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Ma&act-Tbermai electron attachment to EtOzCCHNz produad the parent anion radical EtOZCCHN2: 
(mfz 114). The ion-molecuie reactions of mjz 114 with 30 neutral substrates were examined Using the 
bracketing’mcthod,.PA@tO,CCHN,-) = 355;t4 kcal mol- ’ was determined. The reaction of m/z t 14 
witb CH,SH produced H&IS:, the product of /Mimination of Hi from the thiol. From a series of 
bracketing studies and dctcrmination of the equilibrium constant for the electron transfer (ET) process 

CH,C(=rO)C(~)CH,:+EtO,CCHN, = CH,C(=O)C(~)CH,+EtOrCCHN,: 

RA(EtO,CCHNJ = 19.7 kcal mol- ’ was derived. Roth associative and dissociative ET were observed in 
the reactions of m/z 114 with oertain perbalomethanw (depending on their EA) as well as halogen-atom 
abstraction from R&Xl ,. While no reaction was observed betwam m/z 114 with CH ,CHO or (CH 3 *W, 
m/z 114 reactcxi with artain other ketones and esters (CF,CO,R) mainly to yield enolate anions of the 
/I-keto esters, EtOzCCH=C(O-)R. These enolate anions are believed to be formed by n~leop~c 
addition of C, of m/z 114 to the carbonyl group of the neutral substrate followed by loss of Nz and 
radical /3-fragmentation. 

Our interest in generating, and determining the ther- 
mochemical properties and reactions of hypovalent 
ion radicals (HIRs) played a major role in our entry 
into the area of gas-phase ion-molecule chemistry in 
19’78. HypovaIen~ ion radical mole&es are defined as 
charged radical species which contain fess than the 
number of attached substituents found in the neutral 
free-radical system normally associatal with the cen- 
tral atom of the free radical. Carbene anion radicals 
(R,C :) ate an anionic (HAR) subclass of carbon- 
centered HIR mokcuies which have the electron pair 
of the anion and the spin-unpaired electron of the 
radical formally located on the central carbon atom. 
Thus, R $Z : is expected to behave chemically as a base 
and nucieophile, and as a free radical with kinetic 
and product variations within this subclass of HARs 
dependent on the nature of the R groups. 

Tbe method of generating R,Cr we have used 
involves dissociative electron attachment (DEA) with 
the corresponding diazoalkane (Eq. 1). This method 

R,eN,+e- -[R,CN,:] -c R2C: +N, (I) 

has proven useful for generation of the carbene anion 
radicals C-C5H,:,’ (CF,),C:,* CF,CH:,’ PhrC:; 
and 94uorenylidene :, s and the related nitrogen- 
centered species PhNy6 (from PhN, t e-). The 
ready loss of N2 from the isoelectronic diaxo and axide 
Structures on attachment of low energy ekxtrons 
suggested that this method of generating carbene 
and nitrene anion radicals was reasonably general. 

Two earlier resuits, however, iffustrate different 
limitations to thismethod. Fit%, DEA with t-butoxy- 
carbonyl azide serves as an excellent and clean source 
of N; (Eq. 2). but does not yield the nitrene anion 
radical (CH,),C02CN:. The second result involved 

(CH,)$XC(=O)N,+e- 

-* N ; + (CH ,),COC(=O). (2) 

DEA with dietbyl diaxomalonate (1). In the con- 
densed phase, electrochemical reduction of 1 yields the 
carbene anion radical (EtO,C)F: via intermediate 
formation of the diaxo ester anion radical.’ In the gas 
phase, we observe that 1 undergoes DEA yielding 
the anion m/z 186 (Eq. 3) which is, most likely, the 

(Et02C)2C==N2+e-_;$,[(Et02C)2C:]* 
I 

1 

-. EtO,C-C==tLO+*OEt (3) 
(m/z 186) 

carboethoxyketenyl anion, the result of radical @-frag- 
mentation (loss of *OEt) from the vibrationally excited 
carbene anion radical. These results illustrate the 
points that: 

(a) we must beware of other primary channels than 
simple loss of N2, especially with organic axides, and 

(b) secondary reaction channels can become 
important and destroy the desired HAR species. 

The present study centers on a further limitation to 
the generality of Eq. (1). that of failure to lose N2 
from the intermediate d&o anion radical. This possi- 
bility will depend on the electron affinity of the diaxo 
alkane and the stability of the resultant carbene anion 
radical. We have observed that simple electron attach- 
ment occurs with two diazo compounds in our press- 
ure regime, EtO&CH=N 2 and PhCH=N *, yielding 
the corresponding diaxo alkane anion radicals 
RCHN2- (R = EtO,C and Ph). Our interest in the 
thermochemical properties and chemistry of diaxo 
alkane anion radicals stems from the fact that these 
reduced species are the principal or exclusive reactive 
intermediates formed in the electroreduction of 
diazoalkanes in the condensed phase.’ Thus, our 
ability to cleanly generate and determine the reactions 
of diaxoalkane anion radicals in the gas phase should 
yield more isolation about their the~~h~~i 
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properties and chemistry than is presently possible in 
the condensed phase. In this study, we will deal with 
a variety of reactions observed with Et02CCHN2r. 

JXPEBIMENTAL 

The flowing afterglow (FA) apparatus (Fig. 1) with the 
modular e0w tube used in these investigations has been 
previously described.‘.’ Bricfiy. a small amount of EtO,C- 
CHNl is continuously added to a fast Row of helium buffer 
gas (PH. = 0.5 Tot-r, t7 = 80 m s- ‘, 298 K) via an inlet port 
located just downstream of the electron gun. The diazo eater 
attaches thermal or near-thermal electrons producing a con- 
stant ion signal of EtOrCCHN,: (m/z 114). Excess 
vibrational energy in m/z 114 is removed by multiple col- 
lisions with the butfer gas in the next 35 cm of the Bow tube. 
No signals for SF,: or SF,: were observed by addition of 
SF6 via an inlet located 10 cm downstream of the inlet port 
through which EtOxCCHN, was added. This demonstrated 
that all available electrons were attached and that m/z 114 
was not formed in the Bow tube beyond this point. 

Following thermalimtion of the m/z 114 ions in the fast 
helium Bow, neutral reactant molecules can then be added 
via a gas inlet port and the reactions of m/z 1 I4 with these 
reactants then occur in the tinal 65 cm of the Bow tube. The 
fast gas flow is established and maintained for the duration 
of the experiment by a large, fast pumping system. The Bow 
is sampled at the end of the Bow tube into a differentially 
pumped compartment containing a quadrupole mass Eher 
and electron multiplier which continuously monitor the ion 
composition of the gas Bow. The structures of neutral prod- 
ucts of the ion-molecule reaction are assumed based on 
thermochemistry and mass balance since they are not directly 
observed. 

Kinetics of the ion-molecule reactions of m/z 114 with 
added neutral substrates, N. are determined under paeudo- 
fin&order conditions where the concentration of M is in 
large excess over that of the ion concentration. We maintain 
the m/r 114 ion generation and the 65 cm reaction distance 
as constants, and vary the concentration of N ; at each new 
concentration of added substrate, the signal intensities of 
m/z 114 and that of the product ion(s) are measured. From 
a plot of log m/z I14 signal vs increasing concentration of 
fN) added to the Sow. the resulting linear decay of m/z I14 
is then transformed into the bimolecular rate constant by 
equations aheady given.’ 

The helium used in this study was of 99.99% purity sup 
plied by Welders Products (Topeka, Kansas, USA) and was 
further purified by passage through two traps tilled with 
Davison 4-A molecular sieves cooled with liquid nitrogen 
and then warmed to room temperature in a glass coil prior 
to introduction to the Bow tube. Gas and liquid neutral 
reagents were obtained from standard commercial sources. 
The liquid reagents were distill~I just prior to use and a 
center-cut, constant-boiling-point sample was transferred to 
a gas storage bulb after three freexe-pumpthaw degassing 
cycles. The gas reagents were used directly. 

Ethyl diazoacetate was prepared according to a literature 
method.’ The purilied ester was subjected to three freeze- 
pumpthaw degassing cycles and kept in a liquid storage 
Bask (I 5 ml) with a gas metering valve, an on-off valve, and 
an O-ring joint to allow connection of the flask to an O- 
ring joint at inlet 1 (Fig. 1). Although no difficulties were 
encountered with this diazo ester in these experiments, CACJ- 

TION should always be exercised in the handling of this and 
rclatai diazo reagents. 

BBSULTS 

General considerations. The kinetic and primary 
product data for the ion-molecule reactions of 
EtO,CCHN,: (m/z 114) are summarized in Table 1. 
In all cases, clean pseudo-Erst-order decay plots of 
the log m/z 114 signal vs concentration of the neutral 
reactants were observed. The primary product ion 
distributions in Table 1 are the relative integrated ion 
signals observed from the series of negative ion mass 
spectra taken at varying concentrations of a specific 
neutral reactant ; “variable” means that fast sec- 
ondary ion-molecule reactions are encountered which 
obscure the primary product ion composition. 

Reactions of EtOFCHN,: with potential proton 
donors 

To determine the proton affinity (PA) of EtOz 
CCHNl 7, we examined the reactions of m/z I 14 
with a series of potential proton donor molecules of 
known gas-phase acidity ‘O (entries 1-9. Table I). 
Excluding the results with CH $H (entry 9, Table I), 
the data pertaining to H +-transfer are given in Table 
2 in the decreasing order of gas-phase acidity of the 
HA molecules ; AWtid is the enthalpy change for the 
heterolytic cleavage HA = A- + H+. lo 

Two transitions of H+-transfer to no H+-trans- 
fer are observed in the series of potential H+ 
donors in Table 2. One occurs between CJI,OH 
and CF ,C(=O)CH ,, the second between H zS and c- 
C,H6. The absence of H +-transfer from the carbon 
acid CF,C(=O)CH, can be accounted for by the 
presence of other product forming channels (discussed 
later) being faster than that of H+-transfer. This is 
not without precedence since H +-transfer from many 
carbon acids have been shown to be slow. ’ ’ 

H+-Transfer was observed between Et02CCHNl- 
and H $ as judged by attenuation of the m/z 114 signal 
and formation of HS- (m/z 33). When cyclo- 
pentadiene was introduced to the fast helium flow 
containing m/z 114, neither attenuation of the m/z 114 
signal or formation of any new signal between 4-280 
amu was observed; therefore, k < lo-” cm3 
molecule- ’ s- ‘. To con6rrn that this is the lower end 
of the bracket for PA(EtOzCCHNz:), the slow reaction 
of m/z I I4 with CH 3N0z was observed to yieM only the 
cluster ion at m/z 175, considered to be the hydrogen 
bonded complex EtOzCCHN2~/CHlNOl; if H+- 
transfer between m/z 114 and CH lNOl had been exo- 
thermic or thermoneutral, it should have been 
observed by formation of 0,NCH; or its cluster ion 
OlNCH;/CH,N02. 

The reaction of EtOzCCHNz- with CF3CHx0H 
is interesting in that it involves a cluster-tocluster 
transformation in an anion-switching mechanism” 
shown in Eq. (4). The primary step in this reaction is 

EtO#ZCHNz: +HOCHzCFI + EtOlCCHN2r/HOCH,CFJ 
(m/z 114) (m/z 2 14) 

I CF,CH,OH (4) 

CF#ZHxO-/HOCH2CF,+EtOzCCH1N2- + [Et02CCHNx;/(I-IOCHZCF3)2] 
(m/z 199) 2 
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Fig. 1. Schematic diagram of the Bowing afterglow apparatus. 

Table 2. Reaction of EtO#ZCHN,: with potmtial proton 
donors used to bracket PA(EtO,CCHNJ 

m”’ (HA) 
= PA(A -y 

HA H +-Transfcf (kcal mol - ‘) 

HCO,H Y= 345.2 f 2 
(CF,)+ZHOH Yes 348.4&2 
Cfi,OH Ye 349.8*2 
CF,C+O)CH, IlO‘ 350.3f2 

!&I 
Y= 353.4*2 

CH,NNb, 
no’ 3%.1&2 
IlO’ 358.7&2 

CF,CHIOH no’ 364.4*2 
HCCI, IlO’ 362*6 

*Proton transfer is judged to have occwred by attenuation 
of the signal of m/z 114 rmd formation of the signal for A-. 

‘Ref. 10. 
‘Four addition product channels were observed with this 

neutral. 
dNorePctionwasob3etved;kc IO-“an’mokcut~‘~-‘. 
‘Adduct formation (m/z 114/HA) was ohserved with this 

HA molecule. 

formation of the hydrogen bonded cluster ion m/z 
214. The signal intensity of m/z 214 goes through an 
early maximum in the plot of log ion si 
ing concentration of CF,CHzOH (fp” 

al vs increas- 
ad ed to the flow 

and then decays as the secondary reaction of m/z 214 
with CF’CHzOH yields the a&oxide-alcohol cluster 
m/z 199. Further clustering occurs with m/z 199 and 
additional CF ,CH z0H yielding CF,CH ,O - / 
(HOCHzCFJz (m/z 299). H+-Transfer between 
EtOzCCHNz: and a single molecule of CF,CH,OH 
is endothermic, and, thus, cannot be observed under 
these reaction conditions. However, H+-transfer to 
m/z 114 from the alcohol dimer in 2 will be exothermic 
because of the large binding entbalpy in the homo- 

t Me&9uretnent of the isotope signals was aceomptished at 
tow concentrations of added CH ,SH, so that the H +-transfer 
(JQ. 6) was not yet important. 

1 While the electron atlinities @As) of simple carbonyl 
containing molecules, e.g. HFO, CH,CHO, and 
(CH m, are negative, ’ ’ Professor Burrows (private com- 
munication) ittfotms us that the corresponding thiocarbonyl 
dcrivativa lould hd= signii%ant positiw EAs. 

OFonnationoFH~:(m/z46)hPs~bstnobservedia 
the ion-molecule &on of CF,C!H: +CH,SH.” 

conjugate cluster ion m/z 199 (D(CF,CHzO-/ 
HOCH$ZF,)-24 kcal mol-‘).‘* This result 
further supports the above conclusion that 
PA(EtO,CCHN z:) = 355 f4 kcal mol- ‘, the bracket 
established with H zS and c-C,H, as the upper and 
lower limits, respectively. 

A very slow clustering of EtOzCCHNz: with 
HCCI, (reaction 8, Table 1) was also observed. 

Reaction o/EtOzCCHNz: with CH’SH 
The reaction of EtOzCCHNz: with CH,SH was 

studied from the simple approach of using CH ‘SH as 
a potential proton donor (AH;ci* = 359.0*2 kcal 
mol-‘).I0 Although formation of the conjugate base 
CH,S- was observed, it was clearly formed in a sea 
ondary ion-molecule reaction. The primary process 
was formation of the negative ion m/z 46 withisotope 
signals at m/z 47 ((M+l); ~1%) and 48 ((M+2); 
4%) which establish the presence of one C and one S 
in this anion;t the remaining 2 amu must then be two 
Hs. We assign the structure of this negative ion as the 
thioformaldehyde anion radical, HzCS: .$ The overall 
transformation of CH,SH to HzCS- requires the /?- 
elimination of H; from the thiol (Eq. 5) in (I sing/e 

EtOzCCHN, - + CH ,SH 
(m/z 114) 

-(i;;$+(EtOzCCHN,:+H;) (5) 
3 

collision encounter with EtOzCCHNz- .$ The sec- 
ondary reaction of H&S : with CH ,SH giving 
CH$- (Eq. 6) proceeds by either H+ or H-atom 
abstraction 

HzCS: +CH,SH + CH,S- +CH,S. (6) 
(m/z 46) (m/z 47) 

Several possibilities exist for the structure of 
the neutral product 3 formed in Eq. (5). Two struc- 
tures would be the hydrazone EtO,CCH=NNH 2 
(H; addition to N,,of m/z 114) and the diazine 
EtOzCCHzN=NH (1,3-addition of Hi to m/z 114). 

A third possibility is that the neutral product is 
the result of fragmentation yielding CH $O,Et +- N z. 
This method of generating the neutral product 
may be the result of the low S-H bond 
energy (D(CH,sH) = 91.8&2 kcal mol-‘)I’ and 
relatively high acidity. While the source of the H- 
atom and of the H+(C-H or SH) from CH,SH 
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are unknown, the most likely intermediates to 
undergo the necessary fragmentation reaction (loss 
of Nz) are EtO,CCH,N,* (+EtOzCCHz*+NJ or 
EtOzCCHzN; (+EtO,CCH; +NJ. H+-Transfer 
between Et0zCCHN2: and CH,SH is endothermic 
by 4 kcal mol - ’ and could only occur in the excited 
collision complex [EtO&I-INz~/HSCH,J* which 
would be stabilized by ion-dipole and ion-induced 
dipole forces with a potential energy weH depth of 
10-20 kcal mol- ‘. If this is the mechanism opetating 
here, D(EtO,CCHrH)t must then be greater than 
D(SCHz-H) to complete the sequence. Related 
arguments apply if the sequence proceeds via initial 
H-atom transfer followed by H+-transfer. We favor 
this explanation, but the tirst two possibilities con- 
sidered above cannot be ruled out. 

Reactions ofEtOzCCHNz: with certain halomethanes 
Tbereactionofm/e 114withICF,(EA = 157f0.2 

eV)” produced mainly I- along with 3% ICF3: (Eq. 
7). Formation of these two product ions and their 

I- +CF, 

(m/z 127) 
(0.97) t 

EtOzCCHNz~+ICF,+(ICF~:]++EtO+X-INz 

to.o& 
ICF,: 

(m/z 196) (7) 

distribution is that expected for an exothermic elec- 
tron transfer to ICFl by EtOzCCHNz:. 

The reaction of EtOzCCHNz: with BrCFJ 
(EA = 0.91 f 0.2 eV) ” was very slow (reaction 11, 
Table I), and yielded Br - (major) and a minor amount 
of an apparent ion-dipole complex Br-/BrCF, (m/z 
227, 229, 231). However, we were surprised to tind 
that the sum of these negative ion products accounted 
for only -25% of the EtOzCCHN,: ion signal 
decayed by the addition of BrCF,. That this “loss” 
of product ion signal was not the result of electron 
detachment was shown by the absence of formation 
of SF6: when SF6 was added to the flow containing 
m/z 114 prior to addition of BrCF,. As previously 
pointed out in the Experimental, EtO,CCHN,: does 
not electron transfer to SFb. 

No reaction was observed between m/z 114 and 
ClCF,. 

The fast reaction of EtOzCCHNz- with BrCCl, 
(reaction 13, Table 1) produced Br-, Cl-, Cl-/ 
EtOzCCHNz, C13C-, and Ci,CBr- in the distribu- 
tion shown in Eq. (8). In our FA experiments, attach- 

was shown to form an adduct with EtOzCCHN,, 
but Br- did not react with the neutral diazo ester. 
Formation of Cl&- cannot be the result of dis- 
sociation of [BrCCI, :I* because of the lower EA 
of Cl,C (1.43 eV)‘* compared to those of Cl- 
(3.615 eV)‘O and Br (3.364 eV).19 

The ratio of Br-/Cl- (95/S) formed in reaction 13, 
Table 1 (E!q. 8) is that observed from dissociative 
electron attachment to BrCC13. The additional 19% of 
Cl -/Et02CCHN2 is believed to be derived by selective 
interactionofthediaxoesterwithC-Clbondsinthe 
excited collision complex [(BtCCl,/Et02CCHNJ:]*. 
The other two product ions, Cl +Z- and Cl,CBr -, 
appear to arise by Br- and Cl-atom abstraction, 
respectively, from BrCCl, in the collision complex. 
This explanation requires that atom abstraction and 
electron transfer, the latter most probably being endo- 
thermic, are competitive in the vibrationally excited 
collision complex. 

The reaction of diaxo ester anion radical m/z I14 
with CCI, proceeded exclusively by dissociative elec- 
tron transfer and produced the negative ions Cl _ (m/z 
35, 37) and the cluster Cl-/Et02CCHN2 (m/z 149, 
151). The majority of the cluster ion m/z 149, 151 is 
believed to be formed by association of the neutral 
diaxo ester to Cl - generated in the dissociating, tran- 
sient collision complex [CCI,:/Et02CCHNJ*. 

No reaction was observed between Et02CCHN2: 
and CH,Br. The very slow reaction of m/z 114 with 
CHJ yielding I- was just measurable at the lower 
limit of our FA experiments. It is not possible to 
tell whether this is the result of S,.,2 displacement or 
dissociative electron transfer (EA(CH ,I) = 0.2 f 0.1 
eV).20 

Reactions of EtO,CCHN 2 7 with carbonyl containing 
molecules 

Aldehydes and ketones. No reaction was ob 
served between EtO,CCHN 2: and CH &HO or 
(CH,),c=O. Reaction of m/z 114 with the adiketone 
biacetyl (reaction 19, Table 1) occurred with a modest 
rate constant and produced two primary product 
negative ions m/z 129 and 86 (Eq. 9). Ion m/z 129 is 
considered to be the stable enolate anion of ethyl 
acetoacetate formed by addition of C, of m/z 114 to 
a carbonyl group of biacetyl followed by loss of N2 
and radical g-ft@nentation of the acetyl radical. The 
ion radical m/z 86 has two possible isomeric struc- 
tures : 

(a) the carbene anion radical EtO,CCH 7 or 
(b) the biacetyl anion radical. 

(O.J3) 

(0.22) 
EtO,CCHN 2 : + BrCCl 

ii 

Br- @a) 

Cl- +Cl-/Et02CCHN2. (8b) 
(0 13) 

Cl&- w 

(0. 12) 
CI,CBr- (8d) 

ment of thermal and near-thermahxed electrons to 
B&Xl, is dissociative yielding a mixture of Br - 
(94%) and Cl- (6%). In separate experiments, Cl- The structure EtO,CCH: is r&d out.m this case 

since the carbene anion radical would be expected to 
t D(EtO,CCH&T) shouldbe approximately that of ace- react rapidly with neutral biil and produce the 

tone. D(CH,C(=O)CH+H) 4 98.0f2.6 kcal mol-‘.‘6 enolate anion m/z 129 and/or H’-transfer. and thus, 
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(O.lT) 

r- Et02CCH=C(O-)CH,+N,+CHJID 
(m/z 129) 

EtOzCCkiN2: +(CH,C(=O)) 
(m/z 114) 1 

I 
I 

(0.23) 
* CH 3C(==O)C(=QCHf r + EtO,CCHN, (9b) 

(m/z 86) 

would not be observed.t On the other hand, the bi- 
acetyl anion radical is a long-lived species readily 
formed by electron attachment to biacetyl (ES = 
t 6.7 kcal mol - I)” in our FA. 

The fast reaction of anion-radical m/z If4 with 
(CF,),C%O (reaction 20, Table 1) occurred by the 
two mechanisms outlined with biacetyl, but with an 
inverted branching fraction @.q. 10). The greater 

(0.20 

EtO,CCHN2: +(CFJ)z 
(m/z 114) 

~ 
(0.75) 

amount of electron transfer in this reaction yielding 
(CF 3) 2CO r compared t0 that with biacetyl is reason- 
abk because EA((CF,),m) 0~ 35 kcal mol- r$ is 
approximately twice that of biacetyk In fact, it may be 
considered rather remarkable that any of the product 
channel (lOa) forming enolate m/z 183 is observed 
with the exothennic electron transfer channel (lob), 
6EA Z 18 kcal mol - ‘. 

The reaction of EtozCCHNz: with 
CF&%=O)CH3 (reaction 21, Tabk 1) occurred at a 
rate slower than that observd with (CF,),CLO. 
The major products @iis 1 la and 1 lb) were the 

(0.61) 

r (0.25) 

EtOzCCHT&~+CF3C(=O)CH 
(m/z 114) 
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Pa) 

enolate anions EtOzCCH=C(O-)CH, (m/z 129) and 
Et02CCH==C(O-)CF, (m/z 183) considered to be 
formed by addition/fragmentation mechanisms simi- 
lar to those involved in producing these enolate 
anions in the above reactions of m/z 114 with 
biacetyl and (CF3)2C-=0 in Eqs (9a) and (lOa). 

EtO,CCH=C(O-)CF,+N,+CF, 
(m/z 183) 

(loa) 

(CF&CO: +Et02CCHN, 
(m/z 166) 

(lob) 

However, two unusual minor product ions were also 
formed, m/z 207 (adduct-+) aad 206 (adduct 
-HF). Both of these product ions incorporate the 
N, entity. The structures of m/z 206 and 207 are 
unknown as, of co-, are the mechanisms by 
which they are formed ; it. seems probable that N, of 
EtO&.C,HN,N,: originally binds to carbon or 
oxygen of the carbonyl group of this ketone com- 
petitive with C, binding to the carbonyl-carixrn 
which leads to m/z 129 and 183. 

Et02CCH==C(O-)CH,+N2+*CF3 
(m/z 129) 

EtO2CCH~(O-)CF3+N2+*CH3 
(m/r 183) 

@la) 

(1 lb) 

m/z 207 + *F 

----+ m/z 2Q6+HF 

(1 lc) 

(1 ld) 

t McDonald and Chowdhuty” showed that PhN: reacted 
with biac&yi ~44% of the oolJ&on limit produchg 98% 
WN=C(O-)CH, tbc addition/fragment&on product, and 
2% CH+=qO-)C+QCH,..the product of H+-traasft. 
Other rwnrftz ia McDonald’s group establish that the cnrbeae 
anion xadhls PJI,C:,~ (CF3)1C:,’ and CF,CH:“*’ react 
rapidly with bhxtyi by the ~~on/~~~ti~ and/or 
H+-traas&rNLhmdmr 

$Mc~~ClJs&dhury~‘obarrvsdminorf~osl 
of (CF,),CO:‘ia timaction of PIN: with (CF,);c;o; 
EA(PhN’) = 33.7 kc4 mol- l.lS 

Esrers of CF,COzH. The slow reactions of 
EtO$XHN,~ with CF,CO,R where R = CH, and 
CzHS (reactions 22 and 23, Table 1) produced the 
same product enolate anion EtO&CH=C(O-)CF, 
exclusivdy @q. 12). Reactions of m/z 114 with 
other esters (e.g. NC0 FH3 and CH 3C0 FH 3) were 
~t~~~~~~.~~~~~~ 
CF,COzR, and since no matsur8bka reactions were 
observed with the more ntactive urbonyl arm- 
pounda CM&HO and (CH~),CZO.~’ 
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Et02CCHN2T +CF,C02R 
(m/z 114) 

-. EtO,CCH=C(O-)CF,+N,+-OR (12) 
(m/z 183) 

Reactions of Et02CCHN2: with other neutral mol- 
ecules 

Et02CCHN2: reacted with NO2 @A = 53.3 
kcal mol- ‘)” by electron transfer forming NO;/ 
EtO,CCHN, (Eq. 13). The cluster ion is probably 

energy deposited in C,H,N,: in the electron transfer 
in Eq. (17) is (EA(c-C,H,=N2)-EA(EtO,CCHN,) 
-(excess vibrational energy residual in JZtOFCHN& 
which is less than D(c-C,H;-N,-): This is import- 
ant in that we will be able to directly compare the 
thermochemical properties and reactions of a carbene 
anion radical (c-C5H,:)’ with those of its precursor 
diazo anion radical (c-C5H,N2-) for the first time. 

No reaction was observed between EtO,CCHN,: 
and PhN,, hexafluorobenzene (&Fe), or SF,. 

(0.94) 

--I-- 

NO, + EtO,CCHN, 
(m/z 46) 

EtO,CCHN,: +NO (13) 
(m/z 114) 

I HI 

(0.04) 
NO./EtO,CCHN, 

the hydrogen bonded structure involving the mod- 
estly acidic C.-H of the neutral diaxo compound. DISCUSSlON 

The fast reaction between EtO,CCHN, 6 and SO2 Thermochemicalproperties o/EtOQXN2: 
(reactions 25, Table 1) formed SO,: (m/z 64). the Using the bracketing method with the series of 
product of electron transfer, and a substitution pro- potential proton donors listed in Table 2 PA 
duct Et02CCHS02r (m/z 150) (Fq. 14). Formation 

A-- 
SO*- +EtO,CCHN, (14a) 
(m/z 64) 

EtOFCHN,; +S02 --) (EtOQXNJSO,: _ _ 
I Et02CCHS02: +N, (14b) 

(m/z 1%) 

of m/z 150 is the result of the ion molecule reaction 
of SOZ: with EtO,CCHN,. The data suggest that 
the primary product forming channel in Eq. (14) is 
electron transfer (Eq. Ma) followed by the secondary 
ion-molecule reaction in Eq. (15) forming m/z 150. 

SO*- +EtO,CCHN, + Et02CCHS02: +Nz (15) 
(m/z 64) (m/z 150) 

The reaction of m/z I 14 with Fe(CO), (reaction 26, 
Table 1) was carried out to see if this “soft” electron 
transfer method would yield the 19-electron parent 
(OC),Fe :. However, only the product of dissociative 
electron transfer, (OC),Fe:, was observed (Eq. 14). 

EtO,CCHN 2 - + Fe(CO), 
(m/z 114) 

--, (OC),Fe: +CO+EtOFCHN, (16) 
(m/z 168) 

An intriguing result was obtained from the reaction 
of EtO$CHN,: with the diazo compound c- 
CTHiNz (reaction 27, Table 1). Although the rate 
of this reaction was not measured, it appeared to be 
fast with the exclusive production of the anion radical 
m/z 92, c-C$14N2- (Eq, 17). With thermal elec- 

-rc-C$14N2:+Et02CCFfN, (1.7) 

trolls. c-CJH,=Nz undergoes dissociative electron 
attachment yielding exchts+b the carbene anion 
radical c-&H,: ; ’ therefore, RA(c-&H,=Na> 
D(c-C,H;-N,-). Howevlr,,in the present case, the 

(Et02CCHN2~)=355f4 kcal mol-’ was deter- 
mined. The transition between H2S and &J-I‘ gave 
this value. The interesting and unusuaJ /Mimination 
of HZ from CH,SH by Et02CCHN2: producing 
H,CSr was preaentedin the Results. 

The fast electron transfer reactions between 
EtOQXN2: with NO*, ICF,, (CF,)*m, and 
SO, (Table 1) yielding the parent anion radicals of 
these neutral molecules are summarized in Table 3. 
These results establish EA(EtOFCHN*) < 25 kcal 
mol- ’ (= EA(S03). 

The slow reaction (k,, = 2.4x lo-” cm’ mol- 
ecule- ’ s- ‘) of EtO,CCHN,: with biacetyl (reaction 
19, Table 1) where electron transfer was 23% of k,‘,’ 
(k,, = 5.5 x lo- ‘*cm’ molecule- ’ s- ‘) was indicative 
of a somewhat endothermic charge transfer process. 
This suspicion was determined to be correct when we 
found that electron transfer between CH,C(=O) 
C(----O)CH,: and Et02CCHN2 (Eq. 18) was fast 
(k, = 8.3 x lo-” cm3 molecule- ’ s- ‘). Since we have 
the forward and reverse rate constants for the equili- 
brium electron transfer in Eq. (18). we 

CH,C(==O)C(==O)CH,~ +Et02CCHN2 

+Et0,CCHN2r +CH,C(=O)C(=O)CH, (18) 

&date K= &/jr, = IS1 and AC” = -2.97 kcal 
mol- ‘. Assuming As” is very small in this e&- 
librium, -AC” _ -AH” = EA(EtOFCHN&EA 
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Table 3. Summary ofdcctron uansfcr (ET) reactions between W0,CCHN2: and neutral subatra(ss 

Neutral 
%&mratc 

EA (kcal mot - ‘) 
of neutral 

Expectal 
product(s) 

of ET 

Is ET 
product(s) 
observai? 

NOz S3.T NO, Yes 
ICF, 36.2k4.6’ I-, ICF,: Yes 
(CF,)>w -35” (CF,),CO: 

25.3kO.8’ 
YeJ 

~2,C(=O)C(=o)CH, 
SO,: Yes 

16.7’ CH ,C(=QK(*KH, : YM 
SF1 23jr4’ SF,: ll0 

(26 >41.5&6.9’ C66: DO 

t41‘ 

*Ref. 22. 
*Ref. 17. 
‘See footnote $ on p. 6259. 
‘R. J. Celotta. R. A. Bennett and J. L. Hall. J. CApm. Phys. 60, 1740 (1974). 
‘Ref. 24. 
‘Ref. 23. 
OSee footnote $ on p. 6261. 

Electron transfer from EtO,CCHN,- to SF6 
(EA = 23&4 kcal mol- I)** was not observed. While 
SF, rersdily attaches thermal electrons,” the ahfence 
of electron transfer to SF6 in this case is probably 
associated with the considerable geometry change 
expected for the anion SF67 compared to that of 
the neutral SF, with intersection of the two potential 
curves.t”*‘* This explanation has been suggested for 
the fact that ~~uoromethyl~yclohex~e (C,F , ,) 
“does not accept electrons from A- even when the 
electron affinity of A is much lower than that of 
C7FI,“.22 Possibly this factor also explains the 
absence of electron transfer from Et02CCHNz: to 
bexafluorobenzene$ observed here, but such a geo- 
metric change in C6F,: compared to C6F6 is difficult 
to imagine. 

lectern of rhe reactions of Et02CCHN,: with 
neutrd substrates 

TWO different mechanisms were considered for the 
reactions of EtO,CCHN *: with H +donor molecules 
and carboayl containing substrates. The Brst mech- 
anism would involve the intact structure d&o anion 
radical structure shown in Eq. (19) for H +-transfer 

Et0,CCHN2:+HA+((EtOICCHN2..H..A)-]* 
4 

-+A-+Et02CCH2N2* (19) 

with a HA mokzule via formation of the excited col- 
lision complex 4; here we assume protonation occurs 
on C, of the d&z0 anios radi& Since the formation 
of ion-neati collision complexes such as 4 is attract- 
ive with well depths of 10-20 kcal mol - ‘, if this energy 
excee& D(EtO,CCH --N2*) N, would be lost lead- 
ing to a complex of the carbene anion radicat and HA 
(Eq. 20). In this latter possibility, H+-transfer from 

4-+[(Et02CCH-mH..A)-]*+N, (20) 

HA would depend on PA(EtO,CCH:) which could 
differ significantly from PA(Et02CCHN2 7). How- 
ever, observation of the hydrogen bonded clus- 
ters Et02CCHN2:/HA where HA = CH,N02, 
HOCHFF,, and HCCl, demonstrates that the pro- 
cess in Eq. (20) is not important in the H+-transfer 
reactions and should not play a role in the reactions 
of the diazo anion radical with carbonyl containing 
molecules. Therefore, the results described herein 
involve the thermochemistry and chemical reactions 
of Et0 ,CCHN 2 7. 

The majority of the results described for the reac- 
tions of Et0,CCHN2~ with ketones and esters for- 
ming stabilized enolate anions derived from jLketo 
esters are conveniently summarized as involving addi- 
tion/fm~~~tion me&ax&ms. We consider that the 
C, of Et02CC,HH2: adds nucleophilically to the 
carbonyl center of the neutral yielding an excited 
adduct5(Eq.21).LossofN2fromScouldhestepwiseor 

[EtO,CCH(N,.)C(O-)R,RJ -* EtO,CCH=C(O-)R, +*R,+N, 
51 (21) 

EtO&CH=C(O-)R2+*R,+N2 

t We have observed that electron transfer between 
CH&(=O)C(~)CH,: and SF* can be observed, but it 

concerted with radical /3-fragmentation of R, or R2 

rcquins addition of large concentrations (> IO” mol- 
yielding the observed conjugate bases of the /%keto 

cculcs/cm~ of SF, to yield SF,:. 
esters. Since these are the same products that would 

:Lifshitz CI oi.” assigned E&&F,) > 41.5k6.9 kcsl 
be formed by reaction of the carbene anion radical 

mol- ‘. Based on the 8bscace of electron transfer from 
EtO,CCH 7 with these carbonyl containing neutrals, 

c-C& (E%(c-C&) = 41.2f0.5 kcal mol-‘)” to &PC such product fotmation cannot be utilized in the con- 

Jz.A(Cdii&) < 41 kall lno1-’ was suggcalcd.” densed phase to distinguish betwan R2CN2: and 
#See Ref. 7 for a dial&on of the controversy sur- RF 7.3 This point should be further clarified by a 

rounding iatemudiq of R&Z- vs R&X,: by elcctro- 
reduction of diazo aXnpou& in the coadcmcd phase. 

separate study of c-C,H,N 2~ and comparison of the 
results with those reported for c-C sH, : . ’ 
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