
INFRAREDSPECTRAANDSTRUCTURE 
OFCARBANIONS-XIII* 

ASTUDYOFTHECARBANIONSGENERATED 
FROM ACETONITRILE,ACETONITRfLE-4 

ANDACETONfTRfL~"N 

1. N. JUCHNOVSKI. J. S. Dthitrtt~v~, 1. G. EINEV and 1. KANT 
Insd~u~c of Organic Chemistry, I II3 Win, St&aria 

(Rcccid in UK IS In/y 1w7; Acccpttd for publication I9 Srptrmbrr IWl) 

M-T?IC study of tl~ IR spectral dam for mttalktcd uetonitrik Wtmter ions Li’, Na’, K’ in solvents 
tetrdycbofuran, THF. lad ~x~~y~~~. HMP’I? and its &- ud “N- dcrivrtivts twtbu with 
CNDOD pad nerd coordinate cdcultioru showed I&t tk mewmcrk ion &CCIIC~N hu a fwxmd plrnu 
struchmeandtbc~~tibondhuaproaounced ioniccbuacter. 

Metafktion of acetonitrik g$ves a hiphty reactive inter- 
mediate with a carhutionic structure capahk of undergo- 
inB misceltaneous chemical ~nsforma~ns.’ This 
cartmnion bcinl( one of the smaBest cyano containing has 
incited a number of papers dealing mainly with its rpec- 
traJ propertks and aiming at the elucidation of the ekc- 
trot&c structure of metaBated MeCN and the nature of its 
bonding with the counter ionL’ 

Some of tbtst studies have promoted the concept of 
tht simuttaneous presence of a number of prototropic 
and metallotropic forms in the solutions of alkali metal 
derivatives of acetonitrik,~ and others assume a 
potymer asschciated nature of li~u~eto~~.’ The 
hypothesis of Krf&? on the existence of tautomeric 
specks of aceto~i~um is currently accepted in 
the literatur? (Scheme I). 

M-CH&= N~~M-CH-C=NH~~MC-C-NHI 
(1) (2) (3) 
(4) H-C - C-NH-MrrHx = C = N-M (9 

Scheme t. (M = L.i. Nat 

We have demonstrate& that, most probahty, the 
mesotneric c&anion specks of li~i~~eto~ exist 
as ion pair structures and that a considerahk amount of 
the infrared data used to co&m the existence of metal- 
lotropic and prototropic specks are in fact pertinent to 
products of further transformations of metaBated 
acetonitrik. 

Ibe bi& reactivity of metaBated acetontrik and its 
tendency to dimerize cause serious dimcuhks in the 
investigation of its spectra‘ We were restricted to study 
the frequency r+on ktween l!JOB and 26OOcm“ 
because of the necessity to use metaBating agents and 
solvents themselves showing intense and complex IR 
absorption outside this r&n. It is useful therefore to 
consider the avaikhk IR data concerning the effects of 
counter ions and isotope suture together with the 
results obtained by quantum cbemicat and Rocmpj coor- 
dinate cakulations for a confidtnt interpretation. 

‘Put Xl: rfrmlK&ollS3.2993 fl9?7}. 
Put XII: J. Omaromml. Chn. 141. 123 (1977). 

Tbt IR spectra of mttaUtted acetonitrik and its Dr 
and “N- isotopic derivatives were recorded in the region 
19OB-26OOcm-’ in solvents THF and HMPT with coun- 
terions Li”. Na’ and K’ (see Experimental). The 
stretching absorption hand of mcdlated acttonilrik. as 
given in Tahk 1, appears in the rather narrow region 
20~2072cm” and is practi&y indepcnckat of the 
substantial differences between the solvatiao ahiity of 
the two solvents and the nature of the couater ions. 
These small frequency shifts indicate that we deaf witb 
practically the same anionic structure in all cases and the 
stretching vibrational frequency is influenced by the 
solvents and counterions to the extent usual for 
carhanions.U.‘2 It has been recently demonstrate4P 
that the replacement of K’ for Li’ causes an tnbance- 
mtnt of vcN in cartwnions of substituted iryt- and 
alkyl-acetontriks by about IOcm .‘. The replacement of 
the solvent THF for HMPT also causes an tnhancement 
of the same frequencies of the order of lOcm-‘. These 
data, as well as the extremely hi intensity of the nitrik 
absorption hand (A _ 6 x 10’ I. g-ion-‘. cm-‘, observed 
for the strongly conjugated carbanions of substituted 
benzylcyanides too*” support the assumption of an 
ionic character of the bond formed between the alkali 
metal cation and the acetonitrik carhanion. One should. 
tbertfort, considtr as possihk the mesomeric anions 6-B 
below instead of the metallotropic species in Scheme I. 

(-CH&-N++HIC=C-N-],M‘ 

(HC - C-NH- -CHIC-NH], M’ 

(-C - C-NHx). M’ 

Scheme 2. tM = Li. Naf 

to 

(71 

(8) 

The isotopic shift of the observed intense absmption 
&nd due to the replacement of ‘*N by “N tTabk 1) is 
22cm-‘. Thus, an assignment of this ahsorption to the 
amino~tyknbk anion 8 would be erroneous because 
the normal coordinate treatment of the triatomic frzq-’ 
ment NCI: &s a value smafkr than Scm-’ &neral 
vaknce force fkki. force constants taken from Rtf. 13). On 
the other hand. the amino acetyknide specks shoutd be 
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CH)c”N HMPT f?& 7 m 22 2029 22 2@29 22 
M30 22 2641 20 

regarded as kss probabk because of tbc lower ckc- 
troncgativity of C as compared to N and because of the 
localization of the; nyptive charge since no poJsibilitks 
for son~~n exist. The mcasttrcd “N-’ N isotopic 
shift for mculiatcd acetonitrik is only slightly smaJkr 
than the vahes for neutral nitriks fTabk 1’3 and is cku: 
to that of onion radicals OF aromatic nifriks~" This 
iadicates tbc prevailii parxicipation OF the CmN boni in 
tJ!e obscrvcd normal mode. The metalIath* tbcrt!forc, 
does not give rise to drastic changes of bortd multh 
plicitks in the indiitor goup C-ON, 

We measured isotopic shifts of O-1 cm-’ in HMPT and 
Mcm-’ in THF For the bend discussed Gabk 1) on 
perd~teration OF acetohtrik. Y%t yuiunide specks 7 
however supposes strong acAnkal coupling of D-c 
aad CM2 bon&4 and consequently a w H-D isotopic 
shift of tbc order of Ibe rcpor%d tM)cm-’ for HCN- 
DCN” or 133435 cm-’ For CHAXZH-CHDCD.” Tk 
sina@ value OF tbc H-D shift indhcs that the parti- 
cipation OF C-H coordinates in the observed notmal 
mode is inset and cxmtradiits to tk assignment to 
the ynamide 1. Thus, the above ~o~s~a~os ckariy 

Fii. I. IR spara of HMPf sdulioar ol: (rf I.. . .) radtrik, 

indicate thpl the specks s&owing the observed IR spectra 
is the carbalh 6. 

Tbc absorption bands observtxi for carhions with 
ti’ and Na’ coun~ns arc split in doubkts CTabk 1). 
This property cannot be due to such intramokcular 
masons as, e.g. Fermi rcsomutcc since simihr intense 
dcubkts are found in the IR spectrum of -CH@‘N. 
@ii. 1). The ‘“N-“N isotopic shift for the two 
components of the last compoutxl is equal, therefore the 
two species givir@ rise to tbcse bands ShouM be very 
simii and the reason for (he appearance of two ocw 

frequencies for mctaUatcd acetonitriks is proMy the 
diitlcrcnt environment of the carbothnic puticks. Thus, 
th doubkt ChPrrrctW Of thC PC,., &dS could k dtltd 

to tbc presence of “fret” boons and solveat 
separated ion pairs. This assignment is supported by tbc 
fact that the shape OF the obscrvod doubkts is different 
with dinntnt counter ions LX, Na’, K” and at different 
concentrations of the counter ions @ii. 2 and 31. Y%is 
cnabks us to attribute tbc first of tk two observed 
bands 81 x)56-2i.Q 1 cm-’ to the gCN of “‘Free” cahnioas 
and tbc second one at 206i-2M2 cm-’ @cperiditte on the 
counter ion) to the kN of tk ion pair. The spectrum 
prcscntcd on Fii 1 can be pssignd 8s follows: 

2072 cm-’ vJ’(N of solvent separated ion pairs; 

2050 cm-“vclP, of “frcc”carbanioas; 

2Q50 cm-’ ~~15, of solvent Kparatod ion pairs; 

2028 Cm- ’ PC t SN OF “Fret!” chins. 

It is dikuh to suggest a rttiabk assignment of the 
components of the vcN doubkts observbd in THF. Tksc 
are ckarly registerEd for counter ion Li’ but tbc sboul- 
dcr at higher frcqotxtcy w entirety for counter 
ion K’. In this case the dependence OF the shape OF the 
ohmed absotption bands 011 thr? type of the coun- 
tezions is weak, but in general the freqoencks Qo hi 
in tk sequence K’, Na‘. Lie as observed previously” 
For carbanhs of scconduy niuiks and beatykyani&es. 

Tbc above qualitative inttrpretathn OF isoeopc effects 
~~~~~noF~~~o~by~- 
mcnts in the two ditferent solvcats indiiute &a! the 
stmturc of the anion OF scctonitrik is H-N, in 
compkte -meat with our rcstdts of CNDO# crl- 
culations” for this ion. 

Tbc total energy of the carhtion of acetonittik was 



minimixed with respect to all geometric parmeters of c&t 
mokcuk. The fallowing optimum values were found: 
RC-N - 1.255 A; &-< - I.355 A; K&x - I.116 A; angk 
HCH-11%. The favoured sbmcture of the ion is planar 
Ch. The charge distributions foptimixed geometries) for 
-CHXN and CHtCN are compared Mow: 

Qn Qc. Qc Q 

-zE 
- o.iPz2 - o.rr22 0.w -MO?3 

> 0.0318 - 0.0163 o.o!m - 0. I693 

It is weU known that CNDOlZ calculations predict 
bond kngths for muhipk bonds 0.02-0.03 A longer than 
the experimental ones.‘* whereas the kngths of the 
singk bonds C-C are predicted 0.01-0.06A too short, 
Therefore. WC can assume the foliowing hood kngths as 
more realistic: &,,-1.2OA and &-ISA. This value 
for bN aqees fairly with the conelation *-IL-N 
suggested by Rits&P which gives for pcH = 20% cm- ’ P 
value of RCN I. 19-1.21 A. This implies that the multi- 
plicity of the f&N bond in the car&ion is ~~tant~ly 
reduced as cTampared with the parent nitie. The Wiberg 
~~~~o~ atso agree with this conefusion, as can be 

W fli WCC WC, 

CH,CN 2.8550 I*1 160 0.9534 
TH&FI 2.4950 i.4m 0.9m 
CHpNH’ 2&t? - 0.9567 

‘Ccmpku1y OptimLbd fpawry: 
IG, - a79A, noncmpiecd cakuhtiions 
give 1.257 A.** 

The cakuiaths made for the optimization of mokcu. 
fat geometries provide the possibility to obtain the 
harmouic force constants and. consequently, to attempt 
to reproduce the vibrational spectra. In fact we used an 
iterative procedure to find the KEN stretching force 
constant keepiw the remaining constants &ted as 
follows: &H = 5.46 mdyn.A-‘. &C = 6.64 mdyn.A-’ 
amf KC~.CN = a.#13 mdyn. A-‘.M A fair agreement be- 
tween the experimental and cplcutpted frequcacies (see 
b&W) ~8s found for &M = IS.19 mdyn A-‘. 

rci, exp.. HMPr vc,, caic. 

‘CHKN 2@30-MS1 2051 
-CH,C”F; 2028-2029 2029 
‘C&CN 2CM 2@55 

The vdw taken for the K, stretchi force constant 
was ud&&d as tbc second derivative of the total v Na&H;ICN is doubtkss. This inference is quabtativety 
energy at the optimum bond length and xplod by ibe 
factor 2.8.” It is obviously larger &art the corresponding 

consistent with the results of the recent nonempirical 

vzdue for M&N (6.18 mdyn.A”‘q whereas the vake 
caktiations on MeLi and other organometahics.~ 

To decide which of the two energetidy cquivaknt 

krw; Rc.04 ICT: WC Kc*: @ccn *a- *cx 
CNLXXZ 0.770 1u.m 32.265 

Fib St+ 0.275 (2.801 6.5001 (2.86) Il.758 (2.19) 1t I? 2051 
stcod Se+ o.rn @x+5) 5.69 f2Bf J4.51 f2.22) ttt’t raft 
ThildScl 0.064 (1203) 6.3 (274) 14.11 (2.24) 1117 2@51 

found for I& is smaller than that for CIMN 
08.87mdyr~A“f.~ These results support once more the 
suggested carbaniinic structure 6 for metaMed acetoni- 
trik. 

We are aware that the vibrational probkm considered 
here has no unique sohrtionn The normat coordinate 
treatment of the tricyanometbide anion, for cxampk. 
furnished three sets of “most prow force constants 
differing mainly in the values for the C-CnN fragment.” 
A similar result can be obtain& in our case too. A proper 
choice of the most probabk set of force constants, in our 
opinion, should be made on the basis of MO calculations. 
We found &at the calculated p‘-N stretching frequency ir 
very sensitive to the magnitude of the interaction force 
constant Kcc.cN and, vice versa, small changes of the 
dbnai constants &c and KcN require considcrabk 
change of K“C.‘Y,, in order to FCprodUCt the experimental 
frequencies tTabk 2). The semiempirical MO cal- 
cutations however provide a criterion to choose the most 
reliabk vdw of Kcf,ox in spite of the fact that the 
(stretching) force constants cakulated with the aid of. 
e.g. CNDO12 are 2-3 times too large as compared to the 
values given by normal coordinate treatments. A 
reason&k assumption piviq the possibility to make a 
unique choice of the force field F is that the scaling 
factors for the offdiagonal ekments calculated by a MO 
method shoukl be close to the scaling factors for the 
respective diagonal etcments of UK F-matrix (that is, the 
stretching force constants, bending force constants. etc.). 
Thus, assuming the scaiing factor fff~.c~ equal to the 
geometricat meat? q(ocCocN) or ‘+-C.CN = 

(ucc + a&/2, we can regard the Ant of tire three sets of 
force constants in Tabk 2 as most probabk, This choke 
is in good agreement with the recentiy report& cor- 
r&ion d Wii bond indices with the “experimentaJ’* 
&N Md &T fme abmatm in a di?s of &t&S 
containi~ amino-, imino- and n&k groups. 

We used the latter correlation to estimate the changes 
of nitrik force constants on formation of ion pairs with 
Li’ and Na‘ @anar m&anion) 01 covaknt metai- 
loacetonitriks fsp’modef). By the means of our CNfXV2 
calculations we found that these two possibk specks 
have practically the same (gas $hasc) total energies. In 
both cases we used the optimized geometry of the free 
carbanion and neutral acetonitrik and optimized only the 
C-M distances. The latter values teether with the 
Wiberg indices WcN a4 Wry as well as the net charge 
of the metal atom are iistui in Tabk 3. As my be seen, 
the metal net charge varies from 0.3 to 0.44 being larger 
for the sp~models. These rest&s are comparabk with 
the CNDtX2 data for metal ha&es (optimized Me-X 
distances) 0.568 for NaF. O.M3 for NaCI. 0.558 for LiF 
and 0.428 for LXX Thus. we may conclude that the ionic 
character of the carbor~~tal bond in S_iCHXN and 



Tsbbt 3. 

CHlCN LiCHgN NaCH&N %--H&Y 

it.Yg$)) z 
I.893 2.401 
I.944 2.440 - 

w f 
t.s%a 2.74% 2.?Cllf - 

c-y II 2.~246 2.1532 2.4950 

t 1.116[) I.1186 t.tt83 
wew ff - I.2124 t.X)OZ G96 

Cbargcon I * 0.30> 1 +0.4212 - 
tbc metal If t 0.3t43 +O.utn - 

I WI* cu. 2199 CB. 2t7fr 
t~,&n ‘) I1 tn. WJZ co. 2029 ml* 

l hfwumi expefimen(rity. 
‘Data obrrined by us& CplDo optimized distances &,, - 1.190~ aad 

&.c,*, - I.429 A for rctonhik. 
@Data obtained by usina CNOO optimized distancei hn - I.225 ;i mnd 

Rc -ffw, = 1.35s A for the 8atoamilt carbhom. 

(rccarding ta our CNW2 caiculotionsf forms of metal- 
ktcd acetonitrik is the one actually observed in our IR 
m+uonuSnts we employed tbc fact that the changts of 
vcw arc dependent p&ariJy on the changes of Krw and 
KCCR since &t.r~ is practically rhe same for both 
models of MCH$ZN. Tfm, we have 

and may estimate ~CFN on the basis of the corrtiations of 
IC_N amI KCC with the Wibeq indices. The data in Tabk 
3 show that both models, sp and tp’, predict enhance* 
men& of PCN for civil as compprod to Ibe Sodium 
derivatives. This result is in quaiitativt agreement with 
th@ tX~timc!ltal fhii~. Further, WC found that ,+c+, for 

Fii. 3. KR spectra of [CD&Np. 5 x 10 ‘pioa.l- in HMIT. (a) 
counter ion Li’; (b(bf cotmtct ion Na’; tcl cowta ion Y’. 

the sp’-model of MCHXlN should be about 2176 
21Mcm-‘, that is, too high as compared to the cxperi- 
mcnt, The same rn~~~ for tbc ptnnar model gives 
202%2OS5 cm-’ which coincides with the txpcrimcntnl 
result. The calculations for II model with the mctai atom 
situated closely to nitrogen atom predict a drastic r&s- 
tribution of bond ekctron densities (kctcnc imidc rtruc- 
turc, HzCIC=N-M’) and ‘*N-“N isotopic shifts of pcN 
which are inconsistent with the experiment. 

The strong enhancement of the integrated intensity d 
the nitrik absorption on aeon of acetonitrik (-_ 
60x to’ vs 1.3x Id I.m01-‘.cm-‘~ can be satisfactorily 
reproduced by means of MO sakuIatioas ot drfdQ. We 
used an approximate schemc,~ considering the CAIRN 
fnrgmcnt as the only pan of the mokcuk partkipating in 
ttre PC’,., nOMBai mode. t% rtuiltS 1.43 DA-” for 
CH,CN, 3.32 for the sp’-m&t of LiCH$JN &Of for 
THICN and 412D. A- for the rp’-model of LiCHlCN 

arc qualitatively consistent with the experimental en- 
hanctmcnt of the integrated intensity of the observed 
nitrik absorption of metalloacetonitriks. 

The combined cons~~~n of the IR spectra and tk 
results of CNDOl2 and normal coordinate calculations 
demonstrates that the carbon-metal bonding in mom 
alkali metal dcrivativcs of acetonitrik is ckarly of ionic 
type. The structure of the carbanion is preferably planar 
and the a&& counter ion in the contactin ion pair is 
situated close to the carbon atom of the mctbyknc 

Ipoup. 



-Al. 
Acclonitrik-“N was pepand uxording to tk folbWhg 

rbmu; 20% qmn~r sobnion of “NH, (32% cnrichmca0 wu 
us&i: 

(CHrCO)@ + 2”NH,.w 
1 wo 

CH,CO”NH, + CH,CGO”NH. - 2CHrC”N. 

lhc distillation over P,Or pave M&N corrtaininr small 
amounts of AcOH and AC& ‘DK furtbcr puriikn~ion was currkd 
out by anotbcr distillation over octyLuninc. I.4 9 purifkd M&N 
was obrniwd from I g “NH,. 

The metahntion of rrtonitrik was carried out by ndd& UK 
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