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ABSTRACT

Alcohols were converted into nitriles by one-pot reactions with
trimethylchlorosilane and sodium cyanide catalyzed by PEG400 and so-

diumiodidein dichloromethanein excellent yields.
© 2008 Trade ScienceInc. -INDIA

INTRODUCTION

Nitrileshaveplayed important rolesin organic syn-
thesiswhich can be converted into homol ogous car-
boxylic acids, esters, amidesand amines?. Literature
survey indicatesthat there arealarge number of meth-
odsreported for the preparation of thisuseful class of
compounds??, Theclassica methodsfor acoholsto
nitriles proceed viasulphonatesor haideintermediates
which need two steps. An one-step procedure of
alcoholsinto nitriles had been reported by Roman.
Butwefoundthet itisn’t suitablefor thesubstrateswhich
aresengitiveto acids, and aquiteamount of eiminated
productsformed for the secondary and teriary a cohols
inour application of thisprocedure because DMF and
Acetonitrile have stronger pol arity. Another deficiency
isthat DMF hashigher boiling point, whichisdifficult
on the separation with the products.

Inrecent years, polyethyleneglycols(PEG) of vari-
ousmolecular weightshavefound much industrid ap-
plicationasPTC or sol vent promotersin many organic
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reactionssincethey can beregarded asacyclic crown
ether anal ogues®®. With amedium molecular weight,
PEGA400 has been widely used as phasetransfer cata-
lystsin many organic reactionsowingtotheir stability,
low cost, and easy availability. Especialy duetotheir
liquid property and the two hydroxy groups, it hasa
more powerful ability to solubilisetheinorganic satsin
non-polar organic solvents such as benzene and
dichloromethane. PEG400 wasmore suitablefor solid-
liquid phasg™8.

Wewishto report afacile method for the one-step
conversonof acohalsintonitrilescata yzed by PEG400
and sodium iodide in satisfactory yields with
dichloromethaneas solvent. The conversionsof ase-
riesof alcoholsinto the corresponding nitrilesby this
method areshownin TABLE 1. Thereactionisshown
asfollow:

. PEG400 /Nal
ROH +2Me;SiCl +CgHsN +NaCN =
CH,Cl,T 1

RCN +NaCl + CsHgN*HCl +(Me3Si),0
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It has been reported by the previous literature® that
trimethylchlorosilane can berecycled from (Me,S),0
whichisreclaimed with severd different reagentssuch
as SOCl,,, PC, AICI,, and HCI'**3. We used SOCI,
asthereactant toreclamtrimethylchloroslanewith the
yield of morethan 85%.

RESULTSAND DISCUSSION

Based ontheresultsof thecomparative experiments
of severd solventswithlow boiling points, such asethyl
ether, dichloromethane, acetone and chloroform, we
selected dichloromethane as sol vent to ensure an ex-
cellent separation of the productsfrom the mixture by
digtillation and good miscibility with PEGA400. PEG400
as phasetransfer catalyst allowed usto perform the
condensation under mild conditionin satisfactory yields
and to separate the product mixturemoreeasily. The
appreciate amount of PEG400 was 3-5mol% to
acohols. A longer reaction timewill be necessary with
less PEGA00 and themore productswoul d belost dur-
ingthe cause of washingwithwater if themoreamount
of PEG400 were employed™,

Compared with Roman’s method, the amount of
sodium cyani de has been reduced tol.2equiv with py-
ridineasalkali to absorb hydrogen chloridewhich can
reducethegeneration of virulent hydrogen cyanide. In
order to absorb hydrogen chloride, we compared with
different kindsof bases, such asanhydroussodium car-
bonate, magnesiaand cal cium oxide. Anhydrous so-
dium carbonateisastronger inorganic basewhich can
react with trimethylchlorosilane, it not only makes
trimethylchlorosilanelossbut d so affect the absorption
of hydrogen chloride. Pyridineisaweak organicakai,
It can absorb hydrogen chloride and be separated from
thetrimethylchlorosilaneeasily. So pyridineisamore
suitable base.

AsshownintheTABLE 1, primary and secondary
acoholsareconverted into the corresponding nitrilesin
excellent yields. Thereactionwas proceed by S, 2 pro-
cessfor different primary dcoholswhichareshownfrom
entries (1) to (14), thearylmethanol shave higher yields
than other primary a cohols such as3-Phenyl propyl d-
cohol intheentry (14) becausearylmethanolshavemore
reactive activity. The secondary alcoholsasshownin
the entries (15) to (17) can a'so proceed by S 2 pro-
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TABLE 1: Conversionsof alcoholsintonitriles

Time Yidd  b.p./(°C /mmHg)
Entry  Alcohdls (h) (%) Found Reported™
1 ©\/ OH 45 92 102-104/10 234
» o I on 55 & cooas s86US
30 fj/l OH 45 85 113-118/20 115-120/22

91 111-114/10 244

N
©)
T
()]

89 108-111/10 240-241

®)
I
o1

90 112-115/10 242-243

55 88 125-128/10 128-130/13

gy

o
T

45 94 109-112/10 240-242

o
©)
T

90 135-137/10 134-136/10

(o]
(e
@)
T
(63}

10 45 93 125-128/5 265-267

11 45 91 136-138/10 140/13

w
©)
I

¢be

12 92 11411665 114-115/5
Br
NO, 15117
13 4 @ 115-116(m
T on (mp) ()
14 [ | oy 6 8 1291321012913110
15° QA 65 74 9910205 102-1047
OH
16° 65 76 910010 231
H
17° 70 174-179/5 180-186/10

18 5 45  105-106  105-108

84,0

The temperature were processed at 40°C; 3 ced-water bath was
used to lower the reaction temperature

cess becausethe carbonicionisunstableindichloro
methane which hasalower polarity. We propose that
themain reasonfor thelow yieldsinentries (15) to (17)
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maly bethe sdereaction of competitiveeimination. In
order toinhibit the s de reaction, more sol vent(1.5times
the amount) and aniced-water bath, to keep thetem-
peraturelow, wereused for thereactionsin entries(15)
to(17). They till givesatisfied yid dswithalittlelonger
reaction period. But theteriary a cohol asshowninthe
entry (18) hasalower yield, We proposethat themain
reason for thelow yield may be thereaction of com-
petitivedimination. Longer reaction period was needed
inthereactionsfor the productswith high meting points.
Higher yields could be obtained in the reactantswith
el ectron-withdrawing groupsinthearomaticring, such
as -Cl, -Br, and -NO,, than with electron-donating
groups, suchas-CH,, mainly becausethearylmethanols
with el ectron-donating groupsinthearomaticring are
morestable, itismoredifficultinthereaction that the
hydroxy was replaced by the cyanideion.

The mechanism of the reaction is depicted in
SCHEME 1. Without sodiumiodide, longer reaction
period was needed and theyieldswerereduced. Soan
activereagent Me,Sil would beavailablefor attack on
thesilyl ether to form the R-1 with which would then
react withthe nucleophiliccyanideion by S 2 process,
It ismoresuitablefor the preparation of primary and
secondary nitriles. Based on this, we proposethat the
reaction mechanismfor thefromentries1to 14 should
be S, 2typesincethechlorideanionisnot agood leav-
ing group, which might account for itslonger reaction
timeand lower reaction rate.

In summary, an improved method for the conver-
sion of dcohoalsinto nitrilescata yzed by PEG400 and
sodiumiodidein satisfactory yie dswith dichloromethane
assolvent isdevel oped. The advantagesof our method
areinexpensive, practical and withthelesspollution
and ease of work-up.

EXPERIMENTAL

TLC was used to monitor the reaction process.
TLCwasGF,, thinlayer chromatography with petro-
leum ether/diethyl ether (2/1) used aseluent. Melting
pointswere determined on amicroscopy gpparatusand
uncorrected. 'H-NMR spectra were obtained on a
Bruker AVANCE (400MHz) spectrometer usng TMS
asinternal standard and CDCI, assolvent. IR spectra
were recorded on a Bio-Rad FTS-40 spectrometer
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(KBr).All theliquid parent materialsarefresn stilled.
The productswere a so characterized by comparison
of their Mdting pointsand boiling pointswiththelitera:
turevalues. Thereaction equipment was hermetical,
nitrogen was used to eliminate the vapor before the
addition of Me,SICl sinceitshigh activity to vapor.

General procedure for the preparation of 2-
furonitrilefrom 2-furylcohol (entry 2)

A mixtureof 2-furylcohol (4.32ml, 0.05mal), pyri-
dine (6ml, 0.075moal), PEG400 (1ml, 5%), CH,CI,
(30ml), NaCN(2.695g, 0.055mal), Nal(0.38g,5%)
was stirred ina100ml three-necked, round-bottomed
flask equipped with amagneti c bar, under nitrogen at-
mosphere, with the dropwise addition of Me,SiCl
(13.4ml, 0.105mol)over aperiod of about 2.0 hours.
Themixturewasheatedin oil bathwith stirringfor 5.5
hours. The progress of the reaction was monitored by
TCL. Upon completion, the solidswerefiltrated and
meticul oudy washed with dried dichloromethane (5ml).
The organic phase was washed with H,O(3x10mL),
dried with magnesium sulfate. After CH,Cl, wasre-
covered by ditillation from the combined filtrate, 2-
furonitrile4.57g (85%yield) was collected at 60-64°C/
BP, by distillation under reduced pressure. ‘H-NMR
(CDCl,,): 6:3.67(s,2H,CH,),6.13(d1H,CH), 7.11
(s, 1H, CH), 7.23(d, 1H, CH)

General procedurefor theprepar ation of 2-phenyl
acetonitrilefrom phenylmethanal (entry 1):

A mixture of phenylmethanol (5.2ml, 0.05mol),
pyridine(6ml, 0.075mol ), PEGA400 (1ml, 5%y), CH.CI,
(30ml), NaCN(2.695g, 0.055moal), Nal(0.38g,5%)
was stirredina100ml three-necked, round-bottomed
flask equipped with amagneti c bar, under nitrogen at-
mosphere, with the dropwise addition of Me,SiCl
(13.4ml, 0.105mol) over aperiod of about 2.0 hours.
Themixturewasheatedin oil bathwith stirringfor 4.5

PEG400 .
ROH +Me;SiCl —— ROSIMe; + HCI

PEG400

MesSICl + Nal MesSil + NaCl

RCN

PEG400 )

SCHEME 1
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hours. The progress of the reaction was monitored by
TCL. Upon completion, the solidswerefiltrated and
meticul oudy washed with dried dichloromethane (5ml).
The organic phase was washed with H,O(3x10mL),
dried with magnesium sulfate. After CH,Cl, wasre-
covered by distillation from the combined filtrate, 2-
phenylacetonitrile 5.34g (92%yield) was collected at
234°C by didtillation. *"H-NMR (CDCI.,): 6: 3.67 (s,
2H, CH,), 7.06-7.14 (m, 5H,ArH) IR (KBr) v: 3650,
3065, 3034, 2952, 2922, 2251, 1602, 1497, 1454,
1416, 1077, 1030, 940, 736, 697, 615cm*

Theremaining nitrileswere preparedinasimilar
manner. Further investigationsinto the utility of PEG400
and sodiumiodidein generated reagent for synthetic
transformationsare continuing.
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