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Abstract  2,2'-Bipyridinium chlorochromate[C;oHsN>HCrO3;Cl] was synthesized by the reaction of 2,2'- bipyridine
with chromium(VI) trioxide in 6M HCI. The structure was characterized by IR and ICP analysis. The oxidation
of benzyl alcohol using 2,2'-bipyridinium chlorochromate in various solvents showed that the reactivity increased
with the increase in the order of the dielectric constant(e¢), in the order: cyclohexene< chloroform <acetone
<N,N'-dimethylformamide. In the presence of hydrochloric acid(HCIl solution), 2,2'- bipyridinium chlorochromate
effectively oxidized benzyl alcohols and its derivatives(p-CHs, H, m-Br, m-NOz) in N,N'-dimethylformamide.
Electron-donating substituents accelerated the reaction, whereas electron acceptor groups retarded the reaction. The
Hammett reaction constant(p) was -0.64(303K). The oxidation reactivity of alcohols can be a useful factor to study
about physical properties such as thermal stability, when the polysilsesquioxane solution is ready for an applying
coating agent. The observed experimental data was used to rationalized the hydride ion transfer in the
rate-determining step.
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[Fig. 1] Mechanism of the oxidation of substit-uted benzyl
alcohols by quinolinium dichromate
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[Fig. 2] 2,2>-bipyridinium chlorochromate [CioHsNoHCrO:Cl]
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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: Ny(7mL/min)
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Temp: 40°C-80°C, 10°C/min(FID)

Flow rate: Nx(7mL/min)
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[Table 1] Elemental analysis of 2,2’-bip- yridinium

2of 3t L& Azolt) ulEbA] Hammett HHEAM(p)S chlorochromate
AL (D 4] (8)Fo] Aot 4= it Complex Elemental
C H N (0} Cr
Calculated
log kx/ki=p * Ox ) 40.91)| (3.08)| (9.57)|(16.41)|(17.94)
CmHgNzHCI‘O}Cl % % % % %
Found
o log kx/ku ® C1eHsN,HCrOKCl 4090 | 3.18 9.49 | 16.24 | 17.50
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[Fig. 4] Oxidation of benzyl alcohol by 2,2’-bipyridinium
chlorochromate
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[Table 2] Summarized results of oxidation of benzyl

alcohol using 2,2’-bipyri- dinjum chlorochromate
in various solvents”

bp at Yield of
Solvents o b) o benza- ldehyde | h
[©) 25°C a4
(%)
cyclohexene 82.5 222 31 1.5
1,4-dioxane 101.3 2.21 35 1.7
carbontetrachloride | 76.8 2.24 56 1.7
chloroform 61.2 4.81 84 2.0
dichloromethane 39.8 8.93 85 2.0
acetone 56.3 20.70 87 1.7
N,N’-dimethylform-| 152.3 | 37.00 92 2.0
amide

a) Benzyl alcohol (1.00><10'2mole) and 2,2’-bipyridinium
chlorochromate (2,00><1072mole) were combined in
various solvents and then the mixtures were stirred at
room tempera- ture.

b) Boiling point at 760 torr.

¢) Dielectric constant.

d) Yields were calculated on the basis of GC data.
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308K, 313K)0] whet 217t uhgAlA SEAeE 7ok
3, A WA SEgRe] FES sk ) ula
of WFo g Fsto] [FAMAAL Hhg-o = ZFPAIFIT o]
SEARK) G REE Fosha g8t ukEbn|E(AH,
AS”, AGT)gka} X|3k7] bl w2 Hammett HHSAR:
(p) ¥ Arstact

3 33 3F 404 UEhd Bk} o] 4 ZHjE {7
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Ae AAE F= A7) p-CH; oA k glo] S7FsH
ch. E3F AHT 7} 9Fe] ghE, AST7F &) b YEhd A
o2 Hop, Ashkg oA HAE = A717F 9l
& 7%, HhEHTE Mol el &t AEolA o oF
o = AT 283 AGT 7 A ¥

2 Hof, WE ghgof ASRkg 749 w7t
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[ 3] 4HHCI] Zuf 7 stolA 4,4-H|T2|dE T3 =
Ho|EE o]g3t X3 WA dAE&Fo ASRES
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[Table 3] Rate constants for the oxidation of substituted

[E 6] & 59| X3k WA Y=EFO| A3 BT sfetole]
[Table 6] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 5

= = =

AH AS AG

Substituents 4 o 4
(KJmol™) (mol ' K™) (KJmol")

benzyl alcohols” using  2,2’-bipyridinium
chlorochromate® in the presence of acid[HCl]c)
. 10°k(sec™)
Substituents
303K 308K 313K
p-CHs 5.90 7.21 8.42
H 4.49 4.89 6.31
m-Br 2.48 3.11 4.12
m-NO, 1.91 2.40 2.94

)1.00x10 " mole. b)1.00x10>mole. ¢)5.00%10 mole.

[E 4] % 49] 25t 94 om&Re) A5} B45} shefole)
[Table 4] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 3

p-CH3 18.40 -260 102.240
H 17.70 -254 103.085
m-Br 20.15 -243 103.512
m-NO; 22.20 -214 104.140
g E 73 E oA AF 2= ArskA] & A

o] SRS 9l A2, p-CHs 9} meBr mNozow K
Brol Asle) s} W o} 27 2ol7} ¢}

2 ol AsA] BE} ABES: 450 7o) Oﬂfa 2
nlAA] e Ao AzkE,

[& 7] 4405 2)els OAR0o|SS ol ga
AREHO] ARG SE AR
[Table 7] Rate constants for the oxidation of substituted
alcohols”

Agk Hd

) AH™ AS™ AG™

Substituents 4 ) 4

(KJmol™) (Jmol K7)  (KJmol")

p-CH3 28.10 -243 101.050

H 32.12 -231 102.280

m-Br 36.13 -221 103.520

m-NO, 41.10 -207 104.670
E3 ¥ 59} I 604 A ZE HULeHA] L A

A SIS 7S e} Bl p-CH; oA k gho l

A5k,
=

7] ;q._ H]—.‘:_

2)3+7] m-Br, m-NO,o| A k 3F

o) 23 78 AR moh SEAYAA 4 2o

-2 st

o] EA7F Fuff Agog Ak £=5
4 RAog AzbEt

_l

[E 5] 44-H]92|dw HaRHo|ES o]§3t g
o]—:;v_Q_E_J A]»g].l:l}

SE 4

A 7=

A

benzyl using  2,2’-bipyridinium
chlorochromate”
. lOSk(sec’l)
Substituents
303K 308K 313K
p-CH3 421 4.48 5.15
H 3.62 4.15 4.90
m-Br 2.96 3.20 4.834
m-NO, 2.73 2.89 3.89

a)1.00x 10" mole. b)3.00x10”mole.

[® 8] &

69) A3 WA Tl 415k 48wl

[Table 8] Activation parameters for the oxidation of

substituted benzyl alcohols in Table 7

[Table 5] Rate constants for the oxidation of substituted _ _ _
benzyl alcohols” using  2,2’-bipyridinium Substituents AH s AG
chlorochromate® (KJmol™) (Jmol'K™")  (KJmol™)

Substituents 10%(sec™) p-CH; 19.96 239 102.240
303K 308K 313K H 22.89 253 103.456
p-CH, 412 431 520 m-Br 24.09 220 103.642
H 359 494 455 m-NO, 2539 224 104.279
m-Br 291 3.40 4.10
m-NO; 2.71 2.50 3.41
4 25 0|83 Hammett =A|ZHE 723 9hEAf
a)1.00x10 " mole. b)1.00x10”mole. 25p) ZHe 1A Bwl, 19 oA Lhebd AT} 2] A
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log(k/ko)
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[Fig. 5] The Hammett polt for the oxidation of substituted
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[Fig. 6] The Hammett polt for the oxidation of substituted
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at 303K
a)1.00x10'mole. b)1.00x10”mole.

A EThES HARE A9 2o ogle] FURE S
UG A BAo] ALBRILS TACNA] Ak S EA ol A
AT} B Q3 ABVDO] Fol 2L PPEHAA
F e 597 gelth ojefat Avke X|ghe Al

A ARERol wet k gre] Holrk AY O Qlste] ok

% A EONE WS ek Ak
Ae] SES el S pghe 0322 ekt A o
H7VBHA] QT AV Bk e A9k Aol ¢
A9 o] o)Esh ehes

Aoz 2o Fhe| Hammett WHS-4<(p) gro=

o} 2 Aol ] whg- Mool wreE4le) o)
Ao whg-go| 27| auAY B AL 7hd A

o ot aejme 1y 7oA el Azt ol
A WA @72l RCHOHZF FAE1E w9 oA
F0) WAl BANATE 2 ek 7 el
WrpZoR NE Ao o). Ea Aol 7
Z2E F40] & &l AolA =2 AR-SAdE Uehd
AAr A ATE ek 2 4 Aok el w4l
& 7Hl= Aol e 2 =440l & 8 Aol
A gustel o3t Holel 2| ebgst Fpo] o)
A GBI A7E FaEEE o S AN RS
Mol Fow oEn. ojym ge wawry
2,2"-bipyridinium chlorochromate S ©]-&3F &47-2-9] A3}
BhS w7 &2 17 73} o] RC'HOH F3H17} &
= TATE vREE AR TEA Q] Bk w7l Ee R
=g

o5

¢

g
—

:
22-BPCC—= \ y: \+ / ClcrQ,
N N
H
H o~ T
! : + + + +
R—C—H + 022-BPCC.H —|R—C*e-eHe e 0“4‘/C\(\*02,2'-BPCC H | —
(‘)H G ‘OH (R

RC*HOH + (H0),Cr002,2'-BPCC.H"

(38 7] 22-|mj2jes 2ReamsolEd] ofs W2
A gsol Aolehg b

[Fig. 7] Mechanism of the oxidation of substituted benzyl
alcohols by 2,2’-bipyridinium chlorochromate

4. 2 E

2,2"-bipyridinium chlorochromateE $}4J5}o] Alshil-g-
of H% 271 & 37 9efel of2l A Bl Sl
2,2-bipyridinium chlorochromate®] %% ¥H3lo] w2

3258



2,2'-Bipyridinium Chlorochromateo]] 2]gt 2|3} il

1
o
©
N
o
i
Lo
>
>

WPk Wizt E] et A

Agmee] Ashigde 24 stgrh adam
2,2'-bipyridinium chlorochro- mateZ ©]-83}o] x]3} W&
u

o3 2RO ARG S 5 UBE Foto] ks

1) 2,2-bipyridinium chlorochromate®} W2 <5-2-9]
WGl HHe] SEul 21 o o) b $E 4
E(92%)yS AL, TS AT 24171 2
& o & g

2) o7 7}A] gf SpoflA Wld L&) A2
23 A3} A4 glo] 2 Bu) M A2
<22 2 3 B<ol M ENN-T] = E Zoju| =
Lol A =2 AEHRSA & Hch

3) X% Wi S gFol AR

o
ofN
i

Hel Byst ABAA o AHEL & -
o TEl3 AGT7E AR POl ke ek Ao
2 Mol WE WIolA 43k whg 3y vk
Zol ge HEYS U & Udrk

-0.64(303K)& UFERTh

2 30

o7} ol WZHIZEYS & 4 AUk

References

[1] K. K. Banerji, “Kinetic Study of the Oxidation of
Substituted Benzyl Alcohols by Ethyl Chloro-chromate”,
Bull. Chem. Soc. Japan, 61, 5, pp.1767-1771, 1988.

[2] J. F. Kuo,
Triisooctylamine in Organic Solvents”, Bull. Chem.
Soc. Japan, 64, 10, pp. 3059-3062, 1991.

[3] M. K. Mahanti, D. Dey, “Kinetics of Oxid-ation of
Substituted Benzyl Alcohols by Quin-olinium Dichromate”,
J. Org. Chem., 55, 23, pp.5848-5850, 1990.

[4] M. K. Mahanti, “Kinetics of Oxidation of Nitro-toluenes

Bull. Korean Chem.

“Chromium(VI) Complexation with

by Acidic Hexacyanoferrate(I1I)”,
Soc., 4, 3, pp. 120-123, 1983.
[5] G. P. Panigrahi, “Michaelis-Menten Behaviour in the
Oxidation of Benzaldehydes by Pyridinium Chlorochromate”,
Bull. Korean Chem. Soc., 13, 5, pp. 547-550, 1992.
[6] M. K. Mahanti, B. Kuotsu, E. Tiewsoh, “Quino-linium
Dichromate Oxidation of Diols: A Kineti-cs Study” , J.

3259

Org. Chem., 61, 25, pp. 8875-8877, 1996.

[7]1 H. B. Davis, R. M. Sheets, W.W. Pandler, “High Valent
Chromium Heterocyclic Complexes-11: New Selective
and Mild Oxidants”,
2029-2035, 1984.

[8] M. R. Pressprich, R, D. Willett, H. B. Davis,

“Peparation and Crystal Structure of Dipyrazin-ium

Heterocyc-les, 22, 9, pp.

Trichromate and Bond Length Correlation for Chromate
Anions of the Form Crn03n+|2"’, Inorg. Chem., 27, 2,
pp. 260-264 , 1988.

[9]1 M. H. Cho, J. H. Kim, H. B. Park, “Kinetic St- udy of
Macrocyclic Ligand-Metal Ion Compl-exes”, J. Korean
Chem. Soc., 33, 4, pp. 366-370, 1989.

[10] G. D. Yadav, “Mechanistic and Kinetic Investi-gation
of Liquid-Liquid Phase Transfer Catalyz-ed Oxidation
of Benzyl Chloride to Benzald-ehyde”, J. Phys Chem.,
101, 1, pp. 36-48, 1997.

[11] M. K. Mahanti, “Kinetics and Mechanism of the
Oxidative Cleavage of Unsaturated Acids by Quinolinium
Dichromate”, Bull. Chem. Soc. Japan, 67, 8, pp.
2320-2322, 1994.

[12] M. K. Mabhanti, “Quinolinium Dichromate Oxida-tions
Kinetics and Mechanism of the Oxidative Cleavage of
Styrenes”, J. Org. Chem., 58, 18, pp. 4925-4928, 1993.

[13] I. S. Koo, J. S. Kim, S. K. An, “Kinetic Studies on
Solvolyses of Subsitituted Cinnamoyl Chlorides in
Alcohol-Water Mixture” , J. Korean Chem. Soc., 43, 5,
pp. 527-534, 1999.

[14] R. Tayebee, “Simple Heteropoly Acids as Water
Tolerant Catalysts in the Oxidation of Alcohols with
34% Hydrogen Peroxide, A Mechanistic Approach” , J.
Korean Chem. Soc., 52, 1, pp. 23-29, 2008.

[15] R. Y. Sung, H. Choi, I. S. Koo, “Kinetic Studies on
the Nucleophilic Substittution
4-X-Subsitituted-2,6-dinitrochlorobenzene with Pyridines
in MeOH-MeCN Mixtures” , Bull. Korean Chem. Soc.,
30, 7, pp. 1579-1582, 1988.

[16] Y. S. Kim, H. Choi, L

Mechanism of Nucleophilic Substittution Rea- ction of

Reaction of

S. Koo, “Kinetics and

4-Subsitituted-2,6-dinitrochlorobenzene with Benzylamines
in MeOH-MeCN Mixtures”, Bull. Korean Chem. Soc.,
31, 11, pp. 3279-3282, 2010.

[17] M. H. Cho, J. H. Kim, and H. B. Park, “Kine- tic
Study of Macrocyclic Ligand-Metal Ion Complexes”, J.
Korean Chem. Soc., 33, pp.366-371, 1989.

[18] G. D. Yadav, “Mechanistic and Kinetic Investi-gation
of Liquid-Liquid Phase Transfer Cata-lyzed Oxidation
of Benzyl Chloride to Benz-aldehyde”, J. Phys. Chem.,



AL ot B A3 ATE, 2012

101, pp. 36-40, 1997.

[19] M. K. Mahanti, “Kinetics and Mechanism of the
Oxidative Cleavage of Unsaturated Acids by
Qu-inolinium Dichromate”, Bull. Chem. Soc. Japan., 67,
pp. 2320-2324, 1994,

[20] D. Richard and Gilliom, Physical OrganicChemi-stry” ,
pp. 169-180, 1992.

[21] M. K. Mahanti, “Quinolinium Dichromate Oxid-ations
Kinetics and Mechanism of the Oxidative Cleavage of
Styrenes”, J. Org. Chem., 58, pp.4925-4928, 1993.

2l A Al(Young-Sik Kim) ESke)

. 19799 29 : FuoelE ekl
S ESIE AP

*1989 29 : FENSW gk
e

® 199611 8 ~ 1997y 8¢ : o
= Strathclyde Univ. B>

e 2010 29 ~ 2011y 2¢ : ¢
== Eastern Michigan Univ. H-&
g

20119 119 ~ AR FRAAATA WA A}

° 1982 02 ~ & : et Fekyata) wge

< Eop
dlesa), HeldAl, gustet

Ht & X(Young-Cho Park) BRI

* 1993 8¢ : Azt sty
sk}l s A

® 19951 349 ~ 20079 29 : H
Atcisha Wl A ZFAL

® 2008 9 ~ 20099 8% : 7
Adhsta AHFHHA HYuws

° 2009 8 ~ A : PFYyEr
I AR AL

SRERS
oS, Ul

3260




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


