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Kinetics of the Oxidation of Substituted Benzyl Alcohols using
6-Methylquinolinium Dichromate
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2 2F H,0 g0 3}ojlA] 6-methylquinoline I} chromium trioxide?] ¥F-3-& E3}o] 6-m ethquuinolinium dichromate
[(CioHsNH),Cr20/15 #Hg5t0], A A-33=H(R), =2 EEPZUP(ICP) TOR FXE ZRIEGh o7 714
g1 3}of| A 6-methylquinolinium dichromateE ©]-&35}o] W2 24F-& S =A3sH 7337-]- LA (e) Zho] &
S A AIZEIA < SERAEE < oPE < NN-UHEEE OPU]‘: ‘L“H OPoﬂ Al =2 AERESAdE BT A
Z0j(H,S04)E ©]-83F DMF &1 3}ojlA] 6-methylquinolinium dichromat= $Wl1Z 43F-&3} 719 -F%=A|S(p-OCHs,
m-CHs, H, m-OCH3, m-Cl, m-NO,)-& &Aoo ARSI AT 8|3l A7) O5ES w57 Z44s vhdo
AXFN XS &S F7HIH T ES Hammett ¥-3-/d<~(p) Z1-2 -0.67(303K) o]¢itt. T1=|E&E 2 A3
Al GREY] AR T SAAGA A 4t Hol7h doju= HFFUEUE & & Utk

Abstract 6-Methylquinolinium dichromate[(CioHoNH),Cr,O;] was synthesized by the reaction of 6-methylquinoline
with chromium trioxide in H,O, and characterized by IR, ICP. The oxidation of benzyl alcohol using
6-methylquinolinium dichromate in various solvents showed that the reactivity increased with the increase of the
dielectric constant(e), in the order: cyclohexene < chloroform < acetone < N,N- dimethylformamide. In the
presence of hydrochloric acid(H,SO4 solution), 6-methylquinolinium dichromate oxidized benzyl alcohol and its
derivatives(p-OCHs;, m-CH;, H, m-OCH;, m-Cl, m-NO,) smoothly in DMF. Electron-donating substituents
accelerated the reaction, whereas electron acceptor groups retarded the reaction. The Hammett reaction constant(p)
was -0.67(303K). The observed experimental data was used to rationalize the hydride ion transfer in the
rate-determining step.

Key words : Substituted benzyl alcohol, Hammett reaction constant(p), Hydride ion transfer, Rate-determining step
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hydroxy group(benzylic, allylic, primary, secondary)o] &
At ke W, 54 hydoxy growpihg AlEHo
carbonyl compound® 3R] 7|= AlSHA e} 10 w2
H7iYE Frgol BastA =l
Mill-& chromic acidE ©|-&3}4] benzaldehyde”} 7}2
Bt R AsEe] 458 AFSUI, BaneriE-S
reagent)o]] 2|3t
Glycollic, Lactic ¥ a-Hydro- xybutyric acide'5-2] AF3}o]
Ue SEE AT, Banerii 5 el ERjelo]
A ol EALE E3}-guljof| 4] ethyl chlorocarbamateS O]
Boto] Wid GAEF AlSto] gk WS EEA A
TH1-2]. Mahantis-2 quinolinium dichromate
o] g3to] Mld AdFERE ABHIGAIA e = F

7HA Wg7 =] w7k S(Scheme 1, 1) AASFRT:

pyridinium chlorochromate (Corey's
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R—C—H + o=qoaH RCHOH + (HOLCrOT G H"
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RCHOH ——= RCHO + H

Scheme |
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Of CH
\_j Scheme I

H AFoA= Cr(VDA YL 6-methyl quinoli- nium
dichromate[(C1oHoNH).Cr,07]5 gHd3te] & A3y
EUR), fAEH FoE 728 SRlsit Eat
6-methylquinolinium dichromate®] %= W3l u}= H
A d3Z0 ASEAE 2AREAL o ZHA] S
3o A 6-methylquino- linium dichromateS o83+ Hl2
Umgol skt de Asidch delm 4 Ev)
(H2S04) A 3lol|A] 2= H3}o]| u}Z 6-methylquinolinium
dichromateE o]-gsto] Wd diZy} 19 {FEAE
(p-OCH3, m-CH3, H, m-OCH;, m-Cl, m-NO,)2] AFshik-$-
S2 AE Foto] Qs AR, AST, AGT)T
Agt7] avto] uhE Hammett BH3-d=(p) gk SolAl A
sk Bl vhEe nasiac
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2.1 Alet % 244717]

Al8o]| ALE3SF  6-methylquinoline FAk, AMAISIIE,
Z)%} W2l &7-LF(p-OCH;, m-CH3, H, m-OCHs, m-Cl,
m-NO), YH|3]EF, NN-t|t|g 2501 E(DMF) 52
Aldrich Chem. Co. @] HPLC grade A& AR&3}Sith
Cr AL ICP-IRIS(Thermo Jarrell Ash, USA)S Al83
3, C, H, N, O 3}2F2 Elemental anlysis (Vario EL:
Germany), FT-IR =% 2 ATI-Mattson: Flow rate: No&
(7mL/min)Research Series2 =43}t S4x =HLS
UV-Visible spectropho-tometer(Hewlett Packard UV-8452A)
= absorpti- on band(Amwx) 455nmoj|A &7 3}t GC-
FID(Varian 3400)Z7-& capillary column: DB- 5(30mx
0.253mm), DB-WAX(30mx0.253mm), DB- 1 (30mx0.253mm),
carrier gas=+= No & ARESHo] S43H3ITh

2.2 6—methylquinolinium dichromate
[(C1oHoNH)2Cr207] £

H,0 &) 3}o| A chromium trioxide 5.00x10” moleS
50l oy ice bathoA] 5T oldkE  [A|SHHA
6-methylquinoline 5.00x10”mole & AA]3] 7}5}HA] 1L
HAIA, AE AAS EolAl AEARE & dAlAlolH
oAl &3] UEAA FHILA(69%)E LATHT-8]
m.p. : 159-161C

2.3 6—methylquinolinium dichromate?| =
= HElo M2 WA ATFZo| M3 HIS

6-methylquinolinium dichromate 5.00x10”mole, 1.00x
10”mole, 1.50x10”mole, 2.00x107 mole, 2.50x10”mole
7}7kg Wl A58 1.00% 107 molet 420 4] DMF -
o smLofl RESAIRTE &7 dATE Y o
RS WeER Ao slo] Gez BAskT s
= w227 vwste] 582 FohTHO-12, 141

Column: DB-5(30mx0.253 mm),

DB-WAX(30mx0.253mm), DB-1(30mx0.253mm)

Temp: 40°C-80°C, 10°C/min(FID)

Flow rate: Nj(7mL/min)

2.4 o2 7tx| 2o StollA 6—methylquino—
linium dichromateE 0|38t HIZ ¢43F
29| AEHHHE

6-methylquinolinium dichromate 2.00x10”mole¥} 12l

3L 1.00x10°mole F3lo] AgoA AZZEAl,
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14T 94, Afishebe, SRR EE, P2R2ue, oy

£ NN-TJu]e ZEoju)= 50| §u smLoj 72t wke
AT 20 SRRV DR e ) A W
2 AZEo.R dho] GO AL AHs|E Ha B

v @ate] 2288 JLEFGITH[9-12,14].

Column: DB-5(30mx0.253 mm),
DB-WAX(30mx0.253mm), DB-1(30mx0.253mm)
Temp: 40°C-80°C, 10°C/min(FID)

Flow rate: N(7mL/min)

25 —’—7‘.— H Zx stolM 2=Hsto mE
ethylquinolinium dichromateE 0|
X HE AIZFO| MIHISET

mmmm
N 0X o 3

it ] 4 Sl A8l W el
= 7,‘_]63 Al ZcE HA 6—methyl—qumolinium dichromate
5.00x10”moleo] 3% DMF £uf SmL3}o]A] 2= 3}
(303K, 308K, 313K)0]l me} 2|3k 2 ok51-8-F(p-OCH,,
m-CHs, H, m-OCHs, m-Cl, m-NO,) Z+z+S- 5.00x10mole
Hreh &, o] AR A S|S0 FE7} 5.00x
10%mole B 41431 73k, Algho] weh Zhash
B WEE SPskn B S AES 1Y
max 455nm)of| A AASRA|7} gt = RS gsiich 1
25 Ak ghe AlZlel nje
dichromate] = EA|5F0] GL3}gIc) o] Al FlogH
B ddstd @43} mielmE(AHT, AST, AGT)9}
Hammett HF-8-4F2(p) 2HS AALalelct. [9-13, 15-16].

log[6-methylquinolinium

2.6 243t ni2tolEf ALt

E

Arrhenius 4] k = A - e 7ﬁ0ﬂ A2
25k Tre 3t P,

Ink = —LL-F In A Q)
RT

A ()o.22E 1Tl ti3) In k2 EAEHE 1 7187
23] B45} o UX) EaZ 73 4= 9lth. 13 4t
qgwiol 45} dEmas glejo] £ e T} TelA
o Eyring £24] (29 4] (3)& obefe} o] thepdl 4
QT 17-21].

——i ¢ e T )

KT, =5~ -4
kjo—q e & e U ®)

o]7] A} K= Boltzmann A4}5>0]31, h= Plank AF<o|th
A )¢k 4 3y Agem &Y

RT T ; k .T .
A *: 1— ] 1— 1 4
H Tj_TilnkiTj “
ki
*+ __ R Tl) _ L
AS T = Ti_Tlln K\ T Rln( h
(Tj)
(5)

AL @FF A(5)olA AH™ 9} ASTE FEklen, g5t
ARAAE Tha 3t Zol gelsh

AGT= AH *— T AS”* (6)

o w T T} Tio] Bargtole.

2.7 Hammett Ht3&4= 74t
o m- 9 p-X|3H WA SEAE ] thekal vheo 2]
AA 7 AHEo] gk o]—Hﬂ-E MEe v, M2
= e fol= A= 58 & %h gt A
2l A Ale] D asiet ofof thgt s A2
}oq AA =QdcH17-21]. AAE Hammett AL
].o:] 2 o], ojE3st X7 thaiA Y log kx/kn GE
7] Ao R FYEH, 9714 ke WAL TS
SHAjof gt SHmAkolm, ke WAYIEo] gt
/\]—/\0]1:]- whzha] Hammett HHSA0)E 2] (7)9}
] (§)&o] g 4= Qlrk

R

O_lo

2 J% 2 on F_u
ol

Okﬂ
_ _ o

o JI—} L o

log kx/kH:D * 0x (7)

lOg kx/kH (8)

p= Ox

3. Zm ¥ nH
3.1 2,4'-Bipyridinium dichromate
[(C10HgN2H).Cro07] 8ol CHst &t
6-methylquinolinium dichromate[(C1oHyNH),Cr, O7]2]
&I]Q]/‘\j i\-XE]‘EE-‘(FIg ])% —T—,';—é]— EHE%; Vasym(cr'o)’g_
960cm”, 940cm™ E-Lo| A, vym (Cr- 0)2 880 cn o]
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A, V(Cr-0-Cr)2 760cm™, 750cm™ T oAl &= peak
UERgom, v(N-H)S 3450 on’ FZof|A, v(C-H)}S
3050cm 2ol A F4= peak 7F LEREOD, v(C=C)&
1650cm”, v(N-H) band &= 1540cm”, v(C-H) band: 1400
am’!, v(C- N)2 1200cm™ 2ol A F<= peak7} LpeRGTH
[7-8]. (Table 1, 2)
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(IR)[(C10H8N2H)2Cr207]

[Fig. 1] IR spectrum of 6-methylquinolinium dichromate
[(CI0H8N2H)2Cr207]

Transmittance (%)
=

(£ 1] 6-ME A=At ARHo|EL ks
[Table 1] Element analysis of 6-methylquin-olinium

dichromate
Element
Compound C H N 0 Cr
(47.63)| (3.99) | (5.55) [(21.73)|(21.10)

% % % % %

(C10HsN:H),Cr,O7 | 47.28 | 3.94 5.48 22.4 | 20.90

[ 2] e-HdFsdlariazno|Eg o4 AdEY
(R),
[Table 2] IR spectrum of 6-methylquinolinium dichromate

Wavenumber (cm™)

Compound s . v
p Vasym. | Vsym. (Cr-0- 4 v
(Cr-0) |(Cr-0) ) (N-H) | (C-H)

(C10HsN>H)>Cr,07 | 960,940 | 880 |760,750| 3450 | 3050

3.2 6—methylquinolinium dichromate?| &
= HElo M2 WA AT OMSIHS
Aepkg-ollA AZte] wE AFSEA(6-methylqu-inolinium
dichromate)@} W& 43159 22 9] FLH|E F317] 9
alod, Wl AT 1.00x10°mo- le o] thal] 6-methylquinolinium

dichromate®] ¢} & W3}A|7]HA DMF {uj] s}of|A 2t
2} MRS AIA ASPILSS 243 AT}, 6-methylquinolin-
ium dichromate 5.00x10°mole?] w] W& ¢F-Lof )<
Bl w23 =] Hf 4280] 41% %L, 1.00x10”mole
A 71%, 1.50x10”mole 1w 83%, 2.00x10 mole]
93%, 2.50X10'2m01e%_1 o] 93%E z}zF UeRgich o] 2
7L 2A7F O] SR E = =& Fro] 4TS Hoth A¥
A} AFSHA|(6-methylquinolinium dichromate)@} W2 <F
&Y Ferl= 21 4 o 7P 2 2ES
AR A7 TR 2AI ol FAES & 5 %

=

3.3 o{z] 7Ix| 20§ StHIM 6—methylquino
—linium dichromateE 0|&2%t HIZ 2437
29| AEHEE

AEZEA, 14-T54h AHstea, S2232E, UF

2Z2ugh, obA|E, NN-tWezZoln s, 59 g st
oA 6-methylquinolinium dichromateE ©]-83}o] ]
SHLEE 27 ASEG AlA, dHlslE9] ¢85 GCE
X899t} 6-methylquin-olinium dichromate?] -&3f%=
HolA 140948 AZRH 52 gaE4 ok,
SRERILE, oM|E, UEIEEMeR2 d77} g9l
NN-tHdxFotn|E 52 HE 8af=|9t}. E3, 2t
|50 A=A ZHEW) % Aol AYJRE) ghsol 5
7 @ 0] S7KEHE Bt Table 304] Bzo]
FAE(e) #hol & &l Al AERTAH < SRR
5 < °MIE < NN-tr|dxFotn| = &nff sloflA] &
S-S BTt

U > o ow

i

™

[E 3] of=] 7k4] &) stollA 6-mEFsdE taEH 0]
EE o] 83 WA I3 Akshks Axl a9k
[Table 3] Summarized results of oxidation of benzyl
alcohol using 6-methylquin-olinium dichromate
in various solv-ents”

Yield of
by %t benza-
Solvents (°g)"> 25°C | 1dehyde | "

(%)°
cyclohexene 825 2.22 31 15
1,4-dioxane 101.3 2.21 33 1.9
carbontetrachloride 76.8 2.24 54 1.5
chloroform 61.2 4.81 82 2.0
dichloromethane 39.8 8.93 84 22
acetone 56.3 20.70 88 1.5
N,N’-dimethylform- | 152.3 | 37.00 93 2.0

amide
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a) Benzyl alcohol (1.00x10”mole) and 6-methyl-quinolinium
dichromate(2.00x10mole) were combined in various
solvents and then the mixtures were stirred at room
temperature. b) Boiling point at 760 torr.

c) Dielectric constant. d) Yields were caculated on the
basis of GC data.

3.4 & =0 EX{ StollM 2=Hstol ME
6—methylquinolinium dichromateE O]
¢t xg WA A=]o| A HIZ K&

S

I

DMF -&uf] 3}o]|A 6-methylquinolinium dichromateS-
olgale] 23k wlF LdFLFE 2EHIK303K, 308K,
313K)0] mak AKH,S0) ZulE H7lsto] 2tz whg Al
SEASM0E THHCh of SEAK) GORYE AH
“,AST, AG” Zrat 23] &yto] W2 Hammett HHS-
A0) B ARSI,

6-methylquinolinium dichromate& ©|-83t |3} 2
%}iﬂeq A}Q]—HPQ &8 =25t A} Table 404 &

WS e S5k SR wek 57ke19)
& A Tk Alg st o

z|8k7 ] o] Xix}— = 2]3}7] p-OCH;, m-CH; ©f A
HHe-&=da ghol 57}0}0“’% Table 504 AH™ 7}
o 32, AS™7} HliA 2 o] Zhe e AeE w
of, AHEg- oA HAE = 2|7 A& B
FEETE Holdeiel &3 2HEolA o HyahES
ApEIC), 23 AG” 7} AR o) TS LEhd Ao
2 Ho}, BE vhgof 4shE 349 vzt Eo] 22
A2

|

|

-

85t Hammett =A| 2R E JL8F HES-AF
(o) & 123 E , Table 504 Ltebdl Hle} Zo]
(o) w2 -0.67=2 UEhdTh 3o
Hammett ¥-3-<(p) o2 Hol 2 A4 9 kg2
Aol defoll A ¥-g54 9 shdo] ¥k A Han
A = oS 7H A& diErt

waE EHo)A Mahanti5[3-410] A4S F w7k
& % Scheme 119} Z-2 E2 AAYS H7}UE K=
Scheme 19] ¥h-g- H7lE o2 zl8d Ao oifdct
I3 T2 Scheme 194 3 HA] THA|Q] RC'HOHY} A
e ge] Ho] Al Fael whgEHel HhadA)
= S 7}11 F+2=, B AF A Scheme 1112} 2
WppZo R A9E o diEch 18T wheEA
o & & 7%1% Ao] Al -2 /401 2 8iA
oflAl gusto] o7t A O] el Fx9 QHF3}F mte] 9
A g3} U7 AR ER T 22 AR

Hammett YA

oA 4= ek
oA I} e IFEFHE]  6-methylquinolinium

dichromateS  ©|-83t ¢FL9] AksiHkS o7}
Scheme 1119} ZFo] RC'HOH Z7H7} A &= oAl7}
HREEE AATAR] F &A vk vrtUEe R 313
O

Q>
CH, ~
2
. |Cr,0;
Nk
H !
R—C—H + 0= —00H —» | B—CHo 0 G0 QH | —
| AN \
or o

+ -
RCHOH+ (HOJ,Cro0 Q. H

Scheme Il

[# 4] AHH:S04] Zrl| &4 slollA 6
o] ES o] &3k 2% wid &
S A
[Table 4] Rate constants for the oxidation of substituted
benzyl alcohols®) using 6-methylquinolinium
dichromate”) in the presenceof acid[H2SO4]%)

LU e
SEX EpTL

Substituents Rate constant 105k(s'])
303K 308K 313K

p-OCHj3 5.79 7.10 9.28
m-CHj; 5.53 6.82 9.09

H 4.09 5.21 6.08
m-OCHj; 3.39 4.39 6.02
m-Cl 2.24 3.00 4.28
m-NO, 1.27 1.81 2.48

)5.00x10mole. b)5.00x10”mole. ¢)5.00x10mole.

[E 5] & 59 X3 94 m.850) 415} S48} wrefoe]
[Table 5] Activation parameters for the oxi-dation of
substituted benzyl alcoh- ols in Table 5

Substituents AH” as” AG”
(KJmol™)  (mol’K™")  (KJmol™)

33.6 -109 69.1

g%‘;{m 369 -103 70.3

'H ? 28.8 -129 70.9

m-OCH. 40.8 98 715

;’If;(]) 46.9 -82 722

? 4738 81 734
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6-methylquinolinium dichromateE §HAdste] I+ &
glol5} 4t S 6-methylquinolinium dichromate] &&=
Wete] THE W se] A MSAS A SR
ofe] 7] ol sol WA Qg Alst kg AIS A}
stk 123 Ab Sl 24 S|4 EHSlel| w2

6-methylquinolinium dichromateS ©]-83F |3} W2 <

FLHO AgHES &£x =3 AL skt
ol 2o ARelA et Be ABS A
1) 6-methylquinolinium dichromate®@} #l2l &5-8-9]

whgolA] HAe FEHl 219 T b S 4
FOWE AT, WS AR 241Z10IA B2
2 o 4 Qe
ofe] 74 Gof solx] WA L) AlShS-2
23 AT SR ol 2 Gl £A2 A
24 < FEREF < oMIE < NN-tu|g
ofl= gof slolA E& AMISAHE Br,
3) Al Sl A stollA] 2=rste] whE ) wiE
FELFO AT £ 52 =43} 75-1—]-AH 7} ek
S, AS”7F 29 ZFS, Hammett¥H-S-A14(p) ZF
-0.672 ERGTH
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