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Theoretical Study on Unimolecular Reactions of Acetyl Cyanide and Acetyl Isocyanide
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The potential energy surfaces of acetyl cyanide and its functional isomer acetyl isocyanide in their electro
ground state have been investigated using ab initio molecular orbital MP2(FU)/6-311G** and QCISD(T)/
311G** calculations. The molecular eliminations of gEOX (X = CN,NC) to CHX + CO, HX+ CH,CO,

and CH + HCOX, the unimolecular rearrangements toCHOX and CHO—CX carbenes, 1,3-hydrogen
migration to CH=C(OH)X, 1,3-methyl migration to C#NCCO, and radical decompositions to X CH;CO

and CH* + COX have been examined. Also the secondary decomposition processes of COCN and CO
radicals in their ground states and the secondary elimination of HX fros=CKOH)X have been investigated.
Cyanide-isocyanide isomerization is found to be the predominant channel in the unimolecular reactions
acetyl cyanide. Despite being exothermic, the decomposition of acetyl cyanide ig@NCH CO is found

to be kinetically unfavorable. Decomposition into HENCH,CO, the reverse reaction of GEOCN synthesis,

is found to be a preferred dissociation pathway and is expected to compete at high temperatures with
1,3-hydrogen migration, yielding cyanovinyl alcohol. The barriers for the rearrangement processes to carbe
in acetyl isocyanide are quite high in contrast to those of acetaldehyde and fluoroformaldehyde. The la
magnitude of the reverse barrier from the carbenes to acetyl cyanide suggests the stability of the carbe
In the ground state of CI€OX, the CH—C bond cleavage is found to be more facile compared to the
C(O)—X bond cleavage. The secondary dissociation from CONC requires a rather small barrier, and b
cyanide and isocyanide forms are found to have very similar potential energy surface.

1. Introduction acetyl halides.

Unimolecular dissociation dynamics of small polyatomic .
molecules have evoked considerable attention, both theoretically CH,C(O)CN— CO+ CH,CN @
and experimentally. A qualitative understanding of a chemical
reaction and the ability to predict the branching between the
energetically allowed product channels are the points of interest
in this area. Formaldehydeacetaldehydé? acetyl chloride’
and fluoroformaldehycfeare the few prototypes of the carbonyl

compounds in which photochemical and thermal dissociations, % . .
involving the ground- and excited-state surfaces, are studied Recently, Okado and Saftostudied thermal unimolecular

extensively by both experiment and theory. Acyl cyanides are '€actions of CHC(O)CN diluted in Ar behind shock waves over
also carbonyl compounds containing, in particular, a multiply the temperature range 1034300 K, and they have not

bonded substituent. Hence, their thermal and photofragmen-OPserved CHCN, one of the products of decomposition (a)
tation pathways and dynamics could well be different from those OPServed by Bennett et &l.These authors also performed ab

of the family of much studied carbonyl compounds containing initio calqulations using a gmall split valence ba_si_s set (3-21G)
first-row substituents. The first member of the acyl cyanides and confirmed that the unimolecular decompositions are ener-

family, formyl cyanide HC(O)CN, has been synthesfén getically less favorable compared to the [somerization to acetyl
1987. Bevan et & reported a lifetime of 45.5 h, and they |socyan|Qe1. On the other hand, the major product of 193-nm
established the fact that HC(O)CN does not undergo a spontanePhotolysis* of acetyl cyanide was found to be the CN radical.
ous unimolecular decomposition to HGN CO. Theoretical | "€ Photolysis results were explained by two primary decom-
calculations by Wang et &.on HC(O)CN attribute its weak ~ POSition channels producing GBO + CN and CH + COCN,
stability to the facile decarbonylation giving HCN at high respectlvely_, WIFh the first channel being predominant. Although
temperatures. However, the next member, acetyl cyanide, is2c€t! Cyanide is a very common molecule, as can be seen, very
thermostableat ca. 350 and has been catalytically synthesized lIt€ iS known of its various possible thermal and photochemical
at this temperature from ketene and hydrogen cyanide. Thedecomposn'lon and rearrangement klne.tlcs.. To gain a better
breakdown of acetyl cyanide at ca. 4%0 was investigated by understan(_jl_ng of the m_echanlsm an(_j kinetics of its gas-phase
Bennett et af.who found that the reaction proceeded predomi- d€composition, we carried out a detailed theoretical study, ata
nantly via decarbonylation (a) as observed in formylcyanide and Nigh level of theory, of the isomerization and decomposition

However, scission to ketene and hydrogen cyanide (b) was also
found to be competitive.

CH,C(O)CN— HCN + CH,CO ®)

channels.
T On leave from Manonmanium Sundaranar Univerisity, Tirunelveli-627 In this paper, we consider the possible decomposition and
002, India. rearrangement channels on the ground-state surface of botf
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SCHEME 1

CH,CO +HCN

CH 3NCCO

CH,_C(OH)CN
2 (1A)

CN +CH,CO
(9A)

CH;0CCN
(6A)
CH_=CHOCN —=—— CH,COCN COCN +CH
7 8A) sa) (104)3

CH, *+ HCOCN
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CH,CO +HCN
(34)

CN + CH3+CO
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CH2CO + HNC
(33\
CH,_C(OH)NC
2 (78)
CH3 OCNC
NC +CH,CO 6B)
(9B) CH3CONC —= CH,_=CHONC
(5B) 2 (8B)
CONC +CH
(10B)
HCONC + CH2
(4B)
CH,CO +HNC
(3B)
CH3NC + CO
/ (2B)

CH,C(0)CN—= CH,C(O)NC
IB

1A

CH3COCN and CHCONC. The various molecular decomposi-

tion channels are

CH;CN + CO  (2A)
CH;C(O)CN (1A)€ HCN + CH,CO (3A)
CH, + HCOCN (4A)
CH;NC + CO  (2B)
CH;C(O)NC (113)6 HNC + CH,CO (3B)
CH, + HCONC (4B)

barriers to the unimolecular rearrangement pathwiays5B,

6A, and6B are critical to isolation of these carbene isomers.
There is experimental evidence for such isomers derived from
formaldehydé&? and formyl fluoride® The purpose of this work

is to determine the barrier heights for the above-mentioned
unimolecular dissociation and rearrangement processes. A
comparison of the results has been made with the earlier ab
initio results reported for the HFCBCH;COCI# CH;CHO2

and HC(O)CN decompositions. When this article was under
preparation, we came across a recent study df 8o the
unimolecular reactions of acetyl cyanide. In his work, So has

The various isomerization channels considered for investigation considered a few of the channels studied here, nar@8ly3A,

are

CH;C-OCN  (5A)
CH;0-CCN  (6A)

CH;C(O)CN (1A
CH,C(OH)CN (7A)
CH;NCCO  (12A)
CH;C-OCN (5A) CH,=CHOCN (8A)
t CH;C-ONC  (5B)
CH;C(O)NC (1B) CH;0-CNC  (6B)
C: CH,C(OH)NC (7B)
CH;C-ONC (5B) — CH,=CHONC (8B)

in addition to CHC(O)CN (LA) — CH3;CONC (1B) isomer-

5A, 6A, 1B, and2B formation and optimized the structures at
the MP2/6-31G* level and computed energies at the G2 level.
They have not considered the competitive isomerization to
cyanovinyl alcohol TA) and its decomposition to HCN-
CH,CO and HNC+ CH,CO. Such an isomerization was
found!® to play a major role in the kinetics of acetic acid
decomposition, and the ketene formation in acetic acid was
found to proceed completely via the 1,1-ethenediol intermediate.
Hence, we wish to present here a more complete potential energy
surface comprising all possible isomerizations and dissociations
starting from CHC(O)CN and CHC(O)NC molecules.

2. Computational Methods

All calculations were performed using the GAUSSIAN 94
programt® Optimized geometries were determined at the
second-order perturbation theory level by taking all electrons

ization. We also examined both primary and secondary radical into correlation, which we represent as MP2(FU), and by using

decomposition processes, namely,

CH;C(O)CN (1A) CH;CO + CN  (9A)
C CH; + COCN  (10A)
CH;C(O)NC (1B) CH;CO + NC (9B)
C CH; + CONC (10B)
C(O)CN (10A) —» CO+CN (11A)
C(O)NC (10B) — CO+NC (11B)

arising from CHC(O)CN and CHC(O)NC molecules. The

the 6-311G** basis set. The stationary points were characterized
by vibrational analysis at the MP2(FU)/6-311G** level. The
unrestricted HartreeFock method was adopted for the open-
shell systems. Single-point electronic energy calculations using
QCISD(T)/6-311G** wave functions were also executed using
MP2/6-311G** geometries to obtain the improved thermo-
chemical parameters.

3. Results

All channels investigated in this study are shown in Scheme
1 along with their product numbers to facilitate the discussion.
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In general, all products arising from GE(O)CN are labeled
A, and those arising from GG&(O)NC are labeled. The

transition structures are numbered with both the reactant and

product numbers. The MP2(FU)/6-311G** optimized geom-
etries of acetyl cyanidelf) and the unimolecular rearrangement
products from acetyl cyanide, namely, cyanohydroxymethyl-
carbene A), methoxycyanocarbené4), cyanovinyl alcohol
(7A), and vinyl cyano ether8@), are given in Figure 1. The
corresponding rearrangement products of acetyl isocyahigle (
namely, isocyanohydroxymethylcarben&Bj, methoxyiso-
cyanocarbene 68), isocyanovinyl alcohol {B), and vinyl
isocyano ethergB) are shown in Figure 2.

In general X/Y refers to a transition structure (TS) connecting
both X and Y equilibrium structures. The transition structures
for the molecular decompositiodA/2A, 1A/3A, and1A/4A)
and rearrangemenfLA/1B, 1A/5A, 1A/6A, 1A/12A, and 1A/
7A) products from1A are presented in Figure 3 along with
5A/8A, while those ofLB are shown in Figure 4. The transition
structures TA/3A, 7A/3B, 7B/3A, and7B/3B) for the secondary
elimination of HX from CH=C(OH)X are presented in Figure

Sumathi and Nguyen
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Figure 1. MP2/6-311G** optimized geometries (in A and deg) of the equilibrium structures of acetyl cyaileoyanohydroxymethylcarbene

(5A), methoxycyanocarben®A4), cyanovinyl alconol TA), vinyl cyano ether §A), and methyliminoethanon&2A). Numbers in brackets and
parentheses refer to the experimental values and the parameters corresponding to the trans conformers, respectively.

4. Discussion

The ab initio and experimenfdlbond lengths and angles of
acetyl cyanide are shown in Figure 1. The theoretical bond
lengths agree to a reasonable extent with microwave data.
Horwitz et al!! have obtained a better agreement by using a
much larger, 6-311G(3df,3pd), basis set. Considering the
investigation on the more extended potential energy surface,
we have confined ourselves to the 6-311G** basis set. The
calculated molecular rotational constants for acetyl cyanide are
A=10.132,B=4.117, andC = 2.982 GHz and are in good
agreement with the experimental microwave #atd 10.243,
4.164, and 3.015 GHz. The calculated-C bond length of
1.483 A indicates a partial double bond character, as it is shorter
than the G-C single-bond length in ethane (1.543 A) and longer
than the &C length in ethylene (1.339 A). All 18 normal
modes of acetyl cyanide are infrared-active and they transform
as 124and 64 modes under the symmetry operations of the
C; point group. The normal mode analysis of acetyl cyanide
was first carried out by Bell et &P.at the Hartree Fock level.
Horwitz et al® have reported the frequencies of acetyl cyanide

5. Figures 6 and 7 graphically summarize the major findings at the frozen core MP2 level with a larger 6-311G(2d,2p) basis
of this work. The energies in Figures 6 and 7 are shown relative set. In our calculations, the characteristieel8, C=0, and

to that of acetyl cyanidel®) with the zero-point vibrational

C—C stretching vibrations were calculated to occur at 2166,

energy corrections. At all other stationary points the zero-point 1762, and 1218 cni, respectively. Experimentally the

vibrational energy corrections are made at the MP2(FU) level.

corresponding vibrations were found to absorb at 2229, 1740,

Table 1 lists the heats of reaction and activation barriers for all and 1178 cm?, respectively.
the processes considered. The energies used in the discussion The characteristic harmonic vibrations of acetyl isocyanide

correspond to those obtained from QCISD(T)/6-311G**//MP2-
(FU)/6-311G*+-ZPE(MP2) calculations, unless otherwise stated.

(1B), namely N=C, C—N, C=0, and C-C stretches are
calculated to be 2101, 1198, 1837, and 746 §mespectively.

The harmonic vibrational frequencies of all the stationary points However, no experimental spectoscopic data on acetyl iso-

are provided as Supporting Information.

cyanide are available for comparison. It is worthwhile mention-
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Figure 2. MP2/6-311G** optimized geometries (in A and deg) of the equilibrium structures of acetyl isocyaijéspcyanohydroxymethylcarbene
(5B), methoxyisocyanocarben6R), isocyanovinyl alconol{B); vinyl isocyano ether§B). Numbers in parentheses refer to the trans conformer.
The structure parameters of &8 are at the HF/6-31G** level.

ing that Okado and Saito in their experiments monitored the 4.1.2. Rearrangements to Carbenes.
IR emission at 4.9@&xm, which, from our calculations, clearly

corresponds to &C stretching vibration (2101 cr = 4.76 i : CH;C-OCN 54
um). Okado et al. have also reported vibrational frequencies CH3;C(O)CN 1A CH;0-CCN  6A
of 1B calculated at the Hartreg~ock level with the 3-21G basis CH,C-OCN 5A —» CH,=CHOCN 8A

set, and at this level, the=KC stretching wavenumber was

calculated to be 2346 cr. i CH,C-ONC 5B

4.1. Unimolecular Rearrangements. 4.1.1. Cyanide to CH;C(O)NC 1B CH;O0-CNC 6B

Isocyanide Isomerization. CH;C-ONC 5B — CH,=CHONC 8B
CH,COCN (1A) — CH4(O)NC (1B) In contrast to the parent methylene (:gHtarbenes that contain

an oxygen atom directly attached to the electron deficient carbon

The geometry of the transition structul&/1B has been exhibit singlet ground electronic states. This is due to the
reported at the HF/6-31G and MP2(FU)/6-31G* levtlnd is resonance stabilizing effect of the lone pairs of electrons on
compared with HF/3-21G results of Okado et&lSince their the oxygen. Previous calculations on hydroxyfluorocartséfe,
calculated geometry dfA/1B agrees quite well with the present  methoxycarben®, methoxychlorocarberfeand chlorohydroxym-
MP2(FU)/6-311G** value, it indicates that the geometry is ethylcarbentsuggest the existence of both cis and trans isomers.
insensitive to the size of the basis set, a conclusion drawn We have analyzed the cis and trans isomers of cyanohydroxym-
already by S3@4 The barrier for this process was found to be ethylcarbene §A), methoxycyanocarbenebA), isocyanohy-
40.8 kcal/mol at the G2 level, while our calculated barrier height droxymethyl carbene58), and methoxyisocyanocarber@&Bj
at the QCISD(T) level is 41.3 kcal/mol. From Figures 6 and as well as the transition states connecting the cis and trans
7, it is clear that this isomerization has the lowest barrier and isomers. The cistrans isomerization transition states are not
hence is the only reaction feasible at low temperatures. This given here. The barriers for eidrans isomerization of meth-
isomerization is unique of acyl cyanides owing to its ambient oxycyanocarbeneS@) and methoxyisocyanocarbengB)) are
cyanide substituent and is not possible in aldehydes, ketones26.9 and 27.3 kcal/mol, respectively. A barrier of 27.5 kcal/
and acyl halides. Isomerization similar to isocyanide (HC(O)- mol for cis to trans rotation in hydroxymethylene has been
NC) is the most favorable pathway on the HC(O)CN potential reportec®* The transition-state structures for internal rotations
energy surface too, and it has a barrier height of 43.2 kcal/mol between the cis and trans forms of singlet methylene isomers
at the B3LYP/6-313+G** level.?0 This suggests a compa- have their torsional angles very close td 90 he large barriers
rable stability for both formyl and acetyl cyanides. to these rotations arise no doubt from the partial double-bond
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10A/11A

Figure 3. MP2/6-311G** optimized geometries (in A and deg) of the transition structUfésB, 1A/2A, 1A/3A, 1A/4A, 1A/5A, 1A/6A, 1AITA,
1A/12A, 5A/8A, and10A/11A on the CHC(O)CN potential energy surface.
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character of the CO bond in all cases. As the trans and cisA) and O-CN compression (1.45 A). Analysis of the eigen-

isomers of CHC—OX and CHO—CX lie within 5 kcal/mol of

vectors corresponding to the negative eigenvalue of the force

each other, these internal rotation processes are nearly thermoeonstant matrix suggests the reaction coordinate-a€-©CN

neutral. The trans isomers of GEBOCN (5A) and CHO—
CCN (6A) are given at the MP2(FU)/6-31G* level in ref 14.
All our attempts in obtaining the cis form &B at the MP2
level have proved futile. In Figure 2 we have given the HF/
6-31G** structure parameter values fis-5B. The G=N and
N=C bond lengths in carbenes are the same dsAimnd 1B.

The carbeneSA and6A could be derived from acetyl cyanide
via 1,2-migration of cyanide and methyl groups, respectively.
But the barriers to produce these two carbenes from acetyl

cyanide are very high (see Figures 6 and 7). Itis also interesting

to note that these carbenes have sufficient stability owing to its
reverse barrier for the formation of acetyl cyanide. Because of
their stability, they can undergo other rearrangements (for, for
example5A to 8A and 5B to 8B) to give the equally stable
functional isomers of acetyl cyanide, namely, vinyl cyano ether
(8A), and acetyl isocyanide, namely, vinyl isocyano eti&s)(
Singlet trans CEOCCN (6A) and CHOCNC ©B) have a XCO

(X = CN, NC) bond angle of 104 typical of a singlet car-
bene which opens up by T the cis form. The €O distance

of 1.29 A in 6A and 6B reflects the partial double bond
character.

The MP2(FU)/6-311G** geometries of the transition state
1A/5A for 1:2 cyanide migration andA/6A for 1:2 methyl
migration are shown in Figure 3. The three-membered tight
structure oflA/5A is characterized by €C elongation (1.69

bending motion. The corresponding transition states fi@n
namely,1B/5B and 1B/6B, are shown in Figure 4. As can be
seen,1B/5B is very similar tolA/5A and the C-N bond has
increased by 0.14 A from that df8.

On the contrary, the 1,2-migration of the methyl group in
1A and 1B proceeds via the relatively loose transition states
1A/6A and1B/6B. In the former, the migrating methyl group
is 1.82 A away from the migrating origin and 1.75 A away
from the migrating terminus. EnergeticaBA is more stable
than5A; however, the barrier for its formation is higher than
that of 5A. This is expected from the fact thBA results via
the cleavage of the highly delocalized ©CN bond, in other
words, a partial double bond. On the other ha4, arises
because of migration of a methyl group, which is singly bonded
to the C(O)CN fragment. Both the transition structures are
below the CHCO + CN radical dissociation limit and lie above
the CH; + COCN limit (Figure 6), and hence they can hardly
compete with the radical dissociations at higher temperatures.
Moreover, the frequency factors for radical dissociations are
generally higher than that for isomerization, and hence at higher
temperatures the system would prefer to undergo dissociation
than rearrangement. Nevertheless, the carbenes, if formed, are
expected to be stable owing to their large reverse barrier to
cyanide formation.
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1B/4B

1B/SB 1B/6B 1B/7B

10B/11B
5B/8B

Figure 4. MP2/6-311G** optimized geometries (in A and deg) of the transition structliB#2B, 1B/3B, 1B/4B, 1B/5B, 1B/6B, 1B/7B, 5B/8B,

and 10B/11B on the CHC(O)NC potential energy surface.

7z

101.5

7A/3B

CCOH=206.4
NCOH=15.6

7B/3A 7B/3B

Figure 5. MP2/6-311G** optimized geometries (in A and deg) of the transition structtitg3A, 7A/3B, 7B/3B, and7B/3A on the CHC(O)CN
potential energy surface.

The 1,2-migration of hydrogen iBA and5B yields respec- 4.1.3. Rearrangement to Cyano and Isocyang Alcohol.
tively the vinyl cyano ether8A) and the vinyl isocyano ether .
(8B), the functional isomers of acetyl cyanide. The transition CH,C(O)CN (A) — CH,C(OH)CN (7A)
state for these reactionSA/8A and5B/8B, are given respec- .
tively in Figures 3 and 4. The carbeBa will easily undergo CHC(ONC (LB) —~ CH,C(OH)NC (7B)
isomerization to vinyl cyano etheBA\) rather than to acetyl- Another important unimolecular isomerization is the 1,3-

cyanide owing to its low barrier height. hydrogen migration from the methyl group to the carbonyl
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oxygen of the acetyl cyanide, giving rise to vinyl derivatives. a four-membered transition state, and all four atoms lie
Thermodynamically this reaction is less endothermic compared approximately in the same plane. The migrating hydrogen is
to other unimolecular rearrangement processes. This channell.29 and 1.49 A, respectively, away from the migrating origin

has not been considered by'Sm his investigation, and such

and terminus. The reaction coordinate has been identified as

a channel has not been investigated in the unimolecular reactionghe asymmetric €-H—0 stretch, and the magnitude of the

of acetylchloride® As mentioned in the Introduction, this

vibration which has been lost at the transition state is 2359i

channel was found to play an important role in acetic acid cm. The transition structure is only 66.4 kcal/mol higher than
decompositioit? and hence it is necessary to establish the 1A/1B and is almost of the same energyla®/3A (discussed
significance of this process in the reaction dynamics of acyl in the next section), suggesting it as a competing channel to
cyanides. Transition structure searches for hydrogen migrationprocess3A. Although the barriers are very close, the importance

from carbon to oxygen located a transition stafg7A. The
isomerization transition stat@A/7A, as shown in Figure 3, is

of this channel depends on the magnitude of its preexponential
factor as compared to that of the molecular dissociation channel
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TABLE 1: Calculated Heats of Reaction and Energy Barriers in kcal/mol at Both the MP2(FU) and QCISD(T) Levels with the
6-311G** Basis Set and Based on MP2 Geometries

heats of reaction energy barriers
reaction MP2 QCISD(T) MP2 QCISD(T)
CHsC(O)CN— CHsC(O)NC (LB) 17.3 13.4 44.0 41.3
CH3;C(O)CN— CHsCN + CO (2A) —9.2 —-12.0 118.5 109.6
CH3;C(O)CN— HCN + CH.CO (3A) 21.2 20.5 64.8 65.2
CH;C(O)CN— CH, + HCOCN @A) 102.8 101.9 110.2 102.7
CHsC(O)CN— CH;C—OCN (5A) 86.9 80.5 106.2 102.5
CHsC(O)CN— CH;O—CCN (6A) 72.9 66.8 115.0 110.8
CHsC(O)CN— CH,C(OH)(CN) (7A) 12.2 12.1 68.7 66.4
CH5C(O)CN— CH;CO+ CN (9A) 115.8 104.5 115.8 104.5
CH3;C(O)CN— CH; + COCN (10A) 90.4 88.3 90.4 88.3
CH;C—OCN— CH,=CHOCN @A) 55.1 47.4 13.7 16.8
CHsC(O)NC— CHsNC + CO (2B) 1.4 1.0 103.3 99.5
CH3C(O)NC— HNC + CH,CO (3B) 225 225 48.1 52.0
CH3;C(O)NC— CH; + HCONC @B) 102.6 91.4 107.8 101.4
CHsC(O)NC— CH;C—ONC (5B) 123.2 127.8 155.6 151.8
CH3;C(O)NC— CH;O—CNC (6B) 68.7 63.0 111.3 107.5
CHsC(O)NC— CH,C(OH)(NC) (7B) 18.5 18.4 73.0 74.0
CH;C(O)NC— CHsCO+ NC (9B) 98.5 91.1 98.5 91.1
CH3;C(O)NC— CONC+ CHj3 (10B) 89.6 93.5 89.6 93.5
CONC— CO+ NC (11B) 13.5 7.5 30.1 12.5
(3A). Hence we have computed the preexponential factors for the secondary elimination barrier for HX formation frafA is
both the processes as lower than the barrier for its formation from acetyl cyanide,
Hence, we have investigated both the 1,2-hydrogen and 1,3-
ksT Q' hydrogen migrations frorfA and 7B,
A= Q

CH,C(OH)CN 7At: HCN + CH,CO 3A

wherekg is the Boltzmann constani, is Planck’s constanfl’ HNC + CH,CO 3B

is the temperature in Kelvin, arfi;iiT and Q; are the complete CH,C(OH)NC 7B HCN + CH,CO 3A

partition functions for the respective transition state and the t HNC + CH,CO 3B

reactant, respectively. The partition functions were obtained

from the MP2 level calculated harmonic vibrational frequencies gng the corresponding four- and five-membered transition
and moments of inertia. The frequency factor at 300 K for stryctures are shown in Figure 5. Both the migrations are
processessA and 8A are 4.0x 10" and 2.58x 10' s7*, associated with a simultaneous cleavage of the C(o&ond,
respectively. These results indicate that at lower temperaturesyng the transition structures are highly nonplanar. As can be
acetyl cyanide preferentially undergoes isomerization to acetyl seen from Figures 6 and 7, in contrast to the acetic acid system,
isocyar!ide, while at high temperatures the formation of both {nese pathways (second step) involve substantially higher
cyanovinyl alcohol and HCN- CH,CO products are equally  parriers compared to the first step. In general, the probability
favorable, an important conclusion derived from our more for the reaction decreases with an increasing number of
complete PES. Experimentally, it should be possible to observentermediates, and it decreases still further when the energetics
vibrations at OH stretching frequencies during the high- of the second step are unfavorable. Hence, we conclude that

temperature thermal decomposition of acetyl cyanide. ~ the HX formation in acetyl cyanide occurs preferentially by the
On the contrary, the barrier for 1,3-hydrogen migration in one-step molecular dissociation channel.

acetyl isocyanide is quite high, 87.4 kcal/mol, comparedto HNC 4 1 4. Rearrangement to Methyliminoethanone.
+ CH,CO products. From Figure 7, it is clear that acetyl

isocyanide undergoes preferential isomerization to cyanide at CH,C(O)CN (1A) — CH,NCCO (12A)
low temperatures and dissociates into HR#@H,CO at higher
temperatures. Our calculations on the molecular dissociation channels

It is appropriate to mention that in acetic acid, the corre- (discussed in the next section) indicate that dissociatioh?of
sponding 1,3-hydrogen migration was fodfitb have a lower into CHsNC + CO via its isomerization td.B is kinetically
barrier (74.3 kcal/mol) than its dissociation (75.8 kcal/mol) into unfavored. We could not locate the transition state for the
ketene and water. Also the secondary dehydration (second stepkingle-step decomposition @A to 2B. Sd4 has also expressed

involves his inability to obtain such a transition state. Hence we wish
to probe the other pathways for its formation. In this regard,
CH,COOH— CH,=C(OH), —~ CH,CO+ H,O the work by Flemming et & shows that methyliminoethanone

requires only 7.9 kJ/mol for its dissociation into gNC and

an energy barrier of only 74.6 kcal/mol. Consequently, these CO. Therefore, it is of necessity to investigate the barrier height
authors have shown from their detailed kinetic analysis that for CH3NCCO formation fromlLA. Hence, we studied the 1,3-
ketene formation from acetic acid is a two-step process and it methyl migration in acetylcyanide yielding the imino-substituted
involves the 1,3-hydrogen migration product 1,1-ethenediol as heterocumulenes, GNCCO. 1,3-Methyl migration is an
the primary intermediate. The presense of a cyanide group,endothermic (52.5 kcal/mol) process, and it, however, involves
however, leads to a slight preference for proc@&sover 7A. a large barrier height of 134.8 kcal/mol. Hence, this process is
Nevertheless, it may be possible for @{OH)X to be an unlikely to contribute in the reaction kinetics of acylcyanides.
intermediate in HX formation at high temperatures provided Also it is clear from our extensive calculations that decar-
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bonylation yielding CHX from acyl cyanides is a highly  the nascent HCN molecule. Since the detaching hydrogen is
unfavorable process. Both the single step and multistep only 1.19 A away from the methyl carbon, it suggests that the

decarbonylation routes, namely extent of breaking of both the-&CN and C-H bonds is not
the same at the transition state. First, the CN fragment gets
CH;C(O)CN— CH,CN + CO (2A) detached from the carbonyl carbon and then forms the bond
with hydrogen. A glance at Figure 3 and Figure 4 reveals that
CH;C(O)CN— CH;NC + CO (2B) both 1A/3A and 1B/3B are very similar with very similar
structure parameter values. This implies that the behavior of
CH,C(O)CN— CH;C(O)NC— CH;NC + CO (2B) acyl isocyanides except for their intrinsic higher energies is not
much different from that of acyl cyanides.
CHZC(O)CN— CH;NCCO— CH;NC + CO (2B) The least preferred molecular dissociation pathway is the 1,2-

) . . . ] _hydrogen shift process to yield singlet gahd HCOCN. The
are accompanied by barriers that lie above the radical dissocia-activation energy is estimated at 102.7 kcal/mol. The transition

tion limits. The structure of the transition stdt&/12A is given structurelA/4A is nonplanar with the migrating hydrogen atom
in Figure 3 for completion. almost bonded to the carbonyl carbon (1.19 A). The reaction
4.2. Molecular Dissociation PathwayS.Let us first examine coordinate involves the movement of the CN fragment too, and
the following dissociations: the G-CN distance in1A/4A (1.61 A) is larger than the
CH.CN + GO 2A corresponding distan_ce in the produ_ct H_CO_CN (1.47 A) or the
3 reactant acetyl cyanide. The reaction is highly endothermic.
CH;C(0)CN 1A€ HCN + CH,CO 3A The reverse reaction corresponds to an insertion of singlet
CH; + HCOCN 4A methylene to the €H bond and is thus highly exothermic and
implies a small energy barrier.
CHNC +CO 2B The transition statéB/4B is relatively tighter compared to
CH;C(O)NC 1B HNC + CH;CO 3B 1A/4A, and it does not involve any movement of the NC
CH, + HCONC 4B fragment. The reaction coordinate corresponds to an asymmetric
stretch of G- —H---C— as indicated by the eigenvectors of
All the six molecular dissociation processes (24, 3A, the imaginary frequency. The reaction is also highly endo-

4A, 2B, 3B, 4B) except2A are endothermic (Table 1). The  thermic, and thelB/4B is close to the products in accordance
relevant activation barriers are substantial and lie above theW|[h Hammond’s postu]atel In summary, among the molecular
CH3CO + CN dissociation limits for the process2s, 2B, and decomposition pathways, the pathway leading to ketene is the

4B. Although the proces2A is exothermic by 12.0 kcal/mol,  most preferred one, and the HX & CN or NC) thus produced
it is kinetically unfavored owing to its large barrier of 109.6 il be a vibrationally hot molecule.

kcal/mol. This is similar to the case of GEIOCI and HCOCN 4.3. Simple Bond Cleavages.
and is in line with the experimental observation of Okada and
Saito?°

N o CH;C(0)CN 1A CH;CO + CN 9A

The transition structur&A/2A maintains &Cs symmetry and t
involves a loose three-membered ring. The@N distance of CH; + COCN 104
2.43 Ais long relative to the €CN distance of 1.48 A in acetyl CH;C(O)NC 1B CH;CO + NC 9B
cyanide. The €O distance of 1.14 A is closer to its value in t: CH, + CONC 10B
product carbon monoxide (1.14 A) as compared to reactant
acetyl cyanide (1.21 A). The imaginary frequency of 921.5i — CO+CN 11A
cm~1 mainly involves a CCC bending motion. A qualitatively C(O)NC 10B — CO +NC 11B
similar transition structure@s symmetry) has been observed
for dissociation of acetaldehy#® CH, and CO, acetyl chloride Here we are concerned with the simple homolytic bond
to CHsCl and CO, and formamidéto NHz and CO. cleavages of CEC(O)CN and CHC(O)NC and the secondary

A similar transition structure has been found for the formation decomposition pathways of COCN and CONC. For radical
of methyl isocyanide from CECONC (1B). The 1B/2B also species we adopted the UHF wave functions with the MP2
involves a loose three-membered ring with elongatedCO correction. The lowest bond fission reaction is the cleavage of
(2.13 A) and G-NC (2.31 A) bonds. The NC bond length the C-C(O)X (X = CN, NC) single bond. More energy (104.5
in the NC fragment has increased by 0.01 A from the reactant. kcal/mol) is required to dissociate the C{€¥, the partial
Both the decomposition process28 and 2B are kinetically double bond. The €C bond energy is higher than the-&
controlled and are unfavored at low temperatures due to theirbond energy in CBCOX due to its partial double bond
very large barrier height. character. Successive bond fission of L&, *COCN, and

For both acetyl cyanidel@®) and acetyl isocyanidel B), the *CONC may have barriers. Photodissociation of acetyl cyanide
easiest molecular dissociation channel is 1,2-elimination of HCN yields CN radicals, and these CN radicals are thought to be
or HNC along with the formation of ketene GEO. This arising predominantly from the primary €C dissociation
decomposition channel is the reverse reaction of cyanide channel. Investigations on the lowest excited singlet and triplet
synthesis. This activation barrier is 65.2 kcal/mol. The states of acetyl cyanide to probe its photodissociation dynamics
transition statel A/3A is of C; point group and the nitrogen of  are under progress. Though it is not possible to predict the
CN group is almost perpendicular to the loose four-membered barrier heights for the €C and C-X dissociations on the
ring. Sd* reported aCs transition state for this process. The excited singlet or triplet surface of GHOX from our ground-
C—CN distance of 2.77 A is very long relative to the distance state calculations, we can give an estimate about the secondan
of 1.43 A in acetyl cyanide. The+CN distance of 1.66 A is dissociation barrier heights. For the decomposition channel of
also large compared to that in the equilibrium structure of HCN CHzCOr a barrier of 18 kcal/mol has been estimdtedrlier by
(1.07 A) and is suggestive of strong vibrational excitation in us, and the transition-state structure has been given elsefvhere.

C(O)CN 10A
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The structure of transition stat@®8A/11A and10B/11B are very
close to the products, and the barrier height for the CONC
radical is about 12 kcal/mol.

5. Conclusions

Unimolecular isomerization to acetyl isocyanide from acetyl
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