8
84 n-Decane* (CsHsCO);0, 85 7 4.0 22.7 23.9 24.7 24.4 1:9
85 n-Heptane? {CeHsCO) 0, 65 16 5.6 35.2 40.0 19.0 - 1:10
8 #-Octane® (CsHsCO) 0, 78 15 4.2 28.7 H.9 32.0 —_ 1:11
87 n-Decane?* (CeHsCO) 04 78 15 3.2 23.0 25.2 24.2 24.2 1:11
88 n-Octane* (CsHsCO),0, 95 7 5.1 3.8 30.9 29.1 — 1:9

9 Solvent; * Solvent; ¢ Solvent;

A ClLCSCI2 9437w 1°H: 2°H: 3°HY)
A9 A reactivity 7} 1:32:11002 2-& ¥
3t

$2] 8} n-Heptane, n-Octane, zn-Decane oj
o &k Cl,CSCl 9 |48} ubed] A7 Table.
9.6 et ek, Hwe oldezm we o
Exe) QG ko] AFLe A Bl
T Ho} XZo] FEdA & < F A,
o] #%-9] isomerization & Z-vj (benzoyl perox-
ide, UV light)s} 333 7F gl

Benzene, €S, 2& £l isomerization o] %
FE oA, 53 €S, & 2°Ho A o] Bo
Bl ch(Table 9 A 85, 86,87).

*PCls ol 9% stebdiA] eb3bgae] G4

n-heptane, n-octane 7 1.0 mole & Smole
Bz,0, E88tel A 0.1 mole PCl; 2 98°C o)A
9 A 7 g A},

Vol 32, No.4, 1988

Table 10. Data gained from chlorination reaction
of n-alkane, cyclohexane, cyclopentane and 2, 8-
dimthylbutane by Cl;CSCI at 0°C

Hydrocarbon 1°H 2°H 3°H
n-pentane 1 32.2 -
cyclohexane 1 27.3 —_
cyclopentane 1 24.1 —
2, 3-dimethylbutane 1 - 112

o] 489 reaction mechanism -& Table 10 7t}
PCly==PCl+Cl,
Cl;—2Cl-
R+ +PCls—>RCl+. PCl,
RH+ -PCl,—>HPCl,+R-
HPCl,—HCI+PCl,
+PClLi=—=PCl3+Cl-
Cl- +RH-——R-+HCI
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Wyman 3 .9} $5E& S438A gdlsa
9 PCl7 o 93 Q43 g& A3
a#v 2§ PCl & o &3 -el9 d48 4t
£9 A%, F Hol Afe] Bo] A& W&

Table 11. The composition of monochloride isomers
gained from chlorination reaction of s-heptane and
n-octane in the presence of peroxide by PCls

9% z-Chloro-atkane Relative
No Alkane reactivity
1-— 2~ 3— 4— Hprim/Hsec
890 n-Heptane 2.5 36.4 41.56 19.3 1:24
90 n-Octane 1.5 28.4 35.1 350 1:32

YAFA X

- o8] #A chlorination agento]| &3 2, 3-
dimethyl butane 8] &3}

2, 3-Dimethyl butane 1.0mole € 0.1mole 9]
chlorination agent 53 w243t}

o & 7}A] chlorination agentof 2]% 2, 3-dim-
ethyl butane &] 1°H, 3°H) 4% 943 3%
489 @7t Table 1260 Ve gl UV
light & o] £% 33133 element chlorine o] £}
T dase)A A gL 1°H:3°H9|
1:39°] & A%} 2 3-dimethyl-butane
A e PHL & FF9 3°Ho| Hl§

Table 12. The composition of monochloride isomers gained from chlorination reaction of 2,3-dimethyl

butane by various chlorination agent

Chlorination Reaction Solvent % 1— % 2— Relative
No Initiator Chloro 2, 3-dimethyl reactivity
agents °C) (b {Mol) butane Hprim/Htert
91 Cl; Ay 20 1 — 67.6 32.3 1:3
92 Cls Ay 20 1 CCl1 67.8 32.2 1:3
93 Clz Ay 20 1 CeHs 1 40.5 59.4 1:9
L7 Cla hy 20 1 CS;1 2.3 73.7 1:17
85  (CHg)y0OCI Ecm,cm,o, Y 0.75 — 46.3 53.8 1:7
5 Mol)
9% {CHy)COCl kv 64 0.75 - 67.1 32.8 1:3
97  CClySOLH (CeHsCO):0, 64 14 - 1.5 98.5 1:39%
(5 Mol)
98 CCl, ngHsCO)zOg 64 9 —_ 1.7 98.3 1:350
5 Mol)
99  CClgSCI hv 0 9 — 12.0 83.0 1:44
100 CCISCI hy 50 9 _— 22.4 77.6 1:21
; .
: i :
¥ 5 3
! : §.
" A £ i
'5 g 3
w ~ 4
‘:' Zeit (mia) Gl T

Fig. 6. Gas chromatogram of reaction product gained from chlorination reaction of 2, 3-dimethyl butane

by uv irradiation at 20°C.
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47 59 H2A YR AT A wfeas JadgA Yol J4Add BH AF &0

e selectivity & FA 2 A=,

dutH o 2 setdA @sherad] 1°H: 2°H :
FPHY QA& 3ol A A4 w4
1:3:40°]eh, $e]¢] Sl & A48 A4 AF
AL o A5 Lof F AL
AY A} 2

2, 3-dimethyl-butane & terz-butylhypochlori-
de & d43 9 o2 714 $79 hydrogen 9}
selectivity & AFEE Folloll o] e} (Tadle 12
A 95, 96).

walling & Jacknow & 2, 3-dimethyl-butane ]
tert-butylhypochloride o] 2% ¢ 4384 3°H
£ B398 B selectivity & J}A = gz
3P et $e 2 ASE AT F gk
CCLSO.Cl & = #¥z-CClyol HA 2, 3-di-
methylbutane & 3°H =12 54 g},

0~50°C o] A CLCSCle)] 9§ 2, 3-dimethyl-
butane ¢ isomerization & &% 2 oIS
deRE ¢ 4 A

I @

29 AP F4 AF/ WS A w3
Aol AR 2A o] AYe] AL chlo-
rination agent T A A|7}A &2 YETF A

A, §ol7} 2R84 @& element chlorine
o]}, Element chlorine-& radical 3} chlorine
atom Apololl 45 A go] YAY 4 e}, N-ch-
lorosuccinimide = intermediate Q1 free chlorine
o A A3ukgel deldet, Element chlo-
rine, N-chlorosuccinimide o]l 98] A4 434
A= QukA]l 1°H:2°H: 3°H S AH 3 =
S0l &3 Ao| dolytrt, Methylene
group o] £90J8) %= primary C-H bond 4 g2 3
£ reactivity & 7FA 2 Qo = & dF oy
Ag AAxL Jleng g FHAE A
Al wrert, webA 1°H:2°H o) Add wga
& 1:32% s,

E4, tert-butylhypochloride, trichlorometh-
ane sulfonylchloride, CClyo]t}, ©] 5 & o] &3}
2] n-alkane 9 element chlorine o] 23+ 43
3Bt} 2°Ho $44 02 2 §hukgol dojrt tert-

Yol 32, No.4, 1988

butylhypochloride Q1 744 =z u}-&& 1°H : 2°H
o] 1:602 "k, = CCLSO,Clel H$1:33
o2 ®v}l Ewd o|3 chlorination agent £}
532 2°Hdl A Zo] @A Aok, EAY
AFo g BT HF N Hubgo] Fadte 7}
9 Aol & ¥ F glovt 2 AFHE A 9433}
o},

AA, &l (benzene, CS;)& AH23 element
chlorine, CCISCIL, PClso]x}, A #Hur-g-2 gt
3] selective 3pA| 2°Hol] $44oz o] o
we}b, 284 CCLSClIQl F9-1°H: 2°H=1:5,
PClsql 3% 1°H:2°H=1:3022 v}

A48 dFez FRTE Hel 44 A
#go) ¥, ¥A4Y o2 ATS 2°Hes
o] A& ZadA e, w2 FHA group
o] 4331 chlorination agento] 2|3 3}
£ 2°Hd| #4402 A3ukgo] dojrde} &
A2 A eagAel EoldE 449 A
g FEH & A 3go] ASHA dA}A F
Aget, F4 8= (CCl) el A CCISClo) &3t
A2 YL FuA dadRAd e S
294 ¥ A#S WA 45 A4S
A kg 2] CCLEClo) o3 X Fuigoz
HEH]Foh(Table 9, 44 88). z#A 2°Hoj
+AA o2 A fo| Bo| o}, Russell 3 2
9 B85 5489 (CCl) & AH4-3F9 CClS8C1
of 2%k 42323 ghgol FA group s Lol
{benzene) & A}F-£3} element chlorine § ¥ 4%
B ubgdt e 5945 el dAAGE.

o8 7}A] chlorination agent & A-&3s] o
A& o7} kst monochloride isomer mi-
xture &= C-H bond 9] 2] oA} o}7}A
type ] FaHUA, FA}E 2@l free ene-
rgy, AHEEE Bolo S F 3ol o Eghe}ient,

Chlorination agent 9 reactivity 7} 7 59
£ A Bukg9 selectivity = ¥4 s}, o &}
A 79 v Bolde F4a9A49 &
A <ql uh-gu] & halogenation agento] 2% o
2] 7}2] halogen 8] A uk-golA £ At F
I°PH: 2°H:3°H 9 Q4 AfPv=1:3:40°] 2,
A A EL:1.2:1.42 9,
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28} ghale] wkg4do] A9 @l bromine &
1:82:1600 c.2 A &o] =}, Isomerization o]
el o2 7HA type o] C-H bond o] Zel &
#728& radical 9] reactivity 7} 3-&5& 1°H,
2°H,3°H 2] A3 u]go] e}, 220 of&
3 H 949 A2 4% Hrizol
2kt reactivity & JFA 2 1o} o] GA) Lo}
T 7 AoH(Tadle 19 A¥ 4~6, Table3
o] AY 22~25 Table 98} A% 79~80),

o} 37}l 2 UV light, peroxide 722 initiator
8] Mg & 99 relative reactivity o] 3
¥ FA =He}

Element chlorine o] 2%} x| 3412 A A
9 Argo] obFR QFFgE ¥R Geoh(Table 3
A¥ 15, 20).

n-alkane 8} C-2-methylene group @olf £of
€ CH; group& EwW3] electrophilic radical
2 3} & methylene group & EA %A 3
o}, Isomerization -2 inductive effect o] A 4
& vl ulef g13east  gere-butyloxy-
radical, trichloromethyl radical o] 934 24
£ Wb isomerization & inductive effect of
o3t 2A 9FE wvh(Table 3,5,6). Rea-
ctive §] chlorine atom -2 C-2-methylene group
139 dolgly= 2°HSE Ak oW g
ol & FA Fev}(Table 1). 281} element
chlorine () 24 benzene, CS;), CCl, SCl(%
& 2% 20°C), 28]z PCL(CCL £v1glo])o
2% JaX 3 gh-ES n-alkane 9] o} 2°H B
o} C-2-methylene group o} 27t | o] o Hoj
gl o) 2-& chlorine atom o] benzene
£ CS; ¢ complex & ¥ A43}d chlorine atom
AAe)l ztz & electrophilic character & @
2 neucleophilic character & zA] =7 w o)
t}, o) 2§t complex P A& UF 9] polarization
adduct(A)e] e}, CClSCI, PCls & o)9} A s}
Al m-complex & WA E}(B).

\ & 6
l ] 3Gl eCly = (clyp:i—Cl]
& A T

A 3

CCl,, benzene & o] &% chlorine atomof £}
Bl FAA 3 L Rassell F 28] F259 9
X 8 a8 4AEA et} r-alkane &
CCl, £ 3te) A CCLSCl 2 A434A 29 $ 9
295 A z-complex 7} A H o 24 nhg
o] o] o 3-& <A sHR+

22 2 °H &) &8 selectivity & 325 ¢}

C-2-methylene group 9] 407} ot & 2°H
YAt FRASA A Zo} BWe] dojutet,

S & A}F23HA) 59 molecular complex =&
melecular associate S-¢] 2+t] Z1-2] electrophile of
A gdelAA H At

Trichloromethane sulfenyl radical & €%+
complex 342 CCL,SCI A& Fa A o Fof
Ze},

2 8 2 ¥
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