CONCLUSTIONS

1. We investigated the thermal transformations of n~hexane, ethylene and a mixture
of n-hexane—ethylene-'*C at 800°C and partial pressures of the starting hydrocarbons not
more than 55 torr. We established that the conversion of ethylene in the presence of n=-
hexane is substantially increased.

2. The data obtained make it possible to assume that in the pyrolysis of n-hexane the
ethylene being formed is involved in the formation of aromatic hydrocarbomns, by interacting
with radicals or with molecules capable of reacting, in particular with 1,3-butadiene.
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OXIDATIVE SPLITTING OF SECONDARY CYCLOALKANOLS BY
Pb(0Ac) ,—LiCl AND Pb(OAc),—Cu(0Ac), SYSTEMS

G, I. Nikishin and N. I. Kapustina UDC 542.943.7+542,92:547,514,46+547.593.2

In the reaction of tertiary cyclic alcohols with oxidizing systems based on lead tetra~
acetate (LTA), oxoalkyl radicals RCO(CH,).lH, (n =2-5) are formed, which in a LTA—Cu(OAc).
system quantitatively transform into w—unsaturated ketones as the result of oxidative depro-
tonation [1], while in the LTA—metal halide system they become oxidized to w-haloalkanones
[2].

Information on the reaction of secondary cyclic alcohols with LTA proceeding with ring
opening is limited. Tt is known that for cyclobutamnol, the contribution of the decyclization
reaction (B-fragmentation) of cyclobutoxyl radicals formed at the first stage to the overall
transformation process is “15%. During oxidation with LTA, secondary cycloalkanols with
Cs~Cis Ting size convert mainly into cyclic ketones; the amount of B-fragmentation products
does not exceed V1.5-4%. If due to structural features of the cycloalkoxyl radicals, their
rearrangement with 1,5~ or 1,6~migration of the hydrogen atom is possible, then epoxycyclo=-
alkanes, products of intramolecular oxidative cyclization, are formed [3].

To prepare w—formylalkyl radicals éHz(CHz)n+1CHO (n =2, 3) and to study their oxidative
transformations, in the present work we oxidized cyclopentancl and cyclohexanol by LTA-LiClL
and LTA—Cu (OAc), system., The reactions were carried ocut at 65-80°C in benzene in the pres-
ence of pyridine (V1 mole per mole of LTA) to complete comversion of LTA.

Table 1 lists the oxidation products of cyclopentanol and cyclohexanol by the LTA—LiCl
gystem, and Table 2 the oxidation products of these alcohols by the LTA—Cu(OAc) . system,
Their formation can be represented by the follewing scheme:
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TABLE 1. Oxidation of Cycloalkanols by LTA—LiCl System*

Cycloal- | Conversion Yield of oxiation products, %
Kkanol of cycloal- B/BY
kanol, % 1@ {an av) W) (VII)
Cyclopen- 95 8 80 2 3 3 11,0
tanol
Cyclohex- 92 43 40 2 4 2 1,1
anol

*65~70°C, 10-15 min, alcohol — 0,01 mole, pyridine — 0.01

mole, benzene — 25 ml, alcohol:LTA:LiCl =1:2:5; conversion
of LTA —~ 100%. Yield of products is given per converted
alcohol.
tMolar ratio of products derived from B (Z(II), (IV), (VIL))
and C(I).
OH [0
| i
/ AN + Pb(OAc)yMX — / \ + Pb(OAc)y/MX + AcOH
N/ N/
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~ i PBOAQJ/LICI H/ N (CHp)n/\/
SH 11
(CHy), H-<—(B)— ()
V) CII)
Ph(0AC)/Cu(OAC) H/\\(CHz)n/\

: (1)
MX = LiCl, Cu(OAc),; n =2 (a), 3 (b).

Cycloalkoxyl radicals A generated at the first stage transform at two directions (b and
¢) simultaneously: They dissociate to form w-formylalkyl radicals B and convert into a-
hydroxycycloalkyl radicals C, which become oxidized into cycloalkanone (I). The oxidation
of radicals A into cycloalkanone by LTA by a synchronous mechanism is also possible. The
w-formylalkyl radicals B are oxidized quantitatively by LTA—Cu(OAc) ; system into w-alkenals
(II1I), while the action of LTA—LiCl leads to the formation of w-haloalkanals (IT) from
them., The hydrogen splitting reaction by these radicals with the formation of alkanals (IV)
proceeds to an inappreciable extent, and its contribution to the overall oxidation process
of cycloalkanol is n2-47,

The rate of decyclization (stage b) of the cyclo-CsHo0' radicals is one order of magni-
tude higher than that of the cyclo-CeH;,0° radicals (the calculation was carried out from
the difference and from the ratio of the products, Tables 1 and 2), which agrees with [4].

In the oxidation of cyclopentanol, aldehydes (II) and (III) are mainly formed, while
from cyclohexanol, besides (II) and (ITI), considerable amounts of cyclohexanone are also
formed. By the action of LTA the alcohols become partially acetoxylated at the OH group.

The decyclization stage of radicals B is reversible, A==B. This conclusion follows
from the existence of a dependence of the molar ratio of products obtained from B and C (see
Table 2, B/C, n =3) on the amount of Cu(II) acetate used., In the oxidation of cyclohexanol
by the LTA—Cu(QAc). system, the contribution of the decyclization reaction (evaluated from
the sum of products obtained from B) increases proportionally to the increase in the content
of Cu(II) acetate in the system. In the absence of the copper salt, which effectively
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TABLE 2, Oxidation of Cycloalkanols by LTA—Cu(0Ac). System®

o= i
£y |8 = Yield of oxidation products, %
5 w=0 129w 54 b
2% |ges |E%dlmas B/C
g g d9g gogl8¢ g {1 am | @) | ovn [(vin
O= |25% O 6wx |+ 0 x
Cyclo- | 1:1:0,1 72 2 15 65 3 5 2 5,0
entano
s abovel 1:2:0,1 98 8 10 59 2 5 2 6,8
Cyclo- | 1:4:0¢ 48 21 63 +d | 3 - - 0,05
Hexxang
As above] 1:1:0,05¢ 51 9 67 14 4 + + 0,3
» 1:4:0,1 60 12 50 20 + 3 2 0.5
» 1:1:0,3 78 10 41 30 + 4 2 0,9
» 1:2:0,1 9 18 37 25 3 6 3 1,0

agp°c, 30-60 min, alcohol — 0.01 mole, pyridine — 0,01
mole, benzene — 25 ml, conversion of LTA — 100%. Yield
of products is given per converted alcohol.

bMolar ratio of products derived from radicals B (Z(III),
(Iv), (VI), (VIII)) and C (I).

CTime of reaction 4 h.

dpetected in trace amounts.

€Time of reaction 1.5 h.

oxidizes radicals B, and thus plays the role of an interceptor, w~alkenals are not formed.

It should be stressed that under these conditions other ring cleavage products are practi-
cally not formed (see Table 2). Lead tetraacetate converts cyclohexanol preferentially into
cyclohexanone, i.e., it oxidizes radicals C and does not react with radicals B, which because
of this cyclize into A. The latter rearrange into C, and then cyclohexanone is formed from
C. These results correspond to the data in [5], according to which 5~formylpentyl radicals
can cyclize according to scheme B - A.

Under the reaction conditions, the oxidation of aldehydes (II) and (III) formed to the
corresponding acids (V), (VI) and the trimerization of (II) and (III) into 1,3,5-trioxane
(VIT), (VIII) are inappreciable

(G501
(") al O/\O
N A NA
an—Ho” \(CHy), LalCHy),,,” 07 NCHy),,Cl
V) (VI

(CH,),CH=CH,
|

0 0/’\0
i i
ANV
(1) — HO/\(CHz)n/\ + CH2=CH(CH2)n/ 0 \(CHz)nCH:CH‘z
(V1) (Vi)
n =2 (a), 3 (b).

EXPERIMENTAL

The GLC analysis was carried out on the LKhM-8MD chromatograph in a nitrogen current,
at a flow rate of 25 ml/min, using a flame-ionization detector and columns 2 m long and 3 mm
in diameter with 15% FFAP and with 15% 1,2,3-tris[(B-cyanoethoxy) ]propane on Chromatone N-AW~
HMDS (0.16~0.20 mm). The yield of the products was determined by the internal standard
method, taking into account the experimentally found correction coefficients. TFor prepara-
tive GLC, a copper column 2 m long and 10 mm in diameter was used with 15% 1,2,3-tris{ (B~
cyanoethoxy) |propane on Chromatone N-AW (0.20-0.25 mm), with carrier gas helium. The PMR
spectra were run on the "Bruker WM-250'' gspectrometer, using CDCl; as solvent; the IR spec—
tra were run on the UR-20 spectrophotometer in a thin layer or in a CCl, solution.

Lead tetraacetate (LTA) was obtained from Pbs0, by the method in [6]. The content of
Pb(IV) in the product obtained and its conversion in the oxidation reaction of alcohols was
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controlled iodometrically [7]. LTA with = 97% of Pb(IV) was used. The initial cyclopen-
tanol and cyclohexanol (grade "pure' preparations) were purified from admixture of cyclic
ketones by treatment with NaBH,, followed by flash distillation. Cu(OAc),*H,0 and LiCl.H,0
(grade '"pure"' reagents) were calcined to remove water of crystallization. Benzene and
pyridine were dried and distilled.

Oxidation of Secondary Cycloalkanols by LTA~-LiCl System (general procedure). A mix-
ture of 0.01 mole of the alcohol, 0.02 mole of LTA, 0.05 mole of LiCl and 0.01 mole of pyri-
dine in 25 ml of benzene was stirred for 10-15 min at 65-70°C, and then it was cooled and
filtered. The filtrate and ether extracts after the precipitate were washed and combined,
and the yield of the reaction products and the conversion of the alcohol were determined by
the GLC method. The experimental results are listed in Table 1. The conversion of LTA, con-
trolled iodometrically, was 100% in all experiments. To isolate the w-chloroalkanals (II),
the combined filtrate was acidified by 10% HC1l, washed with NaHCOs; solution and water, dried
over MgS0,, and distilled. Cyclic ketone (I), saturated aliphatic aldehyde (IV), the w-
chlorocarboxylic acid (V), and substituted 1,3,5~-trioxane (VII) were also identified in the
reaction mixture by GLC, IR, and PMR spectroscopy methods. The overall yield of (IV), (V),
and (VII) is 8%, ‘

Oxidation of Cyclopentanol. The following compounds were obtained in the oxidation of
cyclopentanol: a) 5-chloropentanal (IIa), bp 66-68°C (30 mm). TFound: C 49,10; H 7.30;
Cl 28.57%. CsHeOCl. Calculated: C 50,00; H 7.50; Cl 29.17%. IR spectrum (v, cm *): 655
and 730 (CCl), 1715 (C==0), 2730 (CHO). PMR spectrum (§, ppm): 1.75 m (4H, CH.), 2.45 m
(24, CH.—CHO), 3.50 t (2H, CH.Cl1l), 9.70 t (H, CHO); b) 5-chloropentanocic acid (Va), IR
spectrum (v, em *): 1735 (C==0), 3300 (OH). PMR spectrum (8, ppm): 1.75 m (4H, CHp), 2.35
m (2H, CH,—COOH), 3.50 t (2H, CH,Cl), 10.95 s (H, COOH); ¢) 2,4,6-tris(4-chlorobutyl)~1,3,5-
trioxane (VIIa), PMR spectrum (§, ppm): 1.55 m (6H, CH,—C—O0), 1.75 m (12H, CH.), 3.50 t
(6H, CH,Cl), 4.85 t (3H, H—C—O0).

Oxidation of Cyclohexanol. The following compounds were isolated as the result of the
oxidation of cyclohexanol: a) 6-chlorohexanal (IIb), bp 75-80°C (10 mm). IR spectrum (v,
em™*): 650 and 725 (CCl), 1720 (C=0), 2730 (CHO). PMR spectrum (§, ppm): 1.80 m (6H, CH,),
2.40 m (2H, CH,—CHO), 3.50 t (2H, CH,Cl), 9.75 t (4, CHO); b) 6-chlorohexanoic acid (Vb),

IR spectrum (v, em™*): 1735 (C=0), 3350 (OH). PMR spectrum (8, ppm): 1.80 m (6H, CH),
2.30 m (2H, CH,—COOH), 3.50 t (2H, CH,Cl), 10.90 s (H, COOH); c) 2,4,6-tris(5-chloroamyl)-
1,3,5-trioxane (VIIb), PMR spectrum (S, ppm): 1.60 m (6H, CH,—C—0), 1.80 m (18H, CH,),
3.50 t (6H, CH,Cl), 4.80 t (3H, H—C—O0).

Oxidation of Secondary Cycloalkanols by LTA—Cu(OAc). System (general procedure). A
mixture of alcohol, LTA, Cu(OAc), and pyridine in benzene was vigorously stirred for 30-60
min at 80°C. The mixture was then cooled and filtered. The precipitate was washed with
ether and analyzed iodometrically for its content of Pb(IV) [7]. The conversion of LTA was
quantitative in all the experiments. The filtrate and the ether extracts were combined, and
the amount of the reaction products and the conversion of the alcohol were determined by
GLC. The results of the analysis are listed in Table 2. After the usual treatment of the
reaction mixture (see the above procedure), the solvent was distilled, and the reaction
products were isolated from the residue by either distillation or preparative GLC.

Oxidation of Cyclopentanol, The following compounds were obtained as the result of
the oxidationof cyclopentanol: a)é4-pentenal (IITa), IR spectrum (v, cm~'): 920, 1000 and
1642 (CH,=CH), 1724, 2722 and 2822 (CHO). PMR spectrum (§, ppm): 2.45 m (4H, CHz), 5.00
m (2H, CH,=C), 5.75 m (H, C=CH), 9.70 t (H, CHO), 2,4-DNPH, mp 112-114°C (alcohol). Found:
C 49.10; H 4,615 N 20.95%., Ci;H;2N,0,. Calculated: C 50.00; H 4.55; N 21.21%; b) 4-pen~
tenoic acid (VIa), IR spectrum (v, em~*): 1640 (C=C), 1740 (C=0), 3345 (COOH). PMR spec-
trum (S8, ppm): 2.40 m (4H, CH;), 4.95 m (2H, CH,=C), 5.70 m (H, C=CH), 11.05 s (H, COOH) 3
c) 2,4,6-tris(but-3-enyl)~1,3,5~trioxane (VIIIa), PMR spectrum (§, ppm): 1.60 m (6H, CH—C—
0), 2.40 m (6H, CH,), 4.60 t (3H, H—C—0), 4.95 m (6H, CH,=C), 5.70 m (3H, C=CH).

Oxidation of Cyclohexanol. The following compounds were obtained in the oxidation of
cyclohexanol: a) 5-hexenal (IIIb), IR spectrum (v, em™'): 915, 1005 and 1640 (CH,=CH),
1720, 2725 and 2830 (CHO). PMR spectrum (8, ppm): 2.00 m (2H, CH3), 2.40 m (4H, CHz), 5.15
m (2H, CHp=C), 5.90 m (H, C==CH), 9.25 t (H, COH); b) 5-hexenoic acid (VIb), IR spectrum
(v, cu~*): 1635 (C=C), 1735 (C=0), 3300 (COOH), PMR spectrum (§, ppm): 2.00 m (2H, CH.),
2.30 m (4H, CH,), 5.15 m (2H, CH,=C), 5.90 m (H, C=CH), 11.00 s (H, COOH); c) 2,4,6-tris—
(pent~4—enyl)-1,3,5-trioxane (VIIIb), PMR spectrum (8, ppm): 1.65 m (6H, CHp,—C—0), 2.00 m
(6H, CH,), 2.35 m (6H, CH,), 4.85 t (3H, H—C—0), 5.00 m (6H, CH.=C), 5.95 m (3H, C=CH).
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CONCLUSIONS

As the result of the reaction of cyclopentanol and.cyclohexanol with the Pb(0Ac),~LiCl
and Pb(OAc),—Cu(OAc), systems, w-formylalkyl radicals CH,(CHz)p+:CHO (n =2, 3} are formed,
which are oxidized by these systems into w-chloroalkanals and w-alkenals, respectively.
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«~KETO DERIVATIVES OF N-NITRAMIDES AND N-NITRAMINES

0. A. Luk'yanov, A. A. Onishchenko, UDC 542.943:347.416
Yu. B. Salamonov, and T. V. Ternikova

To synthesize and to investigate the properties of the previocusly unknown a-keto deriva-
tives of N-nitramines and N-nitramides, we studied the oxidation of N~(B-hydroxyalkyl)-N-
nitramine compounds [1] and the alkylation of salts of N-nitramides by halomethyl ketones.

The oxidation of N-(B-hydroxyalkyl)-N-nitrosulfonamides by chromic anhydride in H,S0,
or AcOH leads to the formation of a-carboxyl or o~keto derivatives of N-nitramides (IIa-c),
depending on whether in the initial compounds the hydroxyl group is attached to the primary
or secondary carbon atom

CrO.
Me—/\fSOQTCHz(IIHR L Me__®~soz1\]mmclﬁ
= — |
No, NO, OH Yo, NO, O

(0
R = H (Ia); OH (lla); Me (Ib), (Ifb), CH,CI (I¢), (IIc).

,\
—
F—t

—

The yields of (II) are 78-98%, and thus the above reaction may serve as a convenient method
for their synthesis.

For this purpose we can also use the reactions of salts of nitramides with bromomethyl
ketones, as shown on the example of a reaction of potassium, silver and triethylammonium
salts of m~nitro-p-toluenesulfonic acid N-nitramide (IIIa-c) with bromoacetone (IVa) or
bromoacetophenone (IVb); however, the yields of (II) thus décrease to 25-35%, which is pos-
sibly explained by the formation of alkylation products at the oxygen atom of the nitramine
group

Me—¢  D—SO0,N-M* -+ BrCH,CR - (1)
=" i
to, NO, 0

(1) (IV)
R = Me (IIb), (IVa); Ph (Ld); (IVb); M =K (Illa), Ag (Illb); HNE (Ilic).

The structure of (II) is confirmed by elemental analysis, IR and PMR spectra.
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