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trans-1-Nitrosopropenesynform) was generated in the gas phase by pyrolysis of 1-chloro-1-methyl-2-(hydroxyimino)eth-
ane and identified by microwave spectroscopy. The microwave spectrum of the pyrolysate was observed in the frequency range
from 8.0 to 40.0 GHz. The rotational constants (MHz) were determinel @s34 025(390) B = 2315.62(2), andC =
2198.54(2) for CHCH=CH—NO (normal species) anl = 34 012(530),B = 2300.04(3), andC = 2182.70(2) for
CH,CH=CH—">NO (**N isotopic species) in the ground vibrational state. The values of planar mofent=((I, + I,
— 1.)/2) obtained for the normal an@®N isotopic species were found to be 1.62(10) and 1.52(1%) tdspectively. These
values are almost the same within the limit of errors. This suggests that the nitrogen atom lies in or is closé toehel
plane of the molecule and shows also that only two hydrogen atoms are located symmetrically out of the symmetry plane. The
pyrolysate was determined to Ieans-1-nitrosopropene by comparing the observed and calculated rotational congtants,
(Ray's asymmetric parameter), and coordinates of the nitrogen atom. One vibrationally excited state was observed and
assigned to the C—N torsional mode (158(50) ¢inInteresting pyrolysates such as hydrogen cyanide and acetaldehyde were
also detected during the pyrolysis of the precursor. The lifetimé&asfs1-nitrosopropene is found to be.ca s in the
waveguide cell. © 1999 Academic Press

1. INTRODUCTION of XCHCICH=NOH 1 and its isotopic species, as shown in
Fig. 1 X = H (8, 9 and CI (0). The lifetime of
Nitrosoalkenes possess a large synthetic potential since tdj>—CH—NO and CICH=CH—NO are found to be ca. 30
are comprised of both an alkene activated by an electrdfd 60 s in the waveguide cell, respectively. The interestin
withdrawing group of nitroso one and 1,3-diene system havifgrolysates, such a¥CH=0 5 and HCN 6 were detected
two double bonds of the<€C and N=0 groups {). Further- during its pyrolysis. The fact suggests that ttens—syrform
more, the nitroso group itself reacts with a wide number &of XCH=CH—NO is first generated by isomerizationaofti
reagentsZ) and allows an easy and simultaneous incorporatid@m 2, while the by-products oiXCH=O and HCN are
of the nitrogen and oxygen by the addition reactions (Dielgtroduced by cleavage of oxazetgenerated by cyclization of
Alder (3), ene-reaction4), and (2 + 2)-cycloaddition §)). 2 (8-10.
However, in spite of the interesting nitrosoalkenes, isolated!n this work, we attempted to generate and detect the unst
nitrosocyclohexene was first reported only in 198 ( ble nitrosoalkenes by pyrolysis of 1-chloro-1-methyl-2-(hy-
Francotteet al. have prepared and characterized a series @foXxyimino)ethaneX = CH,). The observed pyrolysate was
halonitrosoalkenes by treating the-polyhalooximes with determined to berans-1-nitrosopropenesyn form) by com-
NaHCO, or K,CO, in dichloromethane 1). Only the ni- Paring the observed and calculated rotational constants and
trosoolefin of CJC—=C(CHs)—NO could be isolated purely at coordinates of the nitrogen atom. For the structural parameter
room temperature, whereas the others were stable in soluti¥® discuss the C-N torsional mode of the pyrolysate and th
for a few weeks and could be kept for months-20°C. pOSSible perIySiS mechanism of the precursor by rEferring [
Most of the transient nitrosoalkenes have been characteri#B@ results ofb initio MO calculation (MP2/6-31G*).
by in situ cycloadditions (vide infrared spectrum))( Their
instability can be explained by the ready decomposition of an 2. EXPERIMENTAL DETAILS
intermediate oxazete (four-membered ring molecule) produced
by intramolecular cyclizationl). This mechanism is supported trans1-Nitrosopropene was produced by pyrolysis of
by the fact that 4,4di-tert-butyl-4H-1,2-oxazete is isolated by1-chloro-1-methyl-2-(hydroxyimino)ethane and also generate
thermolysis of the Z2ert-butyl-3,3-dimethyl-1-nitrosobutene by the chemical reaction of the precursor with potassiun
(). hydroxide at room temperature using the vacuum solid—ge
Recently, we have succeeded in detecting by mass spectroeaction (VSGR) methodL().
etry and microwave spectroscopy the unstable nitrosoalkene#lthough the microwave spectral lines of the chemical re-
of trans XCH=—CH—NO (synform) 3 generated by pyrolysis action product with KOH were stronger than those of the
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T " H H electric furnace (max. 1500°C). The pyrolysis temperature wa
N v \ / . . .
C=C — X/CZC\N: o monitored with a thermocouple fitted to the external wall of the
X O//N guartz tube and controlled by Digital Temperature Controllel
H ol cis-anti cis-syn (Asashi Rika Co.). The quartz tube was connected to an inle
X\C/C:N\O tbch / 2 3 port of the ionic chamber of the mass filter or to an inlet port
H G 1< A X " x_ M on the side of Stark waveguide cell (3-aband waveguide).
(D) >c:ci —_ /c:o\N:O To observe the microwave spectrum of 1-nitrosopropene,
precu1rsor H 7 : was necessary to use the high-speed rotary pump (350 I/mi
(X = H,C1,CHg) trans-anti trans-syn because its lifetime was very short.
~2 3 The quadrupole mass spectrometer employed was Anel

AQA-360 type and the sample pressure X510 ° Torr; 1
Torr = 133.32 Pa) of the ionic chamber was adjusted with the
needle valve. A conventional microwave spectrometer wa

H employed with 100-kHz square-wave Stark modulation. The
g=N .+ x-cHO + HON microwave spectrum was observed in the frequency range fro

x—F~0 5 5 8.0 to 40.0 GHz. The three microwave sources employed wel
K 5 6

a signal generator (HP-8672A) and two phase-locked YIG

tuned GaAs oscillators (WJ 5600-301DF and 5610-302DF).
FIG. 1. Possible pyrolysis mechanism ¥CHCICH=NOH (X = H, Cl,
and CH,). The molecules of3, 5, and 6 were identified by microwave

spectroscopy. 3. AB INITIO MO CALCULATION

The GAUSSIAN 94 programl@) was employed in thab
pyrolysate, their lines disappeared after ca. 10 min from th@tio SCF calculations of the molecules. Molecular geometry
start of the reaction because the activation of KOH was losiptimizations were performed by using second-order Mgller-
Therefore, we used the pyrolysis method for observing tidesset (MP2) perturbation theory3j and 6-31G** basis set
microwave spectrum of this unstable molecule. (14), and the vibrational frequencies were calculated at thi

The precursor was prepared using hydroxylamine hydrbHP2/6-31G** level of the theory.

chloride and 2-chloropropionaldehyde according to the methodThe transition states produced in the pyrolysis mechanist
used for the preparation of 1,1-dichloro-2-(hydroxyimino)ethwere confirmed by the identification of only one negative
ane (0). The aldehyde employed was generated by thermaligenvalue obtained at the MP2/6-31G** level of theory. It
ysis of its trimer, which was donated by Wakasugi (Kurehaas performed to verify that two stable points connect to the
Chemical Industrial Co.). The precursor was purified undé&ansition state in the intrinsic reaction coordinate (IRC) cal-
vacuum distillation at 78°C/11 mmHg. Methanol used in pregulations (5).

aration was furthermore separated by repeating a trap-to-trap

distillation in vacuo.The normal precursor was identified by 4. RESULTS AND DISCUSSION
observing bp (78-79°C/11 mmHg)ly) and *H-NMR and
mass spectra. The microwave spectrum with the characteristic vibrationa

The **N isotopic precursor was also synthesized using tisatellite of the pyrolysate observed at 485°C showed thre
mixture of hydroxyl-amine hydrochloride (2 g) and tSN equidistantly spaced group8 (+ C = 4480 MHz) between
isotopic compound (99 atom9BN: 2 g, Matheson USA Co.), 26.5 and 40.0 GHz at 40 V/cm. They were readily assigned t
according to the method used for producing normal precursartype R-branch transitionsK structure) with] = 6 < 5 to
The mass spectrum of tH&N isotopic precursor showed thel = 8 < 7. Furthermore, the observed microwave spectrun
new ionic peaks of 108 and 118/z, in addition to those of showed some interesting pyrolysates, such as acetaldehy
107 ECl) and 109 $'Cl) m/z observed for normal precursor.(16) and hydrogen cyanidelf). The microwave spectrum of

The mass spectrum of the pyrolysates of the normal prectite chemical reaction product of the precursor with KOH a
sor showed 27 (HCN), 36 @§Cl), 38 (H*'Cl), 44 (CH,O), room temperature was just the same as that of the pyrolysat
and 71 (GHsNO) m/z. The ionic peak of 7Im/z showed a The microwave spectrum of the pyrolysate of i isotopic
maximum intensity at 485°C, while those of 27 and @z precursor was observed lower at the frequency side than that
increased as the pyrolysis temperature increases. K structure of the normal species by ca. 250 MHz.

The mass spectrum of the pyrolysates (485°C) of the mix-The spectral lines oK_, = 0 and 1 were assigned by
ture of the normal and®N isotopic precursor showed the newobserving their Stark behavior, while th¢_, = 2 lines
ionic peaks of 28 (HEN) and 72 (GH:**NO) m/z. showed broadening. The highlr_, lines (K_; > 2) were

The pyrolysis apparatus consisted of an unpacked horizorttakried inK structure and could not be observed. Tdég/pe
quartz tube (300-mm length; 5-mm i.d.) heated in a handmaRebranch transitions of the normal aftN isotopic species in
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Observed Rotational Transition Frequencies (MHz) of trans-CH;CH—CH—NO
(syn form) and Its **N Isotopic Species in the Ground and Excited Vibrational

TABLE 1

States
trans~CH,CH=CHNO trans-CH,CH=CH""NO
Transition® v=0 v=1 v=0
Y o o-¢’ V ohed 0-¢° Y obed o-c°
3(1,3)—2(1,2) 1336656 -0.09
3(0,3)<-2(0,2) 1354139 +0.22
3(1,2)<2(1,1) 13717.80 -0.08
4(14)<3(1,3) 1782179 -0.01
4(0,4)<3(0,3) 18053.36 +0.01
4(1,3)<3(1,2) 1828997 -0.13
5(15)—4(1,4) 2227676  +0.15
5(05)—4(04) 2256426  +0.02
5(1,4)—4(1,3) 2286191 -0.07
6(1,6)<5(1,5) T © 26787.73  -0.18 26541.91  +0.26
6(0,6)<5(0,5) 2707355 +0.07 27124.01 +0.18 2688485 -0.03
6(1,5)<5(1,4) 2743337 -0.06 27476.75° -0.51 2724546 -0.21
7(1,7)—6(1,6) 3118479 -0.10 31250.64° -0.64 30963.96 —0.01
7(0,7)<6(0,6) 31580.68 —0.07 3163956  +0.08 31360.80 +0.10
7(1,6)—6(1,5) 32004.47 +0.12 32054.65° -0.84 3178535 +0.06
8(1,8)—7(1,7) 3563817 -0.02 3571418  +0.11 3538556 -0.15
8(0,8)<7(0,7) 3608573 -0.01 3615275  -0.09 3583419 -0.03
8(1,7)«-7(1,6) 3657470 +0.04 36633.18  -0.02 36324.39  +0.09
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9(1,9)<8(1,8)

39806.73 -0.05

2K g, Klg) <= J(K™ g, KT y).

Vobsd — Vealcd

¢ Overlapped with the absorption line of acetaldehyde.

9 Not used in the fitting.

the ground and excited vibrational states were assigned aasigned because of the disturbance of the dense spectral lir
shown in Table 1. The observed spectral lines were fitted usiofithe A—E splitting due to methyl group and/or excited vibra-
Watson'sA-reduced Hamiltonian1@). Table 2 gives the mo- tional states of acetaldehyd&6).

lecular constants obtained from the least-squares fit of the linesThe values of the planar momer () were found to be

shown in Table 1.

1.62(10) and 1.52(13) uAfor the normal and™N isotopic

The b-type Q-branch transitions of; ; ; < Jo; series species in the ground vibrational state, respectively. Thes

were predicted in the frequency range of 31-40 GHz from th@jues are almost the same within the limit of errors. This fac
obtained rotational constants, but these transitions could notgygests that the nitrogen atom lies in or is close toahe

TABLE 2
Observed Rotational (MHz), Centrifugal Distortion (kHz) Con-
stants, Planar Moments (u A?), and C-N Torsional Frequency
(wlcm™) of trans-CH;CH=—CHNO (syn form) and trans-
CH,CH=CH*NO (syn form) in the Ground and Excited Vibra-
tional States

trans—CH,CH=CH-NO trans—CH,CH=CH-""NO
v=0 v=1 v=0

A 34025(390)°  32782(628) 34012(530)

B 2315.62(2) 2318.73(4) 2300.04(3)

c 2198.54(2)  2203.83(4) 2182.70(2)

4y 0.19(18) 0.19(18)

Pt 1.62(10) 1.52(13)

Alf -3.23(18) -4.05(30) -3.05(30)

w 158(50)

2Figures in parentheses are 2.5 times the standard deviation.
chc = (Ia + Ib - Ic)/z-
CAL = 1o — I, — Iy

inertial plane of the molecule. The value &f (=1, — 1, —

l, = —3.23(18) uX) of the normal species shows also that
only two hydrogen atoms of the methyl group are locatec
symmetrically out of the molecular symmetry plane. It was
found that this molecule has, symmetry and is a near-prolate

symmetric top one = —0.993).

To identify the pyrolysate observed, we assumed four pos
sible pyrolysates2, 3, 2, and3’ shown in Fig. 1), supported
by mass peak of 7in/z (C;HsNO), having the methyl group
and discussion under Pyrolysis Mechanism. The candidates
2, 3, and 3, as shown in Table 3, were found to be the
near-prolate symmetric top molecules, Butwas not because
of k = —0.247. Therefore2’ was omitted from their candi-
dates. Table 3 gives the observed and calculated rotation
constants A, B, C), B + C, k, the coordinates of the nitrogen
atom, and the relative energy differences. Assuming this mol
ecule to haveC, symmetry, the substituted coordinates of the
nitrogen atom were calculated from Kraitchman’s equatior
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TABLE 3
Observed and Calculated Rotational Constants (MHz), r, Coor-

5. EXCITED VIBRATIONAL STATE

dinates (A) of Nitrogen Atom, and Relative Energies (kcal/mol) of

trans-CH,CH=—CHNO (syn form) and Its Isomers

Some of the observed spectral lines were assigned to tw
excited vibrational statesv(, andV,). The vibrational satel-
lites of V, were observed at the higher frequency side than th

Cbod . Cled . line in the ground vibrational state by an interval of about
transmant S o 60—70 MHz for the] = 7 < 6 to 8 < 7 transitions, while
2 Z g 3 the V, were observed in the neighborhood of the line in the
A 340253907 1936154 3384091 3382021 1697914 o0 vibrational state. Table 1 gives the spectral lines as
£ 2315622) 277726 21134 231654 295159 gigneq forV,, while those ofV, could not be completely
C 219854(2) 246558 219267 219743 255386  aggigned. The vibrational frequencies of ¥eandV, states
B+C  451416(4) 524284 450401 451397 550545  \yere estimated to be 158(30) and 170(30) ¢nrespectively,
w’ ~0.983 —0.963 —0.993  -0.963 ~0.945 from the relative intensity measurements. Thk value ob-
lal® 122603 1421 1221 123 0.884 tained forV, was found to be—4.05(30) u&. This value
I6 | 0.442(5) 053 0461 0451 0433 suggests that the vibration of thg, state is of an out-of-plane
AE 39 0 0 091 mode because the absolute valueAdfis larger than one of

%ab initio MO calculation at the MP2/6-31G** level.

P Calculated by using the structural parameters of CH—=CH and

CH,—=CH-NO.

¢ Figures in parentheses are 2.5 times the standard deviation.
¢k = (2B-A-C)/(A-C).

d Calculated from Kraitchman’s equation by usiggahd | (Al = —3.12 u

A2).

(19) by using the four rotational constants Bfand C of the

—3.23(18) uX obtained for the ground vibrational stail].
TheV, state corresponding to the vibrational frequency of 15¢
cm ! can be ascribed to the excited state due to the C—|

TABLE 4
Assumed and Fitted Structural Parameters® of trans-
CH;CH=CHNO (syn form) and Reproduced Rotational
Constants (MHz)

Assumed parameters

normal and"®N isotopic species and by assuming the value of  «n=0). 1.220° HCp-Cy: 1501°  «C,—H,): 1.081°
Al (=1, — I, — 1) to be —3.12 u®. The observed values {C4—Hs): 1.085° HCyHya): 1.089°  H(C,-H,): 1.091°
were in good agreement with those3gfrans-1-nitrosopropene

(synform)) predicted byab initio MO calculation and were in £C=C,—N: 116.1° £C-N=0: 1129’ £0=C,-Cy 1243

excellent agreement with those ®talculated by referring the
parameters
CH,~=CH—NO (9). The pyrolysate was determined to be
trans-1-nitrosopropend. This is consistent with the results of

structural

GBH=CH,

(20

and

£C,CyHy: 111.2°  £C;~Cy-Hyq: 1112° £C,=Cy-H;: 1205°
£ C,=CyHy: 119.0°

Fitted parameters

> L , . nC=C)  HC-N) £G,G,C;3 £C-N=0
ab initio MO calculation (MP2/6-31G**) thaB is the most Set1  1.359(9)  1.400(9) 124.86(3) [112.9T°
stable among three candidates, as shown in Table 3. All of the setn  1.352(8) 1.415(8) [124.3] 113.49(5)
conformation for XCH=CH—NO generated by pyrolysis of  _abinitio _ 1.344 1419 12491 11249
XCHCICH=NOH (X = H, Cl and CH,) were found to be only Rotati
otational constants
trans-synform. Normal Set | Set Il
The barrier height\{5) due to internal rotation of the methyl Obsd Caled  0-C [Calcd] 0-C
-ni i A 34025(156) [34173] 34169
group oftralngll nltrosoproper?e was obtalned*tf be 1730 cal/ B 2315619(8) 231561 001 531562 001
mol by ab initio MO calculation (MP2/6-31G**). TheA-E C  2198542(9) 219855 001 219854  0.01
splitting was predicted to be 7.4 MHz for 2, < 1,, transi-
tion, 7.4 MHz for 2, < 1,, —2.1 MHz for 33 < 2,,, and 2.1 "N species Set | Set Il
MHz for 3,, < 2,,. The two transitions ol = 2 < 1 were — 02’2?31 5 [(;;";3“1] o-¢ [g’sa;g‘;] St
not observed because of the weak spectral lines. The spectral 5 5300041(9) 230005 -001 230004 0.01
lines of J = 3 < 2 were observable; however, the splittings C  2182698(9) 218269 001 21827  0.01

of A- and E-levels were not observed because of very small

A-E splittings. The fact indicates that thé; of trans1-

. . * Bond lengths in A and angles in degrees.
nitrosopropene may be higher than 1730 cal/mol. ot o e . s e
. . ef. 20. 3
The microwave spectrum &f, the isomer of3, could not be ¢ Ref. 23, z=0\1
assigned because of the dense spectral lines due té-tBe 9 Ref 9. h/ N=0

splitting caused by internal rotation of the methyl group and/or = Assumed parameters.
excited vibrational states of acetaldehydé)(

Copyright © 1999 by Academic Press
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TABLE 5
Comparison of the Structural Parameters® of trans-XCH=CHNO (syn form) and Those of XCH=CH,
(X = CHg, H, and ClI) in the Heavy Atoms Skeleton Studied by Ab Initio MO Calculation and Microwave
Spectroscopy

trans=CHyCH=CH-NO” trans-CH,=CH-NO®  trans ~CICH=CH-NO® CH,CH=CH," CH,=CH,  CICH=CH,*
h

Set | Set i ab initio” ab initio” ab initio
X-¢) [1 .501]i [1.501] 1.491 [1.089] 1.079 1.716(5) 1.709 1.501(4) 1.087(1) 1.726(1)
r(C=C) 1.359(9) 1.352(8) 1.344 [1.335] 1.341 1.320(5) 1.344 1.336(4) 1.339(1) 1.333(1)
r(C-N) 1.409(9) 1.415(8) 1.419 1.439(10) 1.426 [1.434] 1.419
rN=0) [1.221] [1.221] 1.249 [1.220] 1.248 [1.220] 1.251
ZX~C-C 124.86(3) [124.3] 124927 [121.0] 121.87 123.0(5) 123.64 124.3(3) 121.3(1) 122.7(1)
ZC-C-N [116.1] [1161] 116.83 117.0(10) 116.66 [116.1]1 11475 121.5(3) 119.6(2)
ZC-N-0 [112.9] 11349(5) 11249 112.9(10) 11222 [112.9] 112.22

aBond lengths in A and angles in degrees.

P This work.

¢ Used the structural parameters, improved those shown in Ref. (
9 Ref. (10).

°Ref. (20).

fRef. 25).

9 Ref. 24).

"Used MP2/6-31G** level.

' The square brackets indicate the assumed parameters.

torsional mode because the variation of the rotational constastethene 9). The four rotational constants calculated from
corresponding to the C—N torsional mode with the vibrationéhese parameters listed in Table 4 were in good agreement wi
guantum number is much larger than that corresponding to tthese observed within 0.01 MHz. The structural parameters ¢
C-C torsional mode. The result ab initio MO calculation both Set | and Set Il were consistent with the optimizec
(RHF/6-31G**) showed the C—N and C-C torsional frequerstructural parameters obtained by #iginitio MO calculation
cies to be 143 and 216 cm, respectively. The vibrational (MP2/6-31G**) as shown in Table 5, while the assumed bonc
frequency of 158(30) cm' obtained fromtrans-1-nitrosopro- lengths of r(C—C) and r(N=0) were different from the
pene gynform) is very close to the C—N torsional frequencietheoretical values by ca. 0.01 and 0.03 A, respectively.
of trans-nitrosoethene (150(20) cm) (8), trans-1-chloro-2- The fitted structural parameters of Set | and Set Il were
nitrosoethene (120(30) cm) (10), andtrans-nitrosocyclopro- compared with those of the similar molecules, as shown i
pane (140 cm?) (22) within the errors. Therefore, we assigned able 5. The obtained C=C) is longer than that of propylene
the V, state to the C—N torsional mode. On the other hand, t(20) because the nitroso group behaves as the electron wit
V, state might be assigned tentatively to the C—C torsionddawing one. The obtainedC—N) is slightly shorter than that
mode. of transnitrosoethene 9) because the methyl and nitroso
groups takdrans position, so-calledrans effect.
6. MOLECULAR STRUCTURE The obtainedZ/.C-N-O is almost the same as thattains
nitrosoethened) and is consistent with the result calculatechyy
The partialr, structural parameters dfans-1-nitrosopro- initio MO calculation. The obtained C—C—C is almost the same
pene gynform) were obtained by fitting three parameters (Sets that of propylene2Q). The order of L X—C—C of trans
| and Set Il) to four rotational constants 8f and C of the XCH—CH—NO (synform) is found as followsX = CH; >
normal and™N isotopic species. Set | was made up of tw€l > H. Since the van der Waals radius of the methyl group (2.(
bond lengths of (C=C) andr(C—N) and an angle of C— A) is larger than those of the chlorine atom (1.8 A) and hydroge!
C—C, while Set Il consisted of their two bond lengths and amtom (1.2 A), and the bond lengthifC—CH;) is shorter than that
angle of ZC—N—O. On the replacement of the hydrogemf r(C-Cl), the repulsion between the methyl group and the
atom of trans-nitrosoethene by the methyl group, their twdiydrogen atom imis position is, therefore, found to be the largest
bond lengths and the angle sfC—C—C may be expected toamong theX groups. This trend is almost the same as that o
change by the effect of the substituted group, while the angt€ H—=CH, (X = CH; > CI (24) > H (25)).
of £ C—N—O may be slightly changed.
Table 4 gives the assumed and fitted structural parameters 7. PYROLYSIS MECHANISM
and the observed and reproduced rotational constants, respec-
tively. The assumed structural parameters were quoted fromThe pyrolysates of 1-chloro-1-methyl-2-(hydroxyimino)eth-
those of propylene20), nitrosomethane2@), andtransnitro- ane and its'>N precursor were determined to heans1-
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,C=C\ 1
HC N 2
-1 H ~ CHs
402 cm™ HC_ M H,C=C\
(115 kel moll) C=C 2 N
“
v A
=C o.M
H N ,C=C"
H N
A
x 1365 cm™!
532 em! (3.90 keal mol™)
(1.52 keal mol™)
904 cm™? Moce™ 1609 cm™
(2.58keal mol ™) y c’ N=O fonc’ 3 (4.60keal mol )
HeS  N=
H \ /H 1
g‘ﬁ 318 cm” 1“3‘3:0:6,“ 3 T
- -1 S H (0.91kcalmol™) H~ "N=0 o=c
532cm” Ay Y W =0
' (1.52 kcal mol™) O=N L
g -1 -1
490 cm™ " _o " 287 ecm™ O\ _ M 410 em™ G M 388 cm™ M coHs
(1.40 keal moll) H “N=0 (0.82 kcal moll) 1’ “N=0 (1.17 kcal mol™) Ci)__lflJ 4 (1.11 keal mol™?) Cl)-llll
i '

FIG. 2. Relative energy differences between the two isomers of the pyrolysa¥SHEICH=NOH. Calculated foX = H and CH, by MP2/6-31G**
level without consideration of the zero-point vibrational effect andXer Cl by MP2/6-311G** level 26). (1 cm™* = 11.96 J/mol, 1 kcal/mok 4.184
kJd/mol).

nitrosopropene, trans-1-nitrosopropeneN, acetaldehydé, microwave spectra of isotopic species (H) and CH—0
hydrogen cyanides, and hydrogen cyanideéN. The spectral generated by pyrolysis of CJEHCICH=""NOH were ob-
lines of 3 appeared at even lower pyrolysis temperatuserved. These facts suggest that they are generated by cleav
(350°C), while those 05 and 6 appeared at higher pyrolysisof the four-membered ring produced by intramolecular cycliza
temperature. tion of CH,CH=CH—"*N=—0, 2. The pyrolysis mechanism

Although the two possiblesyn forms, 3 and 3’, were, re- of X = CH; of XCHCICH=NOH was consistent with those of
spectively, predicted by isomerization®and2’ generated by X = H (8, 9 and CI (0), as shown in Fig. 1.
the pyrolysis of CHCHCICH=NOH, as shown in Fig. 1, only  As shown in Fig. 2, the four-membered ring molecules of
3 was detected by microwave spectroscopy. X = H and Cl are slightly less stable than the correspondin

Figure 2 shows the result of their relative energy differencé&CH—CH—NO (trans-synform), while the two four-mem-
(4:0,3:1.17,3": 2.08,2: 5.07,2": 6.22 kcal/mol [1 cal/mok  bered ring isomers ok = CHs are slightly more stable than
4.184 J/mol= 0.3498 cm?]) obtained fromab initic MO XCH=—CH—NO (trans-synform) and CH—CX—NO (syn
calculation (MP2/6-31G**) without consideration of the zeroform), respectively. Figure 2 shows the relative energy
point vibrational effect. The reason wByvas generated by the differences between two isomers of the possible pyrolysate
pyrolysis of the precursor is th& may be the most stableof XCHCICH=NOH (X = H, CIl, and CH) calculated by
among possible pyrolysat&s 2, and3’, except for4. The3 MP2/6-31G** level for X = H and CH, and by MP2/6-
may be generated by the isomerization of the unstable mo8t1G** level for X = CI (26). These indicate that the two
cule2, while 3’ could not be detected because it was less stalitair-membered ring molecules substituted by the methy
than3 by 0.91 kcal/mol an@’ is also less stable thérby 1.15 group become slightly more stable than the nitroso mole
kcal/mol. cule.

On the other hand5 and 6 may be produced by another This result ofab initio MO calculation suggests that it is
passwayvia intermediate4, from 2, as shown in Fig. 1. The possible to detect (X = CH;) by microwave spectroscopy.
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FIG. 3. Potential energy surfaces for the pyrolysis of ftHHCICH=NOH from 2 to trans CH;CH=CHNO (synform), CH;—0, and HCN. Calculated by
MP2/6-31G** level of theory, taking account of the zero-point vibrational effect.

8. REACTION ENERGY PROFILE cyclization of2 of X = CHg is smaller than that o2 of X =
H (49.96 kcal/mol 28)), but this is definitely large in compar-
Figure 3 shows the potential energy surfaces for the pyri@on with the usual thermal activation energies -o12—24
lysates of 1-chloro-1-methyl-2-(hydroxyimino)ethane such a&gal/mol of symmetry-allowed reactions, such as conrotator
trans-1-nitrosopropeneafti form) 2, trans-1-nitrosopropene ring closure 9).
(synform) 3, 4-methyl-4H-1,2-oxazetéd, acetaldehyd®, hy- |t is interesting to know how to cleave the four-memberec
drogen cyanidet, and the transition states (TS1, TS2, aneing 4 of X = CH, in the comparison of the optimized
TS3), referring to the values for the total and zero-point enetructures #7) of 4 and TS3. The four-membered ring C,—
gies for the products and reactants calculated at the MP2¢(§-_N—C,—H) of 4 is almost planar because the two dihedral
31G** level of theory @7). The TS1 corresponds to theangles of/C,C,NO and LOC,C;N are 0.3° and—0.3°, re-
isomerization of2 to form 3, the TS2 to the ring closure & gpectively, and the two bond lengths ofC,—C,) and
to form 4, and the TS3 to the cleavage 4fto form5 and6.  r(O—N) are 1.485 and 1.452 A, respectively. On the othe
The TS1 is found to lie 6.44 kcal/mol aboZeas shown in hand, the ring structure of TS3 is distorted and twistec
Fig. 3. On the other hand, the TS2 is found to lie 30.1¢, C,C,NO: 19.9° and2OC,C,;N: —30.4°,r(C,~C,): 1.719
kcal/mol above2, and TS3 to lie 59.76 kcal/mol above The  and r(O-N): 2.084 A). The two dihedral angle and bond
calculated energy difference of = CH; (29.62 kcal/mol) |engths calculated for TS3 become much larger and longer the
between the activation energy of the first reaction (fdto 4)  those of4. These results suggest that the four-membered rin
and that of the second reaction (freno 5 and6) is larger than  twists and the two bonds of ,£C, and O-N of TS3 lengthen

that of X = H (23.91 kcal/mol) 28). The larger activation and are cleaved to form acetaldehyde and hydrogen cyanid
energy is similar to the experimental results of Weiser and

Berndt (7). They reported that 4,4-dert-butyl-4H-1,2-oxazete

(four-membered ring molecule) was generated by vacuum py- ACKNOWLEDGMENTS
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