3. S. L. Joffe, L. M. Makarenkova, A. L. Blyumenfel'd, I. A. Maslina, and V. A. Tartakovskii, I1zv. Akad.
Nauk SSSR, Ser. Khim., 2326 (1976).

4, H. Schanan-Atidi and R. H. Bar-Eli, J. Phys. Chem., 74, 961 (1970).
5, E. J. Correy and R. K. Varma, J. Am. Chem. Soc., 94, 6190 (1972).
6. M. Fukui, K. Itho, and I. Ishii, J. Chem. Soc., Perkin Trans., 2, 1043 (1972).

TRIMETHYLSILYL AND DIETHYLBORON DERIVATIVES
OF ETHYL N-NITROCARBAMATE

S. L. Ioffe, A, S. Shashkov, UDC 542.91:547.1'128:547,1'127: 547.495.1
A. L, Blyumenfel'd, L. M. Leont'eva,

L. M. Makarenkova, O, B. Belkina,

and V. A, Tartakovskii

The reaction between the Ag or NH, ethyl N-nitrocarbamate salts and trimethylsilyl or diethylboron chio-
ride in inert aprotic solvents gives the corresponding trimethylsilyl or diethylboron ethyl N-nitrocarbamate
derivatives.

[CoH,0CON(NO,)] M -+ RO o ether e i GCON(NOL)IR
where, if R is (CHg)3Si, M is Ag (I), the yield is nearly 100% at 20°% if R is (C,H;),B, M is NH, (II), the yield is
80% at —30°. Compounds (I) and () are sensitive to hydrolysis and react rapidly with aerial moisture. Com-
pound (I} decomposes at 90-100°C, or as a result of a prolonged keeping at 20° to give nitrogen oxide and some
other products. Compound (II) decomposes above 0°,

The presence of CoH;OCON(NO;) and Si(CHg); (the product I only) groups has been confirmed by treating
(I) and (IT) with the alkali metal alcoholates or with alkali alcoholic solutions giving the corresponding salt of
the starting ethyl N-nitrocarbamate and trimethylalkoxysilane. Compound (II) reacts with pyridine at a low tem~
perature to give the crystalline CoH,OCON (NOy)B(CyH;)y - NC;Hy (III) complex. The structure of this complex is
discussed below.

Previous NMR studies showed that the trimethylsilyl and diethylboron alkylnitramine derivatives undergo
a rapid 1,3 migration of the organometallic fragments between the nitro group oxygen and the "amine" nitrogen
[1, 2]. In the case of nitrourethane derivatives, the migration of the organometallic fragment to the CO group
oxygen must also be considered, since it was shown earlier [3], that the trialkylsilyl group in N-alkylurethanes
is always connected to N. Therefore, the organometallic nitrourethane derivatives can exist as either the O, N,
or the imide isomers.

?1) CgHgOCO\ @) CoH;:0
. 7
CoH;OCN (NO)R N=N \CzN—Nog
N
) OR RO
N-isomer O-isomer Imide isomer

R —organometallic group

0

P

Each of the above isomers can form stereoisomers due to the restricted rotation round the C/—N, N=N, and
C=N bonds. In (II), the tendency of the boron atom towards the coordination bond formation has to be consid~
ered. At present, the only way to determine the structures of (I)-(III) is to use complex physicochemical methods.

The compounds (I)-(III) were therefore studied using the IR and the 'H, 3C, B, !N, and °N NMR (at vari-
ous temperatures) spectroscopical techniques. Some IR spectra and also the NMR 1°N spectra were recorded.

N. D. Zelinskii Organic Chemistry Institute, Academy of Sciences of the USSR, Moscow. Translatedfrom
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TABLE 2. NMR Spectra of Compounds (I)- (VI)

8, ppm (TMS standard)\
Compound Solvent FEG (7, Hz)
OCH. iCH;\ CH l (CHm‘
CH,CH.0CON(NO)CsH~i (VI) | CCl, 36| 4,25 11,25 b4,57d 1,30 | Jegcm, =1
Toa
CH;GHzOCO\ /9 Jeucy, = 519
N=N W | ccyy 36| 4,35 |1,35] 5,18 | 1,35 | Jag,cm, =7
\ocsﬂ,-i Joncn, = 6
CHCH.Q  No: JCHzCéis T 7
. B(CHzCHg)p givesa
/G—IET (D | CH,Cl, T |—48| 4,60 |1,49 multiplet at
O0——B(C:Ha)e 0.4-0.9 ppm
. J, =7
CHiCH-0CON(NOy) CH.—CH
< b @D | CH,CL, | 36 4,25 |1,30 BCH,CHyly broad
CoHsX BC:H) signal at 0.67 ppm;
Pyridine, multi-
pletsat 7.60, 8.01,
and 8.68 ppm.

* The integrated intensity of all signals does notdiffer from the cal-
culated value by more than + 10%.
T With ether added.

i ﬂ

12 /{/
J A
-0° -60° /f,y
|
J\J\M }H
/ |
)}MNL ‘A‘/ T
Jo°
/Jﬁ l/Z /,6 71/ IZ 0112 07«5‘ 0,341
region 0K, region (H, region St (CHy)

Fig. 1. NMR spectrum of (I) in CH,Cl,
(recorded at various amplifications); *)
NMR spectrum of [EtOCOPN(NO,)1Si(CH,),
(cf. experimental).

using samples enriched with N or N or both. The spectral line positions were determined using ethyl N-ni-
trocarbamate (IV), its O-isopropyl derivative (V) and O-ethyl-N-nitro~N-isopropylurethane (VI) as standards,

When necessary, the 15 -labelled (IV)-(VI) compounds were also used. Theexperimental dataaregivenin Tables
1-4,

The observed changes of the NMR spectrum of (I) with temperature show that the compound can exist as
a mixture of up to three isomers. Two processes can take place at different rates: 1==2 and, more slowly,
[L; 2]==3* (see Fig. 1). The 3c NMR spectrum of (I) can also be interpreted in terms of an eguilibrium be-

*The [1; 2]==3 process can take the form of 1= 3 or 2== 3 processes.
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tween three isomers. All the analytical data indicate that, at equilibrium, all three isomers are present with
the signals 1, 2, and 3 corresponding to the N-, O~, and the imide structure isomer, respectively.

A more detailed discussion of this conclusion is given below.

The NMR spectrum of (I) enriched with the !*N "amino" nitrogen shows only the signal 1, split into a dou-
blet with J 15N-8i-C-H 0.9+ 0.1 Hz, corresbonding roughly to the value of J in 15N-trialkylsilylamide deriva-
tives (0.8-1.1 Hz) [4]. Therefore, the signal 1 can be assigned to the N~isomer since only this structure can
give rise to J15N-Si—C—H' Furthermore, the corresponding IR spectrum indicates the presence of the "imide"
isomer in the equilibrium mixture of (I). The intensity of the Veo=o band in (I) is considerably lower than that
in the compounds used as standards; this absorption is, of course, missing in the "imide" isomer. Further-
more, the IR spectrum of (I) contains an intensive band at 1627 em™ which, judging from the isotope shift, is
40
not due to the =N’ or NO, but rather to vc=N vibrations. Its position also agrees well with the posi-

Nosi
AN
tion of similar bands in the N-nitrimines (V) IR spectra. The intensity of the 1627-cm-!band and also the in-
tensity of the 13C, 14N, and !N NMR spectra "imide" form signals suggest that the "imide" isomer predomi-
nates in the equilibrium mixture and, therefore, the signal 3 in the NMR spectrum of (I) can be assigned as be-
ing due to the "imide" isomer.

The signal 2 can be assigned either to the O-isomer, or to the thermodynamically less likely "imide"
stereoisomer.* The first assumption seems more likely, since the IR spectrum of (I) contains the 1230-cm-1
band that appears in other O-derivatives (V) and, at the same time, is missing in the IR spectra of the other
standards. In CCly, the total intensity of the 1+2 NMR signals of (I) increases relative to the signal 3; corre-
spondingly, the intensity of the 1230-cm-1band in the IR spectrum of (I) in CCl, increases. Interestingly,under
/,O
NOR
signal in (V). The N low-temperature NMR spectrum of (I) also contains weak signals corresponding to the
signals in (V) and their disappearance at higher temperatures can be explained by their broadening due to the
1==2 process. One of the two OCH, signals in the 13¢ NMR spectrum of (I), having 63.12 and 63.84 ppm chem-~
ical shifts, should then be due to the third isomer. The difference between the position of these two signals and
the-fimide" OCH, signal is 3-4 ppm, and it is, therefore, not likely that either of the signalsis due to the "imide"
cis-isomer, especially since (C,H;0),C =NCl [6] exhibits two OCH, group signals different only by 0.33 ppm
(65.07 and 65.40 ppm relative to TMS).

the same conditions, the 1N NMR spectrum of (I) shows a broad signal at 46.5 ppm, similar to the =N

The spectral analysis data given in Tables 1-4 further confirm the suggested structure of (I). A detailed
discussion is not necessary here. Note that the relative ratio of signals can be expressed either as J15N—15 or
as Jj3 _5y constants., Furthermore, the 1565-1570 and 1765 cm~! bands in the IR spectrum of (I) are multi-
plets as has been confirmed by IR spectra of CH,Cl, solutions at low temperatures.

The above study of (I) is the first ever-reported case of a tautomeric process accompnaied by migration
of a radical R to the functional group directly connected to a nitro group-bearingatom. Furthermore, first-ever
observation of a tautomeric 1,3-migration of the Si(CHg); group from O to N in urethane was made.

As a quantitative investigation of tautomerism in (I) is difficult, a qualitative analysis only was attempted.
Also, the effect of various factors on the coalescence temperature of Si(CHy); group signals was studied (Table
5). The low-temperature1==2 process could not be studied in detail — however, itwas established that the coales-
cence temperature of 1 and 2 signals does not depend on concentration and is only little influenced by the nature
of the solvent. It can thus be concluded that this monomolecular process takes place via a multicenter ring-
type transition state and, apparently coincides with the trialkylsilyl group 1,3 migration in the trialkylsilyl ni-
tramine derivatives [7].

* Apparently, the formation of the cis-isomer is thermodynamically less likely.

GHO.
a=N_

' NO,
NSi(CHy);
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TABLE 5. Coalescence Temperatureof the Si(CHg)y Group
NMR Spectra Signals for the Structural Isomers of (I) in
Various Solvents

Difference in chem-

Coalescence temperature, C fcal shifts. Hz*
process
Solvent
1,2==3 at A Avrrim
12 12822 5-fold =2 Y+
dilurion
CH,CLT 31 70 70 ~0,8(—60%) | 3,5 (0°)
celt” 80 80 313(09
Acetone ~—30 —4,3 — — 3,5 (—14°)
THF 27.6 44 - 3.6 (—19%)
CHCN ~0,5 —9,5 3,8 —(24°)

* The temperature of the Av determinationis givenin brack-
ets.

T The coalescence temperatureforthe CH;group 1==2 trip-
lets is —5°, The difference in chemical shiftsat —60°is1.7
Hz.

I The coalescence temperature of CH; group triplets for
1==2 at 10°, the difference in chemical shifts being 1.5 Hz
at—10°,

From the observed data (cf. Table 5) one can assume that the [1; 2]==3 is a monomolecular process, par-
ticularly in CH,Cl,, CCl;, and CH,CN.* In THF, however, some contribution from an intermolecular process
cannot be excluded.

From the changes of the coalescence temperature it appears that polar solvents increase the rate of the
[1; 2]==3 process by more than two orders of magnitude. Obviously, the species involved in the transition state
of the process are more polar than the ground states of the isomers. The following scheme fully corresponds
to such a situation:

—,

0
je=2 yal
CgI;I;,OCOI\I(NOg)Si(CH;;)3 = CpH;0CON=N

(_)Si(TCHa)s

slow

N
C=N(NOy)
(CH,);3i0

The scheme adequately explains the experimental data. For example, the substitution of the NO, group by an
N-alkyl should decrease the stability of the anion and, consequently, the stability of the ion pair should also de-~
crease, This indicates that the migration via an ionic mechanism is inhibited. Similarly, the stability of the
anion is low in the case of the trialkylsilyl-N-alkylnitramines that undergo the 1,3 migration of the trialkylsilyl
group via a ring-type transition state [7], Furthermore, if the isomerization follows an ionic mechanism, then
the more thermodynamically stable 'imide' stereosiomer should prevail in the equilibrium mixture. This is in-
deed the case. At present we cannot state which of the two possible isomers (N or O) forms the ion pair, there-
fore, a dotted line has been used to connect the two products and the possible transition compound. This corre-
sponds to the [1; 2]==3 process although in principle both 1==3 and 2==3 processes are possible.

According to our data (see Tables 2-4), the compound (II) is a single isomer containing a tetracoordinated
boron atom. The 13C, 14N, and 5N NMR spectra are very similar to the corresponding spectraof (I} in its "imide®
form. The differences are apparently caused by the presence of the boron atom coordinated to the free elec~

* The decrease of coalescence temperature in CH;CN is, apparently, due to the solvent effect,
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tron pair of the "imide" nitrogen. As a result, the positive charge is redistributed round all the atoms of the
O—C—N* group.
CoHs0C —N(NOp)  CoHy0—C—N(NOp)  CoH,0—C=X(NOp)

| >

Il . |
9“13((321'15)2 0 —B(CaHy)p O—B (CoHs)y

The reaction of (I) with pyridine cleaves the B—O bond and a neutral N-complex is formed. Its structure
has been unequivocally confirmed by physicochemical methods.t '

C.IUC—N(NO,)

e .
\ — CoHyOCON(NOg)B(Co 1, I
S B(G,Hg), 2Hy ( 2)1'\'1((;:}1:)2 (11)

an

The low temperature 1H, 13¢, and YN NMR spectra of (III) showed an absence of any rapid exchange and thus
confirmed that the equilibrium is fully shifted towards the N-product formation. These results agree with the
reported behavior of diethylboron methylnitramine [2] but disagree with the results obtained for diethylboron
N-nitro-p-toluenesulphonamide for which only the O-product formation was reported [9].

CsHsN

EXPERIMENTAL?Y

IR spectra were recorded on a UR-10 spectrometer from CH,Cl, or CCl; solutions using 0.02 mm KBr
cells. UV spectra were recorded on a Unicam SP-800 spectrophotometer, 11 NMR were measured on Perkin—
Elmer R-12 60 MHz spectrometer at 36°. The low- and high-temperature NMR spectra were recorded on PC
60/15 60 MHz spectrometer. The JiﬁN-Si—C-Hand the coalescence temperature values of signals 1, 2, and 3
(Fig. 1) were determined from the chemical shifts measured to + 0,02-Hz accuracy (the values were calculated
from the peak maxima using the digital frequency generator G-3-49). The half-width of the signals were deter-
mined to + 0,06~Hz accuracy, and the temperature was maintained to £ 0,05°,

The sample values (signal position, chemical shift relative to TMS, Hz) [the half-width value (in Hz) is
given in brackets] were as follows: C,H;OCON(NO,)Si(CHjg)s (0.09 ml in 0.7 ml CH,Cly+a few drops of TMS),
1, 26.38 (0.63); 2, 25.71 (0.75); 3, 21.62 (0.63); C2H5OC015N(N02)Si(CH3)3 (under the same conditions), 1d, a shoul-
der at 26.83 (not measured); 2, 25.77 (0.63); 3, 21.61 (0.71).

The 13C NMR spectra were recorded on a Bruker HX-90 spectrometer at 22.63 MHz using the repeated
scanning technique. The chemical shifts were determined with + 0,1-ppmaccuracy, The N and N NMR spec-
tra were recorded on a Bruker SXP 4-100 spectrometer at 6.05 MHz for 1N, and at 9.12 MHz for 1N, in an im-
pulse regime, again using the signal accumulation technique. The 15N chemical shifts were determined to * 0.4
ppm accuracy. The 1B NMR spectra were recorded on PC-56/19 spectrometer having the working frequency
of 19,27 MHz.

All the experiments with (I)-(III) compounds were carried out under Ar in anhydrous solvents (containing
=0,005% of water). Previously published methods were employed to obtain urethane (IV) [10], its Ag-salt [11]
and also (IV) and its Ag-salt (IV) containing 15N 1abel. CZH5OCON15HNO2 was obtained according to [12] using
15NH4N03 (the degree of enrichment =Z91%). Ag-salt (IV) (3.15 g) in ether (30 mi) was reacted with i-C;H/Br
(6 ml) for 20 h with stirring, the mixture was filtered and the solvent was evaporated under vacuum to give (V)
(1.86 g, 81%) (cf. Tables 1-4).

15N-Labelled (V) was prepared as follows: Ethyl-N-isopropylcarbamate (3.5 g) was added dropwise to the
HNOg (2 ml, sp.g. 1.5) and AcyO (5.8 g) mixture at 20~-30°, cooled to 0° and then poured into ice-cold water (20
ml). The organic layer was separated and the aqueouslayer was extracted with ether; the organic layer and the
extract were combined to give (VI) (2 g, 43%), bp 88° (11 mm); n%)“ 1.4371 (cf., Tables 1-4).

(CHjy)3SiCl (5.5 ml) in CH,Cly (10 ml) was added dropwise with stirring to Ag salt IV) (10 g) in CH,Cl, (40
m]). The mixture was kept for 1 h at 20°, AgCl was filtered off (near 100% of AgCl were recovered) and the res-
idue was evaporated under vacuum (starting at 10 and finishing at 1 mm) to give 90- 95% pure (according to NMR)
(D) in near 100% yield (8.6 g). Compound (I) solidifies at —60° and distills (with partial decomposition) at 70°
(0.9 mm).

* An intermolecular coordination of the boron atom is also possible,
11t was reported previously that borates only were isolated after the reaction between pyridine and diethylboron

nitro derivatives [8, 9].
i With contributions from V. F. Pyaterikov.
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The labelled Ag-salt (IV) was used to prepare 15N-1abelled (I). CH;OH (0.47 g) was added to {I) (1.2 g) in
4 ml CCl;. According to GLC (2 mXx 5 mm column, 10% Reoplex 400 on Chromosorb, 48°, He flow rate 40 ml/
min) and NMR, within 10 min the mixture contained CH;08i(CHy)s, nitrourethane (IV) and a small amount of
hexamethyldisiloxane. The solvents were evaporated under vacuum to give the urethane (IV) (0.7 g, 91%), bp
62° (does not depress the melting point). Diethylboron chloride (0.65 g) was added dropwise to the NH, salt @V)
(1 g) in ether or CHyCl, (15 ml) with stirring at —30 to —40°, the mixiure was kept at this temperature for 1 h,
filtered (at —40°) to remove NH,Cl, and the solvents were evaporated at —30° (1 mm) to give (II) {crystalline at
—20°, decomposes > 0°). To (II) in ether (25 ml) at —40° was added dropwise with stirring a solution of KOH
(0.32 g) in CH3OH (6 ml), the mixture was stirred for a further 20 min at—40° and then heated to 20°, and the
K salt (IV) was then filtered off (0.84 g, 80%), mp 187-188°. UV spectrum in water: 258 nm (log £ 4.03); (cf.
[13)).

Pyridine (1.33 g) was added with stirring to (ID (1.7 g) in CH,Cly (20 ml) at —30°, the mixture was kept for
about 20 min at this temperature and then heated to 20° and stirred for a further 30 min. About a third of the
solvent was evaporated under vacuum, and the residue was precipitated into hexane or ether. The precipitate
was filtered to give (IO) (1.7 g, 729, mp 75-80° (as determined by a capillary method). Found: C 51.10; H7.30;
B 3.82; N 14,97%. Cy,H;BN;O,. Calculated: C 51.24; H 7.11; B 3.91; N 14.94%.

Data on (II) and (1) are summarized in Tables 1-4.

We are grateful to N. O. Cherskaya for recording the low-temperature IR spectra of (I) and to N. I. Shly-
kova and O. A, Luk'yanov for their help in preparing (V).

CONCLUSIONS
The trimethylsilyl and diethylboron derivatives of ethyl-N-nitrocarbamate were prepared.

The former compound was found to exist as an equilibrium mixture of three stereoisomers, i.e., the N-
and O~derivatives together with the previously unknown "imide" isomer. A mechanism of the tautomeric re-
arrangements in the system, involving both the charged ring intramolecular and the dissociative migration of
the Si(CH,); group is suggested,

The latter compound appears to exist in its "imide” form in which the boron atom is coordinated to the
carbonyl group oxygen. The pyridine complex of this derivative has the N-isomer structure.
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