
Q 

(e 119,860). PMR spectrum (CDCI 3 + CD3OD), (6, ppm): 3.05 and 3.25 [N(CH3)2], 4.2 (CH), 5.76 (Hfi and H6), 
7.46 (H (~ , H7, He); J~,f~ = Jf~,7 = J6,e = 12 Hz. 

Reaction of (1) (n = 2) with Methyl Nitroaeetate. To 0.2 g of (I), n = 2, was added 0.i g of NO2CH2COOCH 3 
in 1 rni of-dryether, and the solid which separated was filtered off and washed wiLh dry ether to gove 0.25 g 
of the salt (XVII), Xma x (C2HsOH) 412 nm (e 102,000). 

PM_R spectrum (CDCI3, 5, ppm): 3.0 and 3.25 [N(CH3)2], 3.5 (COOCH3), 5.57 (Hfi and H~, 6.45 (CH), 
7.75 (Ha, H7, He); Jc~,fl =Jfl,7 =Js,e = 12 Hz. 

CONCLUSIONS 

i. A study has been made of the condensation of aminals and aminal-aceta[s of w-dimethyiaminopoiyena[s 
with ketones, fl-diketones, and CH acids. 

2. Several polyene w-dimethylaminocarbony[ compounds (meroeyanines) containing 3-5 double bonds 
have been synthesized. 
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REACTIONS OF CCI2CH2CHCIR RADICALS GENERATED 

FROM i, i, i, 3-TETRACHLOROALKANES 

N. A. R y b a k o v a ,  L.  N. K i s e l e v a ,  
a n d  I .  V. L a p u t i n a  

UDC 542.91:541.515:547.412 

CCI2R' radicals are generated by the action of generating systems containing Fe(CO)5 with various co- 

initiators on polychtoroalkanes containing the CCI 3 group. The radicals are then reduced by hydrogen ab- 
straction from a hydrogen donor (HD) and ave competitively rearranged with hydrogen migration and dimerized. 
The reduction predominates when using isopropyl alcohol as the coinitiator [i], 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 CCI2CH2CHC[C6HI3 is 42%. In this case, rearrangements with 
presumed i, 7- and i, 8-hydrogen migrations are observed in addition to i, 5- and I, 6-hydrogen migrations. 
i, l-Diehloroalkyl radicals obtained from i, i, l-trich[oroalkanes behave analogously in this system [3]. 

In the present work, we studied the reactions of radicals obtained from i, i, 1,3-tetraehloroheptane (I) 
and i, i, i, 3-tetrachlorooctane (VI) by the action of Fe(CO) 5 in the presence of HMPTA or triphenylphosphine 
at 140 ~ The reaction of (I) yielded i, I, 3-trichloroheptane (II), i, I, 3, 5-tetraehloroheptane (Ill), I, I, 3,6- 
tetrachloroheptane (IV), and 5, 7, 8, 10-tetraehloro-7-tetradecene (V) (Table I). The formation of these com- 
pounds indicates that radicals (A) generated from (1) behave analogously to other CCI2R' radicals: 

A. N. Nesmeyanov Institute of Heteroorganic Compounds, Academy of Sciences of the USSR, Moscow. 
Translated from Izvestiya Akademii Nauk SSSR, Seriya Khimieheskaya, No. 4, pp. 863-867, April, 1983. 
Original art icle submitted June 7, 1982. 
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TABLE 1. React ions of Te t rachtoroa[kanes  CC13CH2CHCLR Ini t i -  
ated by Fe(CO)5 in Conjunction with HMPTA and Ph~P at 140~ 
o v e r  3 h in a Nitrogen Atmosphere* 

0 t 
R in tetra- o ~ o 
chloro- ['~ ,- .s= ~ 
alkane [ ~ u 

o ~  

reduction 

Reaction products and their yield,% 
! 

rearrangement with hydrogen migration .[ dimeriza- 

1,5 1 1,6 I 1 .71  i, 8 } ~ion 

Fe (C0)5 + HMPTA 

C'H9 'l 86 (H)'351 (III) '211 (IV)'i9 / I -1 ,5  (v),5 
C5H,I 85 (VII), 39 (VIII), i3 (IX), i3 (X~, 22 V~, ((VXIIj, 2 
C~Hza [2] 98 (XlI), 32 (XIII), i9 (XIV), 20 (XV), (X 5 

Fe (CO)~ + PhaP 

C~HI3 I" 80 (XII), 7 (XIII), IO (XIV), t8 (XV), (XVl), 2 (XVII), 14 

* 20 mole % Fe(CO)5 , 40 mole% HMPTA o r  l~haP re la t ive  to the 
te t rachloroalkane.  

Authentic samples  fo r  identification of (XII)-(XVII) were  obtained 
in our  previous  work [2]. 

CCI3CH~CHCIC~H 9 (I) 

(;CI~CH~CHC1C4H9 (A ) - -  

(=CClCH~JHCIC4Hg)2 (V) 

HD �9 CHCI~CHzCHC1C4H ~ (II) 
1,8-H 

~ CHCI~CH~CHCI CH~HC~H5 
~ C1D 

CHCI~CH~CHC1CH~CHCIC2H5 (IIl) 
1 6-H ..... ~ CHCI~CHzCHCI(CH~)~HCH 8 

I C1D 
CHCI~CH2GHC1 (CH~)~CHCICH3 (IV) 

Similar products in the reaction of I, i, I, 3-tetracMorooctane (VI), namely, i, i, 3-trichlorooctane (VII), 
i, 1,3,5-tetraehlorooctane (VIII), i, 1,3, 6-tetraehlorooctane (IX), i, 1,3, 7-tetrachlorooctane (X), and 6, 8, 9, ll- 
tetraehloro-8-hexadeeene CKI), are formed as the result of reduction rearrangements with i, 5-, 1,6-, and a 
presumed i, 7-hydrogen migration, and dimerization of CCI2CH2CHCICsHIi radicals (]3) (see Table i). 

The resu l t s  indicate that ,  as in the case of 1, 1 ,1 ,3 - t e t r aeh lo rononane  [2], the action of the Fe(CO)5 + 
HMPTA sys tem on te t rach loroa lkanes  (1) and (VI) gives competing reduct ion and r ea r r angemen t  with hydrogen 
migrat ion in the radicals  formed (A) and (B) which proceed  with about the same ra te ,  judging f rom the yields 
of the corresponding products .  The products  fo rmed  due to 1, 5- and 1 ,6-hydrogen migra t ion predominate  in 
the r ea r r angemen t  products .  A compound wMch likely fo rms  due to the r ea r r angemen t  of radical  (13) with a 
1 ,7-hydrogen  migrat ion is obtairied in low yield.  

The use of Ph3P as the coinit iator for  Fe(CO)5 holds in te res t  in light of i ts  low hydrogen donor capacity. 
As a consequence,  we may p re sume  that the rat io of the yields  of the products  of the competing reduction,  r e -  
a r rangement ,  and dimerizat ion reac t ions  will be different  than upon the action of Fe(CO)5+HMPTA on 1, 1 , 1 , 3 -  
te t rachloroa lkanes .  This hypothesis  was checked for  reac t ions  initiated by the Fe(CO)5+ P P h  3 system. Indeed, 
Table 1 shows that the yield of the reduced products  is markedly  reduced  (down to 6-9%), while the composi-  
t ion and yield of the r ea r r anged  products  is hardly  changed. The yield of the d imer iza t ion  products  is in-  
c r ea sed  by 9-11%. 

The s t ruc ture  of these products  was confi rmed by t3C NMR spec t roscopy  (Table 2). The assignment  of 
the t3C NMR signals was ca r r i ed  out by calculation of the 13C NMR shifts by an additive scheme taking i nc r e -  
ments  into account [4]. The spec t ra  of n-heptane and n-octane  were  taken as  the bases.  

The spec t ra  of t e t raeh loroa lkanes  (1) and (VI) contain cha rac t e r i s t i c  signals for  the CCI3CHzCHC1 f rag-  
ment at tached to an alkyl group and dif fer  f r om  the spec t r a  of t r i eh loroa lkanes  (II) and (VII) only in the signals 
fo r  c i - c  3, which indicates the loss  of one chlorine atom f ro m  the CC13 group. 

The spec t ra  of products  (III), (IV), (VIII), (IX), and (X), which are  i so m er i c  to t e t rach loroa lkanes  (I) 
and (VI), lack CC13 group signals in the vicinity of 97 ppm and have signals for  the CHCI2CH2CHCI f ragment  
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and a second CHCI group which occupies  a differer~t posit ion in these  compounds. Thus, the chlorine atom in 
(III) is at C 5 as  indicated by the upfield shift of C 3 (CHCI) and C 7 (CH 3) due to the T-effect  of the chlorine atom 
at C 5, while the chemical  shifts of C a and C 6 indicate the p re sence  of two and one f l-chlorine a toms,  r e s p e c -  
t ively.  

This CHC1 group in (IV) is  at C 6 as  indicated by the chemical  shifts of C 5 (CH2) and C 7 (CH~) which a re  
enhanced by the chlo.rine fl-effect.  In the i somer i c  t e t rach lorooc tanes  (VIII) and (IX), the second CHC[ group 
is at C ~, and C ~, respec t ive ly ,  andthese  products  have the i r  own cha rac te r i s t i c  spec t ra .  Thus, ~for example, in (VII1) 
the signals for  C 3 (CHCI) and C 'c (CH2) a re  shifted upfield due to the ~/-effeet of the chlorine atom at C ~. 

The signals fo r  the CH2CH 3 f ragment  in (IX) coincide with those for  the :same f ragment  in {II!). 

The spec t rum of (X) is in accord  with the assumption that  the second CHC1 group is at C 7. This l s  indi -  
cated by the chemical  shifts for  C G (CH2) and C 8 (CH3), which a re  enhanced due to the p r e sen ce  of a chlorine 
atom in the f l-posit ion,  as in (IV). In addition, the signals for  the CHC1CH 3 f ragment  in the spec t rum of (X) 
coincide with the corresponding signals in the spect rum of (IV). 

E X P E R I M E N T A L  

The g a s - l i q u i d  chromatographic  (GLC) analysis  was c a r r i e d  out on an LKhM-SMD5 chromatograph with 
a lcutharometer  and t empe ra tu r e  p rogramming  f rom 140 ~ to 270~ on the columns: 1) 1 m • 3 mm packed with 
20% SKTFT-50  on Chromatone N-AW(0.16-0.20mm) and 2) 1 m x 3 mm packed with 15% Carbowax 20M on 
Chromatone N-AW-HMDS (0.16-0.20 mm).  The product  yields were found using an internal  standard: 1, 1, 1 ,3 -  
t e t rach lo rooc tane  (VI) was used for  experimer~ts with 1, 1, 1, 3- te t rachloroheptane  (I), and (I) was used for  ex-  
pe r imen t s  with (VI) and 1, 1, 1, 3- te t rachlorononane.  P repa ra t ive  GLC was ca r r i ed  e a t o n  a Tsve t -4 -67  chro-  
matograph  with a ka tha romete r  on a 1-m • 9-ram column packed with 20% SKTFT-50  on  Chromatone N-AW 
{0.20-0.25 mm). 

The i3c NM_R spec t ra  were  obtained for  20-80% solutions in CC14 using a Bruke r  HX-270 F o u r i e r  spec-  

t r o m e t e r  at 67.88 MHz. 

1, 1, 1 ,3 -Te t rachIorohep tane  (I) was obtained f rom 250 mmoles  l : hexene ,  500 mmoles  CC14, 25 mmoles  
F e (CO) ~, 100 mmole  s HMPTA, and 12.5 mmo~e s N, N-d ich io ro-p-ch lo robenzer iesu l famide  according to o u r  
prev ious  p rocedure  [5] in 80% yield,  bp 63~ (1 mm),  n~  1.4740, d4 ~~ 1.2519 [6]. 

1, 1, 1 ,3 -Te t r ach lo rooc t ane  (VI) [7, 8] was obtained analogously to (i) in 75% yield. 

React ions  of 1 ,1 ,  1, 3 -Te t rach iorohep tane  (I) and 1 , 1 , 1 , 3 - T e t r a c h t o r o o c t a n e  (VI) Initiated by the Fe(CO) 5 + 
HMPTA Sy. st_era: All the exper iments  indicated in Table 1 and p repara t ive  ru n s  for  isolating the individual p r o -  
"~]-uct---s we~ce ca r r i ed  out by a general  method [2]. F o r  the p repara t ive  runs ,  reac t ion  mix tures  contained 100 
mmoles  (i) o r  0/I), 20 mmoles  Fe(CO) 5, and 40 mmoles  HMPTA, t r ea ted  as  in our  previous  work [2], and sub- 

jected to f ract ional  dist i l lat ion in vacuum. 

1, 103-Tr icbloroheptane  (II) was isolated upon repeated dist i l lat ion of the f ract ion with bp 70-72~ (Smm), 
bp 74~ (8 ram), n~  1.4632, (142~ 1.1653. Found: C, 41.07; H, 6.27; CI, 52.90%. Calculated for  CTH13CI3: C, 

41.28; i-t, 6.39; C1, 52.33%. 

1 , 1 , 3 , 5 -Te t r ach lo rohep t ane  (Ill) was isolated f ro m  the f ract ion with bp 73-75~ (1 mm) by prepara t ive  
GLC, ~ 1.4839, dt 2~ 1.2864. Found: C, 35.77; H, 5.04; Cl, 59.54%. Calculated for  C7H12C14: C, 35.29; H, 

5.04; C1 59.66%. 

1, 1, 3 ,6 -Te t rach lo rohep tane  (IV) was isolated f rom the f rac t ion with bp 76- 77 ~ C (1 mm) by p repa ra t ive  
GLC, n~  1.4852, d4 z~ 1.2836. Found: C, 35.88; H, 4.97; CI, 59.64%. Cateulated fo r  C7H12C14: C, 35.29; H, 

5.04; C1, 59.66%. 

5, 7, 8 , 1 0 - T e t r a c h i o r o - 7 - t e t r a d e c e n e  (V) was obtained by repegted dist i l lat ion f rom the f ract ion with bp 
160-t65~C (1 mm),  bp 167~ (1 ram). Found: C, 50.43; H, 7.22; CI, 42.14%, moLwt. 334 (M+). Calculated 
for  C14H24CI4: C, 50.30; H, 7.19; C1, 42.51%, mol. wt. 334. lSC NMR spec t rum (5, ppm): 13.8 (Cl ' l t ) ,  22.0 
(C2,t3), 28.3 (C~'tz), 36.8 (C4'll), 58.6 and 58.4 (CS'l~ 44.4 and 44.2 (C6'~), 128.7 (CT'a). 

1,1,  3 -Tr ich lorooc tane  (VII) [7, 8] was obtained by repeated  dist i l lat ion f rom the f rac t ion with hi) 63-67~ 

(i mm). 
P repa ra t i ve  GLC of the f rac t ion with bp 67-68~ (1 mm) gave 1, 1, 3, 5- te t rachlorooctane  (VIII) and 1, 1, 

3 ,6 - t e t r ach lo rooc tane  (IX). F o r  (VIII): n~  1.4831; d420 1.2401. Found: ~ ,  38.13; H, 5.42; CI, 56.46~. 
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Calculated for CsHaC14: C, 38.10; H, 5.56; C[, 56.35%. 

For (IX): n~ 1.4878, d42~ 1.2300. Found: C, 38.05; H, 5.38; C1, 56.59%. Calculated for C8H14C14: C, 38.10; 
H, 5.56; C1, 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~ (1 ram). Found: C, 38.15; H, 5.49; C[, 56.57%. Calculated for 
CsH14CI4: C, 38.10; H 5.56; C1, 56.35%. 

Repe~s distillation of the fraction with bp 165-168~ (1 ram) gave 6, 8, 9, l l - tetrachloro-8-hexadecene 
with bp 172~ (1 ram). Found: C, 53.24; H, 7.78; C1, 39.00%, tool. wt. 362 (M+). Calculated for C1~H28C14: C, 
53.04; H, 7.73; CI, 39.23%, mol. mass  362. 13C N1VIR spectrum (5, ppm): 13.9 (C1'16), 22.4 (C2,15), 31.1 (C3,14), 
25.8 (C4'13), 37.1 (C5,12), 58.7 and 58.4 (C6,11), 44.4 and 44.2 (CT, l~ 128.6 (C8,9). 

Reactions of (I), (VI), and 1,1, 1,3-Tetraehlorononane Initiated by the Fe(_CO)~_+P_h~P_ Syste~n: A mixture 
of 12.5 mmole (I), (VI), or 1,1,1,3-tetraehlorononane, 2.5 mmole Fe (CO) 5, and 5 mmoles Ph 3P was heated with s t i r -  
ring in a nitrogen s tream for 3 h at 140~ 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 13C NMR spectra and providing their interpretation. 

CONCLUSIONS 

1. The reduction of i, i, i, 3-tetraehloroheptane and I, I, i, 3-tetrachlorooctane to the corresponding 
I, i, 3-tricbloroalkanes and the rearrangement of i, i, i, 3-tetrachloroheptane to I, 173, 5- and i, i, 3,6-tetra- 
ehloroheptanes and of i, i, i, 3-tetraeblorooctane to I, I, 3,5-, i, i, 3,6-, and i, i, 3, 7-tetrachlorooctanes ini- 
tiated by the Fe(CO)5 + HMPTA system proceed at 140~ with comparable rates. 

2. The action of Fe(CO)5 together with triphenylphosphine on I, i, i, 3-tetrachloroalkanes gives only a 
slight amount of reactions of these compounds, while the rearrangement products predominate. 

i. 

2. 

3. 

4. 

5. 

6. 
7. 
8. 
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