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Ab initio RHF and MP2 calculations with the standard 6-31G* and 6-311G** basis sets were carried out on
cyanomethyl formate (HCOOGEN). The calculations indicated two stable conform&gpandZ,sqg for

this molecule. However, the energy difference between the conformers varied at different levels of theory.
The calculations with the 6-311G** basis set and correlated wave functions indicated equal energy for these
conformers, whereas all the other calculations slightly preferred gconformer (by 0.2-2.1 kJ mot?).

The existence of th&,ap andZ,scconformers of cyanomethyl formate was confirmed by matrix isolation
infrared studies in argon. Immediately after deposition the spectrum showed two peaks both in carbonyl and
asymmetric C-O—C stretching regions. The behavior of these pairs of infrared peaks upon UV irradiation
and the comparison with the results obtained for related esters strongly indicate that these doublets are caused
by two different conformers. It was observed that hapandZ,scconformers can be surmounted thermally

in an argon matrix. This is consistent with the calculated values of 2.6 kd'r({dP2/6-31G*) or 3.7 kJ

mol~! (RHF/6-31G*) for the potential energy barrier of this process. A conformer interconversion process,
proceeding from both th&,ap andZ,scto the E,scconformer, was induced by UV irradiation at 248 nm.

The E,scconformer is the main product of isomerization. This was established by ab initio calculations and
by analysis of the spectral changes in the=@) and (C-O—C) stretching regions. Upon prolonged irradiation

at the same wavelength, tl&sc conformer decomposed to stable products including a hydrogen-bonded
(1:1) complex of CO and cyanomethanol. (£@oduction was also observed. However, its counterpart
could not be identified, presumably due to further decomposition.)

Introduction
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In matrixes at low temperatures (260 K) thermal, Boltz- \Cz/ N e N \:
mann type conformational equilibrium tends to favor the “ 1% I ,f\c

population of only the state corresponding to the lowest energy Hy Ho o] \\\N
conformer, unless the conformational energy differences are

small (a few hundred J mol). If the potential energy barriers Zap Zsc

are low (at 20 K lower than 6 kJ mdl), they can be surmounted N&

thermally in matrixes. If the barriers are higher, the higher \C/,,‘ /H

energy conformers can be “trapped” at these low temperatures. H'C\

Thus, otherwise inaccessible higher energy conformers can be H o

observed as products of photoprocesses in matrixes, provided \C/

the energy barriers for photoprocesses are not too high and I

barriers for thermal processes not too lbwJsually infrared- 0

induced processes proceed without decomposition of the sample,

whereas UV-induced processes tend to produce both higher- E;sc

energy conformers and decomposition products. Figure 1. Conformers of cyanomethyl formate. Atom numbering and

Although a number of compounds have been investigated in the axes of internal rotationr{ and ;) are depicted for theZ,ap
low-temperature matrixes, only a few studies concerning the conformer.
formic acid esters have been reported. Owing to the small sizeandE conformers have been observed under normal cond#ions.
of the acyl group, these esters play an interesting role in (For the ester conformers, the same notation is used in this paper
conformational studies of esters. It has been reported that someas previously for other alkyl-substituted formateSee Figure
formates with bulky alkyl groups can give rise to rotational 1.) It is probable that the existence of tReconformation is
isomers as a result of internal rotation around the C(O)-O bond. generally possible for other esters only when the molecular
tert-Butyl formate is a classical example, for which both the  structure is determined by ring formation (lactones).
Some years ago Mier et al® observed that irradiation at
€ Abstract published irAdvance ACS Abstractdanuary 1, 1997. 248 nm led to photorotamerization of methyl formate frdgm
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to E conformation. As a result of this study the infrared spectra
and vibrational assignments for the unstableonformation of
methyl formate and its deuterium derivatives have been reported
in detail. Furthermore, it was observed that due to a too low
barrier of thermal processes, the unstaBleconformation
decomposes in a consecutive photolysis step by three different
routes, leading to a hydrogen-bonded (1:1) complex between
CO and methanol, for example.

After the above-mentioned study we reported the UV-induced
conformer interconversion process for chloromethyl formate
(HCOOCH.CI) in a cryogenic argon matrik.In this study we
have showed that the only stable conformatidhis¢ of
chloromethyl formate interconverts to the unstaBlsc con-
formation on irradiation in a narrow wavelength region between
255 and 275 nm. In a further paper we have reported the resultsig
obtained by irradiation of chloromethyl formate and vinyl
formate at shorter wavelengthsDecomposition of the sample
enabled us to measure and analyze in detail the matrix infrared
spectra of two novel substituted methanols, chloromethanol and
vinyl alcohol. 0

The preparation and investigation of cyanomethyl formate Figure 2. Ab initio RHF/3-21G calculated potential energy surface
(HCOOCHCN) continue our interest in this type of molecules for cyanomethyl formate.
and their photoprocesses. Cyanomethyl formate is interesting
in the following respects: Results and Discussion

(i) No previous spectroscopic or other physicochemical
studies of this particular molecule are known to the authors. ~ Ab Initio Calculations. The ab initio calculations were

(i) It is the cyano analogue of ethyl and propargyl formates Performed mainly by the GAMESS software packageThe
for which the conformer&,ap and Z,sc have been observed |n|t|a_l potential energy surface (PES) map was produceq at the
under normal conditions by vibrational spectroscdgbgnd, on restricted Hartree Fock level of theory (RHF/3-21G¥ This

the other hand, the cyano analogue for chloromethyl formate economical method is quite sufficient for rough mapping of the
which exists only in theZ,scconformationf1© conformational space of organic molecules. The minima and

. saddle points were reoptimized at the RHF/6-31G* |&¢dlhe
méltlgy:f;r:]g si:?/}%prﬁg?:és oF:gcvigglsd aeiql)r;éltqiy(;isoemc:tr?:;%rlo- vibrational zero-point energies and the correlated energies were

to be one of the decomposition products. This would confirm calculated using the 6-31G* basis set at the RHF geometry.
mpo: P ) The correlation energies were calculated using the second-order
the concept that formic acid esters, as precursors, allow for the

. . Mgller—Plesset perturbation theory (MP2). The basis set
Fr:g;:ugtézzrzzicohols, which have the same alkoxy groups as superposition error was estimated using the 6-311G** basi$ set.

The error turned out to be almost the same for bo@p and

(iv) In our laboratory one of the authors has used cyanoalkyl 7 ¢ conformers and was therefore omitted. The vibrational
esters as starting materials in the studies of enzymatic acyl-analysis at the three minima is based on analytical Cartesian
transfer_ reactionst Thus, their physicochemical properties are  fgrce constant matrixes calculated at the RHF/6-311G** level
also of interest. at a carefully reoptimized geometry by Gaussiari-9Zo allow

For comparative purposes, we have carried out ab initio for comparison with experimental results, the calculated wave-
calculations at different levels of theory aiming to study numbers were scaled by factors 0.91 and 0.88 in the regions of
structural parameters and relative energies of possible conform-4000-2800 and 28080 cnTl, respectively. A separate
ers, heights of the barriers to internal rotations, vibrational program was used for the calculation of the potential energy
spectra, and assignments of the normal modes of cyanomethyldistributions (PED) in terms of symmetry coordinafé8.
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formate. The potential energy surface calculated at the RHF/3-21G
level of approximation is shown in Figure 2. The figure clearly
Experimental Section indicates that the most important conformations are those with

71 = 0° (Z conformations) and that those with = 180C° (E

Cyanomethyl formate was prepared in the usual way from conformations) correspond to local minima. Cross sections of
cyanomethanol (glycolic acid nitrile, CNGBH, Fluka AG) the PES at these two torsional angles, calculated at the RHF/
and formic acid (HCOOH, Merck, Uvasol). The final distil-  6-31G* level, are shown in Figure 3. The energies of the
lation was performed with a Perkin-Elmer 251 auto annular still minima and saddle points are given in Table 1. The geometries
and the fraction boiling at 7671 °C/19 mmHg (42° 1.4072) at the minima are reported in Table 2.
gas chromatography. tions, theZ,apandZ,scforms (Figure 1). Our calculations with

The matrixes were prepared by spraying a 1:500 mixture of the 6-311G** basis set and correlated wave functions show that
cyanomethyl formate and Ar onto a Csl window at 15 K. The these two minima have the same energy. This means that both
spectra were run on a Nicolet 60 SX FTIR-spectrometer, conformations are equally populated at all temperatures. Ac-
typically at 0.5 cn? resolution. Irradiation was performed by  cording to the HartreeFock calculations with the same basis
a KrF (248 nm) excimer laser (ELI-76, Estonian Academy of set, theZ,apis the most stable conformatior,scbeing 2.1 kJ
Sciences), the 10 ns pulse energies at the sample (diameter 2tnol~! less favorable. The barrier between the conformers is
mm) being~10 mJ. low, only 2.6 kJ matt (MP2) or 3.7 kJ moi! (RHF), suggesting
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20+ / Figure 4. Argon matrix spectra of cyanomethyl formate at 15 K: (A)
f recorded immediately after deposition; (B) afte4000 pulses at 248

nm.
10 \ 311G** + ZPE) above the stable conformations and can be
/ neglected under normal conditions. For comparison, it can be
A 1 mentioned that the values of 23.3 (MP2/6-31G#*ZPE) and
\ A h / 21.4 kJ mot! (HF/4-31G*) have been reported for tHe
A& \ S/ A conformation of methyl format€ and theE,sc conformation
0 r ;O o 1;0 a 12: ! 2;0 200 ieo of chloromethyl formaté respectively. The experimental value
for the E conformation of methyl formate is 19.2 0.8 kJ
mol~1.21
The barrier to internal rotation from thg,ap to the E,sc
conformation is calculated to be 53.9 kJ mo(MP2/6-31G*

7

Figure 3. Ab initio RHF/6-31G* calculated cross-sections of the
potential energy surface of cyanomethyl formate at torsional angles

andsz. + ZPE), which corresponds to 4500 cin This value is large
TABLE 1: Energies (kJ mol~Y) of Cyanomethyl Formate at enough to prevent infrared-induced photorotamerization as
the Minima and Saddle Points (sp) of the Potential Energy confirmed experimentally in this work. On the other hand, the
Surface* value of 29 kJ mot? for the height of the reverse barrier (process
conformation E,sc—Z,ap suggests that the,scconformer should be thermally
level Zap Zsc Esc Z4sp) E,afsp) Z—E(sp) stable at temperatures below 60'K. .
OF/6-31G* o 11 283 37 219 519 Itis interesting to note.that the calculatédp—E,scbarrier
HF/6-311G** 0 21 286 of cyanomethyl formate is close to the value of 56.2 kJThol
Corr/6-31G* 0 02 276 26 48.8 53.9 (MP2/6-31G*+ ZPE) calculated foZz—E barrier of methyl
Corr/6-311G* 0 0.0 25.2 formate?® but significantly greater than that of 45 kJ mb(HF/

- * i
a2The reported energies have been calculated using 6-31G* and4 31G )Gcalculated for thd,swE,;cbarrler of chloromethyl
6-311G** basis set and are relative to the most stable conformation. formate? It was observed experimentally that chloromethyl
The corrected energies include an MP2 correlation correction and the formate photorotamerizes as a result of lower energy UV

zero-point energy. irradiation than methyl and cyanomethyl formates, in accordance
TABLE 2: Ab Initio RHF/6-31G* Geometries for with the calculated values.
Conformers Z,ap, Z,sG and E,scof Cyanomethyl Formate® Cyanomethyl formate behaves in accordance with s
angle rule” proposed originally for alcohols and amines and
conformer extended later to other compounds, #@s can be seen from
internal coordinates Z,ap Z,sc E,sc Table 2, the angle OCC for tli&apconformer of cyanomethyl
—0 118 118 117 formate is 4 smaller than that of th&,scconformer. This is
C04 133 133 134 in accordance with the tfansangle rule”, which can be
04Cs 141 141 140 generalized as follows: if in a nonlinear bonding sequence
cc 147 148 148 XCYZ (Y = O or N) the bond XC id¢ransto the bond YZ, the
CN 113 113 113 . J X :
0=C—-0 125 125 122 angle XCY is 3-7° smaller than in other conformations of
coc 116 117 118 molecule.
occ 107 111 112 The Conformers after Deposition The infrared spectrum
H1C204Cs (72) 0 0 180 of cyanomethyl formate in an argon matrix, recorded im-
C204C5C6 (‘[2) 180 83 78

mediately after deposition at 2 cthresolution, is shown in

2The bond lengths are given in picometers and the angles in degreesFigure 4A. Spectrum B in the same figure was recorded after
UV irradiation at 248 nm. It can be seen that the irradiation

thermal equilibrium between these species even at the matrixhas induced both photorotamerization and decomposition of the

temperatures uséd. sample. Parts of expanded spectra, recorded at 0.5' cm
The value for the dihedral angle,Q0,CsCs of the Z,sc resolution and showing the most important changes upon the

conformer was calculated to be 8@Table 2). This value is UV irradiation at 248 nm are presented in Figure 5.

almost the same as calculated previously for chloromethyl As can be seen from Figure 5A the spectrum recorded

formate (88)% and fluoromethyl formate (84.1° immediately after deposition shows two carbonyl (1763 and
The E,scconformation also corresponds to a local minimum 1760 cnt?) and two asymmetric €O—C stretching peaks

on the conformational PES, but it lies 25.2 kJ molMP2/6- (1163 and 1138 cmrt). Because our ab initio calculated values
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TABLE 3: Local-Symmetry Coordinates for Cyanomethyl
P
Ve W’"l,v W T“ Formate
symmetry coordinates description
S=rn »(CN)
Nr S=rn »(C—C)
- S=r3 ’V(O4—C5)
Anancatamant W Af\/WA/ ey 51 =TIy V(C2—04)
(8) S=rsg ’V(CH]_)
i I S=rs V(C=O)
g S = (UV2)(r7+ re) Y(CHo)symm
£ S = (1V6)(201 — 02 — a3) 6(0=C—0)
2 ———— — S = (1V2)(02 — o) S(CHy)
ks ") “W So= 04 5(C—0-C)
s_l_l = (1/«/30)(515 — 0 — 07— Og — Og — (110) 6(O—C_C)
Si2= (1/2)(0s + 07 — 0s — Olg) wag (CH)
&3 = (1/2\/5)(4(110 — Qg — 07— Qg — (19) sciss (CH)
S = (1/\/2)(]'7 - rB) V(CHZ)asymm
S_s = (1/2)(0.5 — Qo7 — O0g+ 0.9) twist (CH2)
Sie= (1/2)(0s — 07 + 0g — 0Olg) rock (CH)
S7=71 7(CHy)
P S T SR S S SPE S S Sig=y2 y(C—CN)
3550 3500 3450 1800 1750 1200 1100 10501000 Sis=10 0(C—CN)
4 So=mn1 T(Cz— 04)
Wavenumber (cm™) 521 =1, 77(04—C5)

Figure 5. Parts of the expanded spectra (recorded at 0.5'cm
resolution), showing the most important changes of cyanomethyl peaks behave in a fashion similar to those of ethyl and propargyl
formate upon UV irradiation at 248 nm: (A) recorded immediately formates. We have every reason to assume that the carbonyl
after deposition, (B) after-4000 pulses, and (C) after20000 pulses.  stretching bands behave similarly in all these three esters even
though only the singlet bands were observed in the case of ethyl
for vibrational frequencies of the carbonyl and asymmetric and propargyl formates. This assumption is based on the fact
C—0O-C stretching peaks of thé,apandZ,scconformers of  that for cyanomethyl formate the wavenumber difference in
cyanomethyl formate agree well with the values observed in argon matrix between the two carbonyl peaks is only 3tm
the argon matrix spectrum, these doublets can be attributed toBecause the spectra of ethyl and propargyl formates have been
the presence of these two conformers. recorded in gas, liquid, and crystalline solid phases, it is evident
This assignment is confirmed by comparing these doublets that the wavenumber difference is too small to allow for the
and their behavior upon UV irradiation with the results obtained resolution of the conformer bands in these phases.
for related estef® and from ab initio calculations. Assigning the other peaks of cyanomethyl formate tazlag
According to our ab initio calculations with the 6-311G**  andZ,scconformers is difficult. This is mainly due to the fact
basis set and correlated wave functions the conforrdeap that absorption bands may coincide or the intensities of the peaks
and Z,sc of cyanomethyl formate have equal energies. This are too weak to allow definite identification. Only three pairs
causes the Boltzmann type conformational equilibrium to lead of infrared peaks, appearing in the spectrum immediately after
to equal population of both conformers even in the low- deposition and losing their intensities with equal rates upon UV
temperature argon matrix. Consequently the appearance of thérradiation of the sample, can be identified to thapandZ,sc
conformer sensitive carbonyl and ester peaks as doublets carconformer doublets. These peaks and their assignments (see
be taken as evidence that two different conformers cause theTable 4) are as follows: 145Zfap and 1431 Z,sQ scissor
peaks. (CHy), 1276 ¢,ap and 1281 Z,s9 twist (CHy), and 910Z,ap
Because the calculated energy barriers betweef dygand and 890 cm? (Z,s9 (C—C) stretching vibration.
Z,scconformers are in the range 2:8.7 kJ mot? (see Table The Photoprocess Producing th&,scConformer. As can
1) the conformers can be surmounted thermally in the matrix. be seen from Figures 4B and 5B,C, UV irradiation induces
This leads us to expect that the relative intensities of the changes in the spectrum of cyanomethyl formate. The peaks
conformer doublets should not change upon UV irradiation. As of Z,apandZ,scconformers diminish and new peaks grow. Even
can be seen from Figure 5, both of the doublets behave though the number of the peaks increasing in intensity in the
accordingly. No attempts were made to evaluate the possiblespectra of cyanomethyl formate was found to be smaller than
small energy difference between these species. in the case of methyl and chloromethyl formatéghe photo-
As mentioned in the Introduction, ethyl and propargyl process proceeds in a straightforward manner.
formates (analogues for cyanomethyl formate) exig,apand As can be seen from Table 1, in addition to th@p and
Z,scconformers under normal conditioR8. It was shown by Z,scconformers, thee,scconformer of cyanomethyl formate
crystallization of the sample that the appearance of the asym-also corresponds to a local minimum at 25.2 kJ thabove
metric C-O—C stretching vibration as a doublet is in both cases the energy of the stablg conformers. Because the ab initio
indicative of the presence of the above-mentioned conformers. calculated value of 29 kJ nd! to the procesg,sc~Z,apallows
However, the carbonyl stretching vibrations of these compounds trapping of theE,scconformer, it is reasonable to expect that
were observed to appear as singlets. (It must be mentioned alUV irradiation of the sample should produce this conformer.
this stage that despite many attempts we were not able toThe three increasing peaks, which can be related to the
crystallize liquid cyanomethyl formate.) conformer sensitive/(C=0) and asymmetric and symmetric
The calculated vibrational frequencies of cyanomethyl formate »(C—0O—C) vibrations, offer good evidence in support of this
suggest that the higher and lower frequency carbonyl stretchingconclusion.
peaks represeiat,scandZ,ap and the corresponding asymmetric The new carbonyl peak emerging at 1801¢ris a strong
stretching peak&,ap and Z,sc conformers, respectively (see indication of the fact that irradiation leads to thescconforma-
Table 4). This means that the asymmetrie @-C stretching tion. This conclusion is based on the facts that the ab initio
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TABLE 4: Observed (Ar Matrix) and ab Initio RHF/6-311G** Calculated Wavenumbers (cm %) for Conformers Z,ap, Z,sq

and E,sc of Cyanomethyl Formate

Zap Z,sc E,sc
exp calé PED exp calé PED exp calé PED assignm
3020 2995 100(14) 3020 3020 99(14) 2994 96(14) Y(CHz)as
2069 2977 98(5) 2969 2979 96(5) 2898 97(5) »(CHy)
2963 2950 99(7) 2963 2969 97(7) 2947 94(7) V(CHy)sy
2258 2304 91(1),9(2) 2258 2297 92(1), 8(2) 2295 92(1), 8(2) »(CN)
1760 1757 85(6), 6(4), 6(9) 1763 1766 85(6), 6(4), 6(9) 1801 1808 87(6), 6(9) »(C=0)
1453 1429 96(13) 1431 1414 97(13) 1429 90(13), 6(9) 5(CHy)
1374 1354 86(12), 7(2) 1374 1356 75(12), 14(9) 1346 84(12), 7(9), 5(2) W(CH
1358 1340 93(9) 1358 1342 78(9), 17(12) 1378 81(9), 9(13), 6(12) O(CHy)
1276 1221 97(15 1281 1260 85(15), 8(4) 1263 80(15), 12(4) tw(CH
1163 1185 58(4), 24(3), 14(8) 1138 1162 45(4), 29(3), 14(8) 1106 1135 40(4), 46(3), 6(15) ¥(COCs
1021 1039 100(17) 1021 1038 99(17) 1040 1030 97(17) 7(CHy)
962 987 89(16), 5(18) 1016 66(16), 10(10),6(3), 6(15) 974 950 58(16), 20(4), 11(8)6(3).)
958 969 60(3), 18(4), 10(11), 5(10) 935 55(3),17(4),12(2), 1052 1055 27(3), 22(16), 15(8), ¥(COC),
6(16), 5(8) 13(4), 10(10), 9(15)
910 923 54(2), 13(10), 13(11), 8(8), 890 862 59(2), 22(11), 5(1), 5(3) 856 69(2), 18(11),6(1) ¥(C—C)
5(12), 5(1)
764 742 56(8), 22(2), 8(10), 8(3) 764 740 50(8), 20(10), 13(4), 12(16) 664 666 37(8), 23(11), 8(18)(O=C—0)
7(10), 7(2), 6(4), 5(3)
558 521 46(19), 30(11), 7(2), 6(4), 5(3) 558 558 28(19), 36(11), 16(2), 506 20(11), 8(19), 25(8))(C—CN)
6(3), 5(8) 15(18), 13(3), 10(2) 6(0—C—C)
335 364 81(18), 10(16), 5(15) 335 359 70(18), 13(16), 5(21) 352 22(18), 52(19), 13(1B8)C—CN)
7(21) 5(C—CN)
299 298 96(20) 294 310 64(20), 27(19), 5(11) 109 80(20), 11(11) 7(C,—0)
279 260 44(10), 20(19), 17(8), 10(11), 5(2) 296 63(10), 18(8), 14(18) 325 74(10), 15(8), 6(18)3(COC)
193' 158 38(11), 34(19), 24(10) 193 173 44(11), 39(19), 13(20) 234 29(11), 20(19), 21(20)(C—CN)
25(18) 5(0—C—C)
99" 48 78(21), 20(20) 99 50 82(21), 9(10) 64 82(21), 7(18) 7(04—Cs)

2 Calculated wavenumbers are scaled by a factors of 0.91 and 0.88 in the regior2800&nd 280680 cm%, respectively® PED contributions
smaller than 5% have been omittéd.iquid phase value? Raman value (liquid).

calculated value for this peak is 1808 chand that the shift of
the carbonyl peak of the conformer to higher wavenumbers

Additional work to determine the magnitudes of the shifts and
intensities of the asymmetrig C—O—C) peaks of formic acid

has been observed previously in the case of methyl and esters is, however, needed to explain the substituent effects.

chloromethyl formate&8 The blue-shifts for methyl, chloro-
methyl, and cyanomethyl formates are 32, 36, and 38%cm
respectively.

Another emerging peak upon UV irradiation was found at
1106 cnt! and can be assigned to the asymmetrieGE-C
stretching vibration of th&,scconformation. For comparison,
it can be mentioned that in methyl and chloromethyl formates
the corresponding peak appears at 1099 and 1091l,cm
respectively. Thus, all the formic acid esters studied so far in
low-temperature matrixes show the asymmetr{€—0O—C)
peak of theE conformation at lower wavenumbers than that of
the corresponding conformation. The red-shifts are 106 and
29 cnt! for methyl and chloromethyl formates and 32 and 57
cm1 for theZ,apandZ,scconformers of cyanomethyl formate,

According to ab initio calculations and experimental results
obtained for methyland chloromethyl formafghe symmetric
1(C—0O—C) peak of theE,sc conformation should appear at
much higher wavenumbers than that of theonformers. The
experimentally observed blue-shifts for methyl and chloromethyl
formates are 96 and 112 ci respectively. For cyanomethyl
formate, a peak, increasing in intensity at a rate approximately
equal to the carbonyl stretching and asymmet(ic—O—C)
peaks, can be observed at 1052 émWe assign this peak to
the symmetricv(C—O—C) vibration of the E,sc confor-
mation, in agreement with the ab initio calculated value of 1055
cm~1. Consequently, the blue-shift of the symmet{€—O—

C) peak is 94 cm! when going from theZ to the E,sc
conformation.

respectively. On the basis of these values, it can be concluded The other peaks of cyanomethyl formate, emerging upon UV

that the red-shift of the asymmetni¢C—O—C) peak of theE

irradiation and assigned to vibrations of tBgscconformation,

conformation decreases upon substitution of the alkyl group of are as follow: y(CH;) at 1040 cm?, p(CHy) at 974 cn?, and

formic acid esters.

0(0=C-0) at 664 cn! (see Table 4). It can be observed that

These results, obtained for the three esters mentioned abovethe 6(O=C—0) peak shows a red-shift of 100 cfwhen going
show further that substitution of the alkyl groups decreases the from theZ to theE,scconformer. This is close to the red-shift

intensities of the asymmetrig(C—O—C) peaks. In the case
of methyl formaté the intensity of this peak is very strong,

value of 132 cm?, observed for methyl formafe.Unfortunately

the value of this shift for chloromethyl formate is speculative,

whereas chlofband cyanomethyl formates show medium and because the spectrum of this compound is very complex in this
weak asymmetric/(C—O—C) peaks, respectively. Without spectral regiof.

doubt the differences in the intensities are due to mode mixing. Photodecomposition of the Sample It can be seen from

In the case of methyl formate the potential energy distribution Figures 4 and 5 that after the photochemical steady state between
(PED) of the asymmetriz#(C—O—C) peak consists of three the conformersZ,ap Z,s¢ and E,scwas reached, some new
symmetry coordinates, whereas in the case of chloro andpeaks grew at approximately equal rates in the spectra. This
cyanomethyl formates this coordinate is mixed also with other phenomenon indicates that prolonged irradiation leads to
coordinates to a much larger extent. As a result of such mixing, decomposition of the sample. The main product in this
the intensity of this peak decreases because mixing distributesphotoprocess is a hydrogen-bonded (1:1) complex of carbon
the intrinsinc intensity of this peak over several infrared bands. monoxide (CO) and cyanomethanol (CN&HH).



Rotamerization of Cyanomethyl Formate J. Phys. Chem. A, Vol. 101, No. 7, 1997265

5 r1/ N, observed frequency for asymmetsi(CHy,), given in Table 4,
) 1 c — is taken from the liquid-phase spectrum.
Hi { o r4/ S: 3 o rz/ 762 _ The_other very weak absorption in the argon matri>_< spectrum
N a C2 o g7 Cs ogo is assigned tov(CN). Contrary to the results obtained, for
' Y ' example, for methyl cyanoacet&tethis peak is very weak in
e ref 10 I8 other phases, too. In the Raman spectrum, recorded from the
0; Hq Hg liquid-phase sample by the authors, tH€N) peak appears with
) . strong intensity at 2258 cm. On the basis of this value, the
Figure )6. Internal coordinates of cyanomethyl forma&gp confor- very weak matrix infrared peak at 2258 chwas assigned to
mation).
(CN).

The calculations of the PEDs for low-frequency skeletal

Both CG, and CO absorption bands grow during irradiation. bendi L :
. : . . . ending modes of cyanomethyl formate indicated in some cases
The intensity of the asymmetrigCQ,) stretching peak is about a considerable mode mixing between these vibrations. Espe-

10 times larger than that of(CO), suggesting roughly equal iy the 5(0—C—C), §(C—CN), andy(C—CN) vibrations are
yleld_for C(_)mplexes containing C@_nd CO* The com_ple_xm_g so delocalized that it would be arbitrary to assign them to any
species with C@would be acetonitrile. However, no indication group frequency.
of its presence was found, indicating that it is further decom-
posed on irradiation at 248 nm in solid Ar.

The most intense new peak is located at 1065%which
is a typical value for the CO stretching vibration of alcohols. The present study of matrix-infrared spectroscopy and ab
Three other significant emerging peaks were found at 3493, initio molecular orbital calculations has clarified the existence
2281, and 376 cmt and can be assigned to OH stretching, CN  of the conformers and the assignment of their vibrational spectra
stretching, and OH torsional vibrations of cyanomethanol, as well as the UV-induced photorotamerization and decomposi-

Conclusion

respectively. tion of cyanomethyl formate. Both theoretical calculations and
The stretching absorption of carbon monoxide was observed experimental findings suggest that cyanomethyl formate has two
to appear at 2160 cm. Thus, there is a blue-shift of 20 cth low-energy conformersZap and Z,sQ, which can be sur-

compared to the free CO value when CO forms a complex with mounted thermally in a low-temperature argon matrix. Con-
cyanomethanol. This is quite a typical shift for CO during sistent with ab initio calculations, the UV-induced photo-
complexation. Only an insignificant amount of absorption was rotamerization at 248 nm produces tgcconformation. This
recorded at the free CO stretching region. This suggests thatprocess becomes predominant after a photochemical steady state
cyanomethanol is stable on irradiation at 248 nm and also thatbetween the three conformei,ap Z,s¢ andE,sg has been
the kinetic energy of the fragments during primary photodis- reached. During prolonged irradiation at 248 nm fBgsc
sociation is insufficient for cage exit. On the basis of our conformer decomposes to 1:1 complex of cyanomethanol and
previous experiments, we suggest that the primary processcarbon monoxide or to C{and acetonitrile (the latter of which
breaks the @), bond, forming a short-lived HCO radical. This seems to disappear during photolysis). This experimental
then donate a H atom to the other fragment yielding cyano- finding is consistent with the concept that formic acid ester
methanol. precursors allow the production of alcohols, which contain the

Vibrational Assignment. Cyanomethyl formate has 21 same alkoxy groups as the precursors. Comparison of the results
normal modes of vibration. Owing to th@& symmetry of the of three different formic acid esters, studied in low-temperature
Z,apandC; symmetry of theZ,s¢ andE,scconformers, all the argon matrixes, indicates that the shifts of the most characteristic
vibrations are infrared active. The assignments of the normal infrared peaks of th& conformers behave similarly. Compared
modes are based on the calculated frequencies and potententidb the corresponding peaks of tAeonformers the asymmetric
energy distributions (PED). The internal coordinates, used in »(C—O—C) peaks of theE conformers are at lower wave-
these calculations are given in Figure 6, and the symmetry numbers (red-shift), whereas théC=0) and symmetrie/(C—
coordinates in Table 3. The observed and scaled RHF/6- O—C) peaks appear at higher wavenumbers (blue-shift). Ad-
311G** frequencies as well as the PEDs for the conformers ditional work is needed to explain the effects of the alkyl
Z,ap Z,s¢G andE,scof cyanomethyl formate are given in Table substituents determining the magnitudes of these shifts.
4.
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