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Table 1 Reaction conditions and product yields in the reactions of benzyl chloride
in aqueous sodium cyanide solution
Catalyst Reaction Reaction Conversion Yield of benzyl alchol
a2y temp. (|C)  time(hr) (22) (22)
None ' 80 6 19.1 5.1
(CsH“’) gN (CHa) QBI' 80 3 94.0 1.0
80 2 50.0 1.6
PhCH,N (C;H;),Cl 90 2 88.8 2.8
95 2 - 96.1 3.7
PhCH,N(C,H;) Br 80 2 50.0 2.0
PhCH,;N (CH,);Cl 80 2 25.0 2.0
PhCH,N (C,H;) I 80 2 59.7 4.0
(C:H;) NBr 80 5 18.2 trace
(C;H;) NBr 80 6 21.4 trace
18-Crown-6 80 2 37.0 1.4
Poly (vinylbenzyl-
trimethylammonium 95 2 . 83.9 2.9
chloride)
Reaction conditions—
Benzyl chloride : 0.174mol, NaCN :0.209mol, Catalyst : 0. 00263 mol,
Water : 50 ml.
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Fig.1 Variations of composition for the reaction of 001
benzyl chloridé [7a]) in aqueous sodium cyanide

solution in the presence and absence of benzyltri-
ethylammonium chloride(BTEA) at 90°C

Reaction conditions
a) [7a] 0.174mol, NaCN 0.209mol, Water 50 m/
[J:(1a], A :Benzyl cyanide (2a), O : Ben-
zyl alcohol [ 3]
b) [Za)0.174mol, NaCN 0. 209 mol BTEA 0.00263
mol, Water 50 ml

MW:(1a)], A:(22), @:(3]

Wichic (3) DREIERBLOTHS S MIEAEOK &\ i
THEMCAME AP ToL (L2 EF 57 FA7v e
=YL= I PR [Ta) K LT 0.5mol2g LIT) figich
b (3] DREAEREDONEDL ZDEL THBTE S,

2.2 BEOoEEIEEEY

K BIREA 7 FAd b v 7 VI ERKIER 351 5 Y
B7vE2Y MEOMBHEN 7 LS AROE F B LT
WHLLEERWRELI, L L, SRR EGIEED K
8) 7 Eﬁ V7 ALy 7 b+ b Y v A DIREEINKS

BolebTAr ) BT,
CN- 4+ H,0 == HCN 4 OH-

0 20 40 60 80

Time(min)

Fig.2 The relationship between the relative concentra-
tion of benzyl chloride and the reaction time

Reaction conditions are the same as in Table 1.
Catalyst——
1: None,
3 : (C3Hq)(NBr,
‘5 : PhCH,N(C,H,),I,
7 1 C1gHyeN (CHy)4Cl,
9 1 CyoHysN(CHy)4Cl,
11: (C,Hy),PBr,
13 : (C,H,)NBr

2: (C,H;)NBr,

4 : PhCH,N (C,H,);Br,
6 : C,HyN (Cgllyy) 3Br,
8 : C4H33N (CHg) sBr,
10 : (CgH,q) NBr,

12 : CygHg,P(C,H;) 3Br,

ANTHET SR T ) AR O b4 5 E U E o IR O 5
R EhTWiRwX 5 ThHa% FIT, KR CIXRIEHEY
HRETSH L X b o EES I HELYR A0 BEEIL2.5%
MB)o B2 1 2 DA FGIEn (Ta] bo (2a) 45
Emmﬁﬁﬁﬁ%ﬁLtu

90 KM B, MARE, HNE— JEHTTREREDAT
JEHE, 24, 59(1974).




H1k, 1977, No.9

TOBEHRS S l=mm =

A

Bk - HTF - R AH Hl‘é‘l@ﬂﬁim#%: F7an) &y 7 ek

1381

Table 2 Benzyl cyanides [ 2] from benzyl halides [ 1] in the tetrabutylammonium
bromide-catalyzed liquid-liquid phase transfer method®

Reaction
[1{1_5:1-]1123{}( Cyanide t(enlgﬁa

[1a] Ph(=phenyl), Cl NaCN 78~80
[ra") Ph, Br NaCN 80
[1a] Ph, C1 KCN 78~81
[I1b] p-Tolyl, Cl NaCN 79
[1b] p-Tolyl, Br NaCN 80
[1c] o-Tolyl, Cl NaCN 85~90
[1d] p-Cl-Ph, C1 NaCN 80~81
[1e] o-Cl-Ph, C1 NaCN 85
[1f] p-CH,0-Ph, Cl NaCN 78~79
[7g] e-Naphthyl, Cl NaCN 82~-83

¢) Reaction conditions—

Reaction Yield of IR
(min  (53GH oy Gent hauid:

30 [2a ] 94 117r~—-119 (10) 2240
30 [(2a] 96 118~-120(10) 2240
30 [2a] 94 117~118(10) 2240
30 (2b) 90  135~136(34) 2250°
30 (2b] 92  135~136(34) 2250
50 [2c] 89 138~139(25) 2250

[(24] 88 130~132(15) 22609
60 (2e] 8  138~140(29) 2260
40 (2f)] 84  155~156(19) 2250
25 (2g] 8  187~189(16) 2250

Benzyl halide : 0.10mol, Sodium or potasswm cyanide : 0.12mol, Tetrabutylammonium

bromide : 0.0012mol, Water : 22 ml.
b) Yields are for purified products.
¢) Nujol.
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T & iR R o R & L OBEEIAN COERY (T BT
nELEERMN C DT CTTtEvboiiiEFAril, 1@
T% C L EORE7AFAENFET S LEERGEL BT
Bo EleTAFAEDOPLIEXY IO 5T DILIERIC
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2.3 BEM~NLUNL=nAF=FE~OLHA
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(3] #FlE LWL, BIUAERMRERTHB LR END
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CoH,CH,Cl + QCN — CgH,CH,CN + QCI (2)
(1a) (2a)
AL QCL 26T K~ BE LT QCN #H4 75,
QCI 4 CN- = QCN + CI- (3)

#£(1), (3)DBEIABRO A+ vRIGTRIGEEIZWSL
BLKE G, ¥z, QCN oK BHERES XV QC 0F#
D B HEAOWEBEEEIL» X ¥ S-S ThEREHES
TOBRRIG(2)DEECH L TERTER, T EEEELH
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Ry=¢a7sa + Pr¥an . (4)
TEbLERD, 1o2L, $a o XXM ERI 2, b OFRITE
THhbHo AL TILEERM a NRET TRENETT 20T rap=
0 LT
RA=¢9"A& (5)
ThHho HEMHNORIGEE oo WEIEEEHE & LThIE
7 4= —Ad[GCH,C1]/d¢ =k[CH,CIILQCN Jorg (6)
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H(1) TR L QCN @ 5 b HE $h 5 R[QCN]org



1382 - . H & & % &I 1977 Noo

.Table 3 The apparent rate constants for the reactions of benzyl chloride
in aqueous sodium cyanide solution in the presence of warious

catalysts®

Apparent Tate constant

Apparent rate constant

L Catalyst kops(I+mol~1.sec1) Ca.tz_alyst— Rops({+mol~tesec™!)”
 None _ : 0.0001 (CaHy) NBr 0.0001. -
© (CsH,) NBr 0.0001 PhCH,N (CH,),Cl 0.0013
.18-Crown-6 - 0.0014 PhCH,N(C,H;),Cl 0.0016
C1HasN (CgHy7) sBr 0.0022 PhCH,N (CoH) 1 0.0027 -
. C.HyN(CgHy,)Br 0.0053 Cy6HagN (CH,),Cl 0.0075 .
CyHysN(CH;) 3Br - 0. 0094 CyHysN(CH;);Cl 0.0099 - -
 (CgH,y):NBr 0036 (C,H,) PBr 0.057 -
.. CigHgsP(CHy) ;Br 0.060 (Cﬁg)4NBr 0. 065

a) Reaction conditions——

Benzyl chloride : 0.174mol, Sodium cyanide : 0,209 mol, Catalyst 0. 0026311101

Water : 50ml, Reaction temp 80°C.

BSERARE K, LT hiE [QCN]org—"Kzl:QCN] T, aﬁ‘,(l)
OFFERE K, LThi¥ [QCN]=K,-[QX][CN-)/[[X-] 7
Fioy

[QCNJorg= K+ Kz+[QX][CN~]/[X"] (7)

Thbo [CNTYIX™] FUEHRE—E L BEThIE
[QCN:Iorg: K [QX:I ( 8 )

Linho R(6)BLUE(8) DS
7 aa=—d[$CH,CL]/dt = H[$CH,CLIK'[QX]
) =kon[@CH,CII[QX] - . (9)
Lichisa T,
© In([$CH,CIY/[GCHCLLy) =—kopa[@XTF (10)
LieBo TeliL, kovs 1L RO ORIGEEES, [HCHCL, 1%

HEHESO (7a] o) T [QX] A ol o B A EEE
BBl DBETH B R(5), (9)BIVXAO)ME (1a]l o

27 ALl ARTsR O A RIS B
 Ru=hon[$CH,CLIQX] (1)
Tibb o

1n(CGCH,CI/[SCH,CLIy) = —apedu[QXTE  (12)
TEbERD,

2.5 RISHERRIC & BRENROHE _
A(12) 26K 2 OEMHOME & L MEBES X O ERESES%

@ TEZ T LIk Y HEMHF O LT ORIEHEEEH kovs 23R
Bdohbo K255 AMSOMECH L TRA)NEHTES L
ELbh 5, —HofCxFERH R E s LEENL
EL{ T B, THILRIGOEFIC O THERIBEEN (2a)
CEATL Bl QCN OFEMBENAE kbbb lELD
R, o X5 e onTiEE(8) DEFECIE ST LA
W ORIEISENCH1F B kovs ERDIzo

CA=RBEED S L CEB BRI kops DR AL O R
FERMCEDLTLIOTHD, ChbOE®RE3C—IKLI,

11) - C. M. Starks, P.M. Owens, J. Am. Chem. Soc., 95, 3613
- (1o73).

2.6 HMBBHHMEOFRASERE

RORIEEEEREZ RO KRS RA R K STFHEHR K
DIERMBLEN BB, Starks BIXEA 2 F -7 VEF T
VY AKBHRT B BAFFFUL L) I FIA R AR As
7w 3 Fo K fHiE C¥ FLXo Cl¥ e aLicey 7 vibd b
DY ABIUIELF LV v ARAWTRS T =T 0. 48,
Y7 MEA 2 F AT 0.80 THBHEBELT WS, FORTHE
Lh DWELA 7 F 0 C0 K {ECH B, FoffinEit 7+
ARG TCHDOT I~ —ETIRD LMD b
=V COEEZERSTRALTWEY, 22C, BELIL{Ia)D
v 7 ALK O RIEAMER TIRET Liswz L2 FH LT
0~2°C T 7 vbhKER+ I [(a) i L 10mol2s o filiit
BALEIRY, 5 E FECHETPECE LS T—ERo
A2 VML CHRCREBMEAB L TER L 2a) 0By
FBiETH ol b (1a) o K ko, .
L2LWENRDD 2BEOBICOWTHE LicE R, £hE
#, TBAB T 0.45, BTEA T 0.09 Th o ico. EEORIGEE
TO K HichIhRkEWLOLELZSRENZDEREDE
EFRWBE, Tt E3ORGEHTCoBRENTORE
HEEES kX TBAB, BTEA ‘C+h+h 0.145, 0.0147.mol"!.
sec™! ThHDHo TIEED kB X0 kops DFNRFNDOHIL Erpas/
kerea=10, kb tran/Fobs rEA=50 TH 5 DT, - Bt © i
BRI 2R OZOHT A E . thboz bhb i,
Starks b TW 5 X 5 KHBHEA~OFRERS MBEEE % £
BETARERBTFO—DCHBE Ldibhb,

2.7 REEHFO®RS -

201 MEBORE: ﬁ@ﬁﬁ;%ﬁz‘% EI«_L‘C&L%@

TBAB o7 2% L &8 60°C TofFEiE 0 R oG
HMEEH kovs BRDILECARLAD XS BIT—E@HMNESH
Too Lichi- THHATOREHEETZE(9) itk (11) tF
bah, MEREO—UCHAIT 5,

27.2 PTAEFPUTLLEERCSL Ta]l DELLD
ME:(TalEWl 1~ 11 fEELD e 7 vEF F Y v a2,
K& XV TBAB D% —EIC LT 60°C TD kops % 3 3 Fofl
12) KBEOSUSH TIRMBIL(L 2 )i X L 2molgSBE L bR

Lz 2%, 2molgg 8 cik[2 a ] o A g ki3 7o v 72 2 2mol

2%TH 0, GLC AHiic s1F 5EENKE \ © T 10molgs
BEC L., FECI1X10molzsiifs ¢4 RT3 5.
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Table 4 Dependence of rate constants on catalyst
conce;utra_tion“’ )

Catalyst concentration  FopsPa %QX] Eobs
(mol/l-organic phase) (sec™! (l-mol~t.sec™!)
©4.34x107% 1:98x107% 0.0160
8.69x10°¢ . 4.05x10°* 0.0164
1.30x 10t 6.15x 107 0. 0165
1.74x 107t 8.25%x 10+ 0.0167
2.17 1.02x107° 0.0164
3.48 '1.63%x 1078 0.0164

a) Reaction conditioAs—-
-Benzyl chloride : 0.174 mol, Sodium cyanide:

-0.209mol, Water : 50 ml, Catalyst : Tetra-
butylammonium bromide, - Reaction temp.:
60°C.

Molar ratio ([Nacm;[qbf:ﬂzci])

o
H

0_ 1 a9 3 4
[ B | T .

X
&
v

.
T
L]

(I/mol+sec)
o

LA

ol 1 |
0

Apparent rate constant Egps

o

10 15
Concentration of aqueous sodium cyanide(mol/l-water)

Fig.3 The relationship between the concentration of
aqueous sodium cyanide and apparent rate con-
stant

Reaction conditions——

Benzyl chloride : 0,174 mol, Tetrabutylammonium
bromide : 0.0025mol, Water : 50 ml, Reaction
temp.: 60°C.

BB 3T EAMMKELILBEBYE kovs 12K T B3
el ETRIE—ERL D, ThbDEEIIKHETD > 7 vk
W4 & VIREEOBMIMATEER K, &k 32, ffnRE (60°C
T 9.22mol/l-H;0') LI LT~ED K, R EBTEKLBD

Table 5 Effect of the amount of water on the rate

constants®
Volume fraction of B

?ﬁ;ﬁr orgamc phase kovs: ¢“ [QX] ! (-rﬁolgrf_sec‘l)
. . e
2.78 0.286 6. 15x 10¢ - 0.0172 .. .
3.06 0.267 5.62x10¢, 0.0168
3.33 | 0.250 5.17x 10* 0. 0166
3.61 0.235° _0.0172

5.07x 10t

a) Reaction conditions—
Benzyl chloride : 0.174mol, Sodium cyanide :
0.209mol,  Tetrabutylammonium bromide :
0.0025mol, Reaction temp.: 60°C.

2.7.3 KEBOME : HROBFTE [a) i LIEHED
7 EEBERGBZ LIRFELL RO TRORREAG2
ONBYTHD, FTREFNBEALOEEET (Tal LT
1~2molgs BENFRTHH D, £ T, [CNTJ/1a]=1.2,
[QX])/(1a])=0.014 ¢ LTAERT 2L ETEOREELH
NRT AR, BEORBRO L H5TRENELELLTD kons IR
EEAEHE LD, SREHIE Ry 3k E0RImE & Sk
Bt B LichiaT, KHERD > 7 (bl 4 4 v iE L OBED
BdX (Ta) o5 RHMEL b B0 > 7 ik EES
CEETH T ORRERT 00 HREHN TS 5,

2.7.4 REREOHE: okt sRECHE IR
ok & —AMCHEIRIEN (12]) 1w LT 1~2mol2s TIXE
BTE->T AR 57, filfoffic X » THEARET S
BIEBESR Bo fok 2 1E, AIEME 1.5mols Tik TBAB
T 50°C, BTEA T 80°C HiETH %o RIGHIHEBEELLETIRIE
EOERE LS CRIBEERMAT S, MINRERIEWICKE S
T5 LERCH GBS S E TR TR BISHETT
B Lol D, RENLTOORMBIT DT kons O REKRFE
BIATo kobs 12 YT LTI WEBELTRL, = OKEH»
& Arrhenius @ Epi oiGtEib=%1 ¥— E, B I U0EEE=
Virt— 48 BRbi, BohhicrE 6 LR Lo kobs O
BEZLThLThoEDRTEbLERD,

Fobs rean=1.73 X 10 exp(—10400/RT) (60~90°C)

DLERTE B, Eobs nris=1.00% 10° exp(—14800/RT) (80~95°C)
Table 6 Temperature dependence of apparent rate constants and
activation parameter®
. - Apparent rate .  Apparent Arrhenius's Entropy of
Catalyst Reactl.?n temp. constant energy activation
kops ({+mol~!esec™!) E, (kcal/mol) 45%(e. u.)80°C
60 0.0163
(C,Hy) NBr 70 0.0371 10.4 —34.9
(TBAB) 80 0.0651
90 0.0978
80 0.0020
PhCH,N (C,H;)+Cl 90 0.0036 14.8 A7
(BTEA) 95 0.0046

a) Reaction conditions——

Benzyl chloride : 0.174mol, Sodium cyanide : 0.209mol, Catalyst : 0.00263 mol,

Water : 50 ml.

13) BARLFLE, “CREWERFEL)”, 1% (1975) p.786.
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3 = B

3.1 =& #

(7a) BIERELToO (2a), (3) W mBEERAEL LD
¥EFA LIz, FOMOBRSYOi=re = TREIFET X
DARLICH, p-2 bEFYRYUL=rw ) FREEGCOBA L
BT BTD p-T=ATATEFE bR bFvPATHa—
NELTcDBEKRTARBELTER L

FIEOENMTEIE=ERT I VAR VRESMAAT 4 v
v F LT AFA LB ERLUTHEE L THW, 18-27F v v-
6 HBEREEFER L, BV (CaAvIn ) 2FLT Y
z=ya=zw Y FRBRIEELS ) o= QB AW,

3.2 REBHFE

RS, BRBEEER X EE (BhEEEPRIA 2
Y o — 4 PePRTEREE r § A% —F — B-100 ©@&EM
ERTioy, BEEERA FrAERA2-STHELL) IR
B ML 7oA 100ml O=2R 27 AT FAaCEE
7 vitl), ABIUREYED, K- RKEODHBHEE o Kk
R BENER TE S04 391 rpm O EEEEE

THEESHMCHERET (1a) 2—ECing, ShlcUFEE
BECELLEEROOY V7Y v 2T RIGHARR L L
o —ERH S L T TR IEDESE oL, BEEEH
0.05 mI WML CT=—F A CHRUEBAREEF + YV v A THKL
T b DR SHRE L Lico 703, RIGHEEORIECHic - Tl
DHECRIEAREL BEE, ¥ EERELELERTR
BB 2T\ B T LR TR L, '
FESIMLTCORMHFAZ v+ 7T 7TiTlnotoe BEILH
TrEL 063 Bl, HFARAFVIVAAF—LB 2mX3mm, FT
AFNLEEA Tenax GC 2, SHi&MLD 7 2RE 195°C,
F 4 ) ¥—H AL He 30 mifmin THb, [3] R LW
e (3) R PMEEY B A Lz, TBAB % fiic LIcE
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Reactions of Benzyl Halides in Aqueous Cyanide Solution in the
Presence of Phase-Transfer Catalyst
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and Makoto Kimvura

Department of Chemical Engineering, Faculty of Engineering,
Yamaguchi University ; Tokiwadai, Ube-shi 755 Japan

The effect of the quaternary salt catalysts on the displacement reaction of benzyl halides
[1a~1g]) in aqueous cyanide solutions has been examined. Whereas hydrolysis to the corres-
ponding benzyl alcohol takes place under conventional conditions, benzyl cyanides [(2a~2g]
are obtained as a sole product in the presence of a catalytic amount of certain quaternary
salts. Ammong the catalysts tetrabutylammonium bromide has given excellent results.

The analysis of kinetic data in terms of a liquid-liquid heterogeneous reaction model has
revealed that the reaction in the organic phase is rate-determined and that the rates of cyanide
- replacement show a first order dependence on the concentration of [Ia] and catalyst. On the
basis of apparent rate constants, the relations between catalyst structure and catalytic effects
have been discussed. The efficiencies of catalyst have been evaluated quantitatively.



