IS}
(e 119,860). PMR spectrum (CDCl; + CDOD), (6, ppm): 3.05 and 3.25 [N(CH,),], 4.2 (CH), 5.76 (H® and H0),
T.46 (HY, HY, HE); Jy g =Jgy =J5 ¢ = 12 H.

Reaction of (I) (n = 2) with Methyl Nitroacetate. To 0.2 g of (I}, n = 2, was added 0.1 g of NO,CH,COOCHj
in 1 ml of dry ether, and the solid which separated was filtered off and washed with dry ether to gove 0.25 g
of the salt (XVII), Ay ,qv (Co,H;OH) 412 nm (e 102, 000).

PMR spectrum (CDCly, 6, ppm): 3.0 and 3.25 [N(CHy,], 3.5 (COOCHy), 5.57 (88 and 1), 6.45 (CH),
7.75 (Ha, H’Y, Hs); JQ,B :JB,'Y :Jé,a =12 Hz.

CONCLUSIONS

1. A study has been made of the condensation of aminals and aminal-acetals of w-dimethylaminopolyenals
with ketones, B-diketones, and CH acids.

2. Several polyene w-dimethylaminocarbonyl compounds {merocyanines) containing 3-5 double bonds
have been synthesized.
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REACTIONS OF CCl,CH,CHCIR RADICALS GENERATED
FROM 1,1,1,3-TETRACHLOROALKANES

N. A. Rybakova, L, N, Kiseleva, UDC 542.91:541.515:547.412
and I. V. Laputina

bClZR' radicals are generated by the action of generating systems containing Fe(CO); with various co-
initiators on polychloroalkanes containing the CCl; group. The radicals are then reduced by hydrogen ab-
straction from a hydvogen donor (HD) and ave competitively rearranged with hydrogen migration and dirserized.
The reduction predominates when using isopropyl alcohol as the coinitiator [1], while the reduction reaction
and rearrangement proceed with approximately identical rates when using HMPTA [2]. Thus, the yield of the
products obtained from the rearranged radical CClZCHZCHCICSHig is 42%. In this case, rearrangements with
presumed 1,7~ and 1,8-hydrogen migrations are observed in addition to 1,5- and 1, 6-hydrogen migrations.
1, 1-Dichloroalkyl radicals obtained from 1,1, 1-trichloroalkanes behave analogously in this system [3].

In the present work, we studied the reactions of radicals obtained from 1,1,1, 3-tetrachloroheptane ()
and 1,1, 1, 3-tetrachlorooctane (VI) by the action of Fe(CO); in the presence of HMPTA or triphenylphosphine
at 140°C. The reaction of (I) yielded 1,1, 3-trichloroheptane (II), 1,1, 3, 5-tetrachloroheptane (III), 1,1,3,6-
tetrachloroheptane (IV), and 5,7,8,10- tetrachloro 7-tetradecene (V) (Table 1). The formation of these com-
pounds indicates that radicals (A) generated from (I) behave analogously to other CCIZR' radicals:

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow.
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimicheskaya, No. 4, pp. 863-867, April, 1983.
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TABLE 1. Reactions of Tetrachloroalkanes CClyCH,CHCIR Initi-

ated by Fe(CO); in Conjunction with HMPTA and PhgP at 140°C
over 3 h in a Nitrogen Atmosphere*

Yt

5 . o e
R intetra-| § ‘,li Reaction products and their yield, % .
hloro- |2 8. ; L
;C;Ikan(; § ,§ $ Jreduction rearrangement with hydrogen migration dimeriza-

SR i

8 §€_§ 15 l 1,6 1,7 l 1,8 tion

) Fe (CO); + HMPTA
C.H, 86 | (I1), 35| (III), 21 (Iv), 19 — — V), 5
CgHyy 85 {(VII), 39 (VIII), 13 (IX), 13 (X), 2 — (XD, 2
CeHyp [2]] 98 {(XIN), 32] (XIID), 19 | (XIV), 20 | (XV), 2 {(XVI), 1,5] (XVI]), 5
Fe (CO); + PhyP

C,H, 75 (in), 6 [ (III), 18 (IV), 16 — —_ V), 15
CsHyy 78 | (VII), 9 (VIID), 47| (IX), 17 (X), 2 —_ (XIy, 13
Celiyy T 80 | (XII), 7| (XIII), 16 | (XIV), 18 | (XV), 2 (XVI), 2 | (XVI]), 14

* 20 mole % Fe(CO);, 40 mole % HMPTA or PhyP relative to the
tetrachloroalkane.

1 Authentic samples for identification of (XiI)-(XVII) were obtained
in our previous work [2].

HD _  CHCLCH,CHCICH,  (II)
1,5H
CCLCH,CHCICH, (1) —>CHCIZCHECEHC]CHZCHCQH5
. | €I
CCl,CH,CHCIC,H, (A)— CHC1,CH,CHCICH,CHCIC,H; (III)
“H K
(=CCICH,CHCICHy)2 (V) L . CHCLCH,CHCI(CH,),CHCH,
|cip

CHCLCH,CHCHCH,),CHCICH, (IV)

Similar products in the reaction of 1,1, 1, 3-tetrachlorooctane (VI}, namely, 1,1, 3-trichlorooctane (VID),
1,1, 3, 5-tetrachlorooctane (VII), 1,1,3, 6-tetrachlorooctane (IX), 1,1,3, 7-tetrachlorooctane (X), and 6,8,9,11~
tetrachloro-8-hexadecene (XI), are formed as the result of reduction rearrangements with 1,5-, 1,6-, anda
presumed 1, 7-hydrogen migration, and dimerization of CCL,CH,CHCIC¢Hy, radicals (B) (see Table 1).

The results indicate that, as in the case of 1,1,1, 3-tetrachlorononane [2], the action of the Fe(CO)5'+
HMPTA system on tetrachloroalkanes () and (VI) gives competing reduction and rearrangement with hydrogen
migration in the radicals formed (A) and (B) which proceed with about the same rate, judging from the yields
of the corresponding products. The products formed due to 1,5- and 1,6-hydrogen migration predominate in
the rearrangement products. A compound which likely forms due to the rearrangement of radical (B) with a
1, 7-hydrogen migration is obtained in low yield.

The use of PhyP as the coinitiator for Fe(CO); holds interest in light of its low hydrogen donor capacity.
As a consequence, we may presume that the ratio of the yields of the products of the competing reduction, re-
arrangement, and dimerization reactions will be different than upon the action of Fe(CO);+HMPTA on 1,1,1, 3-
tetrachloroalkanes. This hypothesis was checked for reactions initiated by the Fe(CO)s+PPhy system. Indeed,
Table 1 shows that the yield of the reduced products is markedly reduced (down to 6-9%), while the composi-
tion and yield of the rearranged products is hardly changed. The yield of the dimerijzation products is in-
creased by 9-11%.

The structure of these products was confirmed by 3¢ NMR spectroscopy (Table 2). The assignment of
the 13C NMR signals was carried out by calculation of the 3C NMR shifts by an additive scheme taking incre-
ments into account [4]. The spectra of n-heptane and n-octane were taken as the bases.

The spectra of tetrachloroalkanes (I) and (VI) contain characteristic signals for the CCl3CH,CHCI frag-
ment attached to an alkyl group and differ from the spectra of trichloroalkanes (II) and (VII) only in the signals
for C1—C?, which indicates the loss of one chlorine atom from the CCl; group.

The spectra of products (III), V), (VII), (IX), and (X), which are isomeric to tetrachloroalkanes (I)
and (VI), lack CClg group signals in the vicinity of 97 ppm and have signals for the CHC1,CH,CHCI fragment
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and a second CHCI group which occupies a different position in these compounds. Thus, the chlorine atom in
(II) is at C® as indicated by the upfield shift of C® (CHCI) and CT (CHj) due to the y-effect of the chlorine atom

at C°, while the chemical shifts of C* and C® indicate the presence of two and one B-chlorine atoms, respec-
tively.

This CHCI group in (V) is at C® as indicated by the chemical shifts of C? (CH,) and C” (CH;) which are
enhanced by the chlorine f-effect. In the isomeric tetrachlorooctanes (VIII) and ‘IX), the second CHCI group
is at C° and Cct, respectively, andthese products have their own characteristie spectra, Thus, for example, in (VIIT)
the signals for C? (CHCI) and C" (CH,) are shifted upfield due to the y-effect of the chlorine atom at C?,

The signals for the CH,CH; fragment in (IX) coincide with those for the :same fragment in (III).

The spectrum of (X) is in accord with the assumption that the second CHCI group is at C'. This is indi-
cated by the chemical shifts for Ct (CH,) and c8 (CHg, which are enhanced due to the presence of a chlorine
atom in the 8-position, as in V). In addition, the signals for the CHCICH; fragment in the spectrum of (X)
coincide with the corresponding signals in the spectrum of (V).

EXPERIMENTAL

The gas—liquid chromatographic (GLC) analysis was carried out on an LKhM-8MD5 chromatograph with
a katharometer and temperature programming from 140° to 270°C on the columns: 1) 1 m X 3 mm packed with
20% SKTFT-50 on Chromatone N-AW (0.16-0.20 mm) and 2) 1 m X 3 mm packed with 15% Carbowax 20M on
Chromatone N-AW-HMDS (0,16-0.20mm). The product yields were found using an internal standard: 1,1,1,3-
tetrachlorooctane (VI) was used for experiments with 1, 1,1, 3-tetrachloroheptane (I), and (I) was used for ex-
periments with (VI) and 1,1, 1, 3-tetrachlorononane, Preparative GLC was carried out on a Tsvet-4-67 chro-
matograph with a katharometer on a 1-m X 9-mm column packed with 20% SKTFT-50 on Chromatone N-AW
(0.20-0.25 mm).

The ¥C NMR spectra were obtained for 20-80% solutions in CCl, using a Bruker HX-270 Fourier spec-
trometer at 67.88 MHz.

1,1,1,3-Tetrachloroheptane (I) was obtained from 250 mmoles 1-hexene, 500 mmoles CCl,, 25 mmoles
Fe(CO);, 100 mmoles HMPTA, and 12.5 mmoles N, N—-diehloro-p-chlorobenzenesulfamide according to-our
previous procedure [5] in 80% yield, bp 63°C (1 mm), nd 1.4740, d,%° 1.2519 [6].

1,1,1,3-Tetrachlorooctane (VI) [7, 8] was obtained analogously to (I) in 75% yield.

Reactions of 1,1, 1, 3-Tetrachloroheptane () and 1,1,1, 3-Tetrachlorooctane (Vi) Initiated by the Fe(CO); +
HMPTA System., All the experiments indicated in Table 1 and preparative runs for isolating the individual pro-
ducts were carried out by a general method [2]. For the preparative runs, reaction mixtures contained 100
mmoles (I) or (VI), 20 mmoles Fe(CO);, and 40 mmoles HMPTA, treated as in our previous work [2], and sub-
jected to fractional distillation in vacuum.

1,1,3-Trichloroheptane (II) was isolated upon repeated distillation of the fraction with bp 70-72°C (8 mm),
bp 74°C (8 mm), n%’ 1.4632, d42° 1.1653. Found: C, 41.07; H, 6.27; Cl, 52.90%. Calculated for CH3Cly: C,
41.28; H, 6.39; Cl, 52.33%.

1,1,3,5- Tetrachloroheptane . (III) was isolated from the fraction with bp 73-75°C (1 mm) by preparative
GLC, nj 1.4839, d,%° 1.2864. Found: C, 35.77; H, 5.04; Cl, 59.54%. Calculated for CqH,,Cly: C, 35.29; H,
5.04; Cl 59.66%.

1,1,3,6-Tetrachloroheptane (IV) was isolated from the fraction with bp 76-77°C (1 mm) by preparative
GLC, n2° 1.4852, 4,%° 1.2836. Found: C, 35.88; H, 4.97; Cl, 59.64%. Calculated for Cqfiy,Cly: C, 35.29; H,

5.04; CI, 59.66%.

5,7,8,10-Tetrachloro-7-tetradecene (V) was obtained by repeated distillation from the fraction with bp
160-165°C (1 mm), bp 167°C (1 mm). Found: C, 50.43; H, 7.22; Cl, 42.14%, mol.wt. 334 (M™). 1Cilculated
for Cy4H,,Cl,: C, 50.30; H, 7.19; Cl, 42.51%, mol. wt. 334. 13¢ NMR speaactrum 0, ppyzng: 13.8 (C**'%), 22.0
(C2 1%, 28.3 (C3:1%), 36.8 (C1o1), 58.6 and 58.4 (C7'Y), 44.4 and 44.2 (C 29y, 128.7 (C18).

1,1, 3-Trichlorooctane (VII) [7, 8] was obtained by repeated distillation from the fraction with bp 63-67°C
(1 mm).

Preparative GLC of the fraction with bp 67-68°C (1 mm) gave 1,1,3, 5-tetrachlorooctane (VIII) and 1,1,
3, 6-tetrachlorooctane (IX). For (VII): nf) 1.4831; ,*° 1.240L. Found: C, 38.13; H, 5.42; Cl, 56.46%.
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Calculated for CgH,,Cl: C, 38.10; H, 5.56; Cl, 56.35%.

For (IX): nf)" 1.4878, d,2% 1.2300. Found: C, 38.05; H, 5.38; Cl, 56.59%. Calculated for C4H,,Cl,: C, 38.10;
H, 5.56; Cl, 56.35%.

A 3:7 mixture of 1,1,3,6-tetrachlorooctane (IX) and 1,1, 3, 7-tetrachlorooctane (X) was obtained by pre-
parative GLC from the fraction with bp 76-84°C (1 mm). Found: C, 38.15; H, 5.49; Cl, 56.57%. Calculated for
CgHy,Cly: C, 38.10; H 5.56; Cl, 56.35%.

Repeated distillation of the fraction with bp 165-168°C (1 mm) gave 6,8, 9, 11-tetrachloro~8-hexadecene
with bp 172°C (L mm). Found: C, 53.24; H, 7.78; CI, 39.00%, mol. wt. 362 (MT). Calculated for CigH,,Cl: C,
53.04; H, 7.73; Cl, 39.23%, mol. mass 362. '3C NMR spectrum (6, ppm): 13.9 (C1+1), 22.4 (C215), 31.1 (C3» 1),
25.8 (CH13), 37.1 (C5:12), 58.7 and 58.4 (C8+11), 44.4 and 44.2 (CT*19), 128.6 (C8+9).

Reactions of (I), (VI), and 1,1,1,3-Tetrachlorononane Initiated by the Fe(CO); + PhyP System. A mixture
of 12.5 mmole (I), (VL), or1,1,1,3-tetrachlorononane, 2.5 mmole Fe(CO);, and 5 mmoles PhsP was heated with stir~
ring in a nitrogen stream for 3 h at 140°C. The reaction mixture was treated as in the experiments with HM-
PTA [2]. The reaction products were identified and their yields determined by GLC using authentic samples
(see Table 1).

The authors thank V. I. Dostovalova for taking the 3C NMR spectra and providing their interpretation.

CONCLUSIONS

1. The reduction of 1,1,1,3-tetrachloroheptane and 1,1,1, 3-tetrachlorooctane to the corresponding
1,1, 3-trichloroalkanes and the rearrangement of 1,1,1,3-tetrachloroheptane to 1,1,3,5~ and 1,1, 3, 6-tetra~
chloroheptanes and of 1,1, 1, 3-tetrachlorooctane to 1,1,3,5-, 1,1,3,6-, and 1,1, 3, 7-tetrachlorcoctanes ini-
tiated by the Fe(CO); + HMPTA system proceed at 140°C with comparable rates.

2. The action of Fe(CO); together with ‘triphenylphosphine on 1,1,1,3-tetrachloroalkanes gives only a
slight amount of reactions of these compounds, while the rearrangement products predominate.
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