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Abstract—Diene condensations of hexachlorocyclopentadiene and 5,5-dimethoxytetrachlorocyclopentadiene
were carried outwith dienophiles of allylacetyleneseries. The reaction wademonstrated to proceed
stereospecifically yielding adducts of tledoconfiguration. The reactivity of functionalized allylacetylene
compounds in the diene synthesis with hexachlorocyclopentadiene sivaied, and the reaction was
established to occur by the type of ‘meutral’ diene synthesis. It was established that the Faworsky
decomposition of polychlorobicyclic alcohols containing in the side chaitrigle bond adjacent to a
methylene group occurreadgith acetyleneallene isomerization.

Conjugated and unconjugated enynes can be used the adducts prepared and some chemical reactions
as dienophiles for preparation of cyclic compoundsthereof were studied. lextension of the investiga-
especially norbornene and halo-substituted derivativetion on the unconjugated enyne systems reactivity as
that may serve as monomers and modifiers in thénfluenced by functional groups in the Dieislder
polymer chemistry [33] and as synthons in the reactions with electron-donor dienes [8] we studied
organic synthesis [3]. the diene condensation of hexachloropentadighp (

We reported formerly [6, 7] odiene condensation With polyfunctional compounds of allylacetylene
of certain vinyl- and allylacetylene compounds withseries (lla-g, IVb, h).

cyclopentadiene, hexachlorocyclopentadiene, and We demonstrated that polychlorocyclic dienedi

3,o-dimethoxytetrachlorocyclopentadiene. It Was‘cIeanIy react with dienophiles of allylacetylene series

demonstrated that the reaction occurred at vinyl grou . T
and yielded the corresponding adducts. The structur;g.”al -0, Vb, h) at heating to 96120°C yielding by

iene condensation the correspondingdducts,

cl chlorinated bicyclo[2.2.1]heptene¥-Vla-g, VII-
cl Villb, h.
Y CX-CH,C=CR _
+ Elemental analyses, GLC and TLC confirm the
Cl Y CH, composition and homogeneity of the addu¢tsvia -
ql g, VII-Vlllb, h, and IR and'H NMR spectra un-
LI IITa-g, IVb, h ambiguously prove theirstructure. The coupling
] . . do
constants of the three interacting protongH@ )
v Y C®H®*® and CH (Table 3) in adducty/d-g, Vid-g
ca N uniquely determine that the substituent acqueedo
configuration.
cll ol N\ CH,C=C—R Adducts Vb, Vib, Vilh, Vilib, h originating
ge’ H®' from allylacetylene carbinolsliib -IVb with the

dienesl, Il under study may be used for preparation
of versatile polychlorobicycloheptene derivatives. In

Il -VIIl, R = H (@), C(CH,),OH (b), C(CH,),OCH, particular, we carried out the reversed Faworsky

Va-g, VIa-g, VIIb, h, VIIIb, h

(c), C(CH,),0COCH, (d), C(CH,),0CH,CH,CN (e), reaction and the stepwise hydrogenation. It was
C(CH,),CI (f), C(CH,),Br (g), CH,OH (h); X = H (V, established that in the reversed Faworsky reaction of
V1), Cl (VII, VIII); Y = CI (I, V, VIl'), OCH, (Il polychlorobicyclic alcohols Vb-VIlIb  unlike the

VI, Vil ). behavior of bicyclooctene alcohols [8] alongside
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224 VELIEV et al.

Table 1. Physical properties and elemental analysesoofipounds/d-g, VId-g, VIib, Vllib, h, X, Xl -XIX?

Compd.Yield, bp, °C Found, % Calculated, %
no. | % | (p, mmHg),| nY o2° Formula
mp, °C C H |[CI(Br) N C H |CI(Br) N

vd 82.8 |185-186(2) |[1.5429|1.4318|41.10(3.22 |48.51
Ve 86.0 |203-204(2) |[1.5362|1.3877|42.77(3.39 |47.41|3.01
\i 54.6 |161-162(1) |[1.5676|1.4798|39.23(2.71 |58.00
Vg 60.8 |170-172(1) |[1.5700|1.6074|45.40(3.92 |42.00 1uClgBr 144.40 (3.90 |43.70
vid 83.4 |193-194(3) |[1.5235|1.3154|47.35(4.69 |33.10 Cl,O, |47.46 |4.68 (32.96

C,H,.Cl0, |41.04 |3.22 |48.45
C,H
C,.H
C,.H
C,H

Vle |88.5 [217-219(2.5) [1.5190|1.2872|49.06|4.81 |32.12|3.20|C,H,,CI,NO, |49.00 [4.79 |32.14|3.17
C,H
C,H
C,H
C,H
C,.H

CINO |42.70 |3.36 |47.27|3.10
HiuCly 40.69 |2.64 [59.80

VIf 72.8 |164-165(1) ([1.5412|1.3562|45.40(4.92 |42.00 15H16C150 44.40 |3.90 [43.70
Vig 69.5 |184-185(1) |[1.5505|1.4602|41.71(4.10 |48.12 16C1,Bro,|40.03 [3.50 |49.26

Vilb |25.0 [104-105 36.302.67 |57.41 H,Cl,O |36.19 |2.57 |57.53
Villb |29.6 |82-83 32.80|1.70 |61.58 H,.Cl.O, [32.76 |1.75 |61.53
Villh |24.8 |184-185(1) |1.5620|1.5165|39.42|3.38 |44.69 H;:Cl.O, |39.58 |3.32 |44.93
X 81.6 |74-75 32.24/1.24 |66.53 C,H:Cl, 32.17 |1.35 |66.48
Xl |85.4 |55-56 39.66(3.12 |48.51 C,H,,Cl.O, |39.54 |3.04 |48.63
Xl |90.7 |145-146(2) |1.5626|1.5474|35.45/1.90 |62.91 C,HCl, 35.39 [1.77 |62.84
XIV  |80.3 |155-156(2) |1.5810|1.6352|32.26|1.28 |66.65 C,H:Cl, 32.17 |1.35 |66.49
XV |96.0 |145-146(1.5) |1.5319|1.3502|43.55|3.70 |43.15 C,H,ClLO, |43.63 |3.63 [43.03
XVl |84.6 |152-153(1.5) |1.5605|1.4916|39.68|2.89 |48.70 C,H,,Cl.O, |39.54 |3.04 |48.63
XVl |72.0 |185-188(1) |1.5542|1.6010|38.20|3.63 |49.10 C,H.ClLO |39.13 |3.53 |48.75
XVIII |79.0 |183-185(1) |1.5332|1.3877|45.78|5.70 |39.90 C,H,ClLO, |46.18 |5.16 [36.34
XIX |55.6 [70-71(12) |1.4770|0.8800|74.80|11.40 CeH,.0, 75.50 |11.09

& Physical properties and spectral data of compowfais, Vla-c not included into Tables-B were published in [4, 6].

Table 2. IR and*H NMR spectra of bicyclo[2.2.1]hepten&&l-g, VId-g, VlIb, h, Vilib, h

Compd. Proton signals,3, ppm IR spectra,v, cm*
no.
x° H® H® (H" HeH® R Cc=C C=C |C-Hig
vd 290 m| 2.56 d.d 1.90 d.d 245 m (150 s, 1.90 s 2265 1625 660
Ve 292 m| 2.60 d.d 1.78 d.d 240 m (1.30 s, 3.60 {OCH,), 2250 1630 710
2.40 t (CHCN)
Vf 3.15 m| 254 dd 1.70 d.d 248 m [1.95 s 2260 1620 670
Vg 2.80 m| 2.45 dd 1.69 d.d 258 m (190 s 2255 1640 660
Vid 260 m| 2.25 d.d| 1.60d.d (3.52d)] 240 m (1.48 s, 1.90 s 2230 1630 650
Vie 2.65 m| 252 d.d| 1.60d.d (3.50d)| 2.35 m [1.25 s, 3.35 {(OCH,), 2240 1630 650
2.40 t (CHCN)
VIf 3.05 m| 245 d.d| 1.58d.d (3.30d)| 2.34 m (1.80 s 2260 1620 655
Vig 272 m| 233 dd| 1.52d.d (3.25d) 2.45 m |(1.75 s 2245 1635 650
Vilb 254 d 1.72 d 3.10 s [1.33 5, 1.70 s 2240 1630 665
Vilh 245 d 181 d 295 s (435 t, 270 s 2245 1635 640
Vb 250 d | 1.69 d (3.45 d)| 3.10 s [1.27 s, 3.05 s 2250 1640 670
VIillh 240 d | 1.77 d (3.40 d)| 2.90 s |4.30 t, 3.15 s 2255 1625 655
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DIENE CONDENSATION OF POLYCHLOROCYCLIC DIENES 225

terminal acetylene compounds were also obtained@fable 3. Coupling constants in polychlorobicycloheptene
allene derivativesXIll -XVI . adductsVd-g, Vid-g

We developed a procedure for preparation in high

yield of polychlorobicyclic compounds with the COMPd- | Js6. Hz J5,6 HZ J,6, Hz
terminal acetylenelX-XII) and allene XIlI -XVI) no.
bonds. The structure otompoundsIX-XVI was

vd 11.5 4.1 9.3

confirmed by IR and*H NMR spectra (Table 4). In

the IR spectra of the compounds clearly appear the Ve 12.6 4.2 9.1
bands from monosubstitutedacetylene (3310 i 13.2 4.3 9.6
3320 crﬁl) (IX-XIlI') and allene (19561965 crﬁl) Vg 121 3.9 9.1
bonds KiIll -XVI). Vid 12.1 3.8 9.3
1 . Vie 12.5 3.5 9.5
In the "H NMR spectra are present the signals v 12.6 37 90
from the hydrogen of the terminadcetylene bond Vig 11.7 3.7 92
-C=CH (IX-XII') [, ppm, 2.50 s £CH)] or the
signals from the hydrogens belonging tallene Publdata | 10.4-13.7 2.55.0 9-10

system Kill -XVI) -CH=C=CH, [5, ppm, 5.80 t [9. 10]
(=CH) and 5.15 d (=CH,)].
The reduction of the triple bond in the side chaincoppered zinc powder in watexther medium result-

of the adductsVvb, VIb (polychlorobicycloheptene ing in formation of the corresponding diene alcohols
alcohols) is easily performed by treating them withXVIl -XIX .

e
AR el c=cH’
Cl H6’
cl X CH, cl & H
CH,c=c—on — KO IX-XII
a L, ~CH.COCH, Cl,
cl 3 Cl 5, X
— CH=C=CH,
cl
cl
XII-XVI

Y= CI, X= H (X, XIl ), Cl (X, XIV); Y= OCH,, X= H (XI, XV), CI (XII, XVI ).

Cl Cl
Cl X CH Cl CH
| Zn/Cu X [
CHZCECC|—OH = CHZCH=CHC|—OH
Cl CH, Cl CH,
Cl Cl
XVII, XVIIT
Cl Cl
O |l
& Y “ Y
=7
|
o | Y cl Y
Cl Cl
H, CH,
Zn/Cu |
CH2=CH—CH2CEC$—OH CH2=CHCH2CH=CHC|—OH
CH, CH;

Y = CI (XVII), OCH, (XVIII ).
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226 VELIEV et al.

Table 4. IR and ‘*H NMR spectra of compoundXIll -XVI

Compd. IR spectra,v, Proton signals,3, ppm
no. cm*
H° Jo.68 Hz H° H® H’ H® H®(OCH,),
Xl 1960, 1615, 955, 76% 3.10 m 11.8 2.60 d.d| 1.90 d.d 590t | 515 d
)Y 1955, 1605, 960, 780 3.05 m 12.1 2.75 d.d| 1.80 d.d 5.85 t 520 d 355 d
XV 1965, 1610, 950, 77( 11.7 2.64 d 168 d 595t | 512 d
XVI 1960, 1615, 955, 76( 12.2 258 d 1.74 d 5.93 t 5.17 d 3.50 d

The data of'H NMR and IR spectra showed that acetylene, allylacetylene, ethylene, acetylene, propyl-
hydrogenation of polychlorobicyclic alcohol¥b, ene, andmethylacetylene). The quantum-chemical
VIb and allylethynyldimethylcarbinol occurred regio- calculation of the molecules was carried out along
selectively, exclusively at the triple bond yielding MINDO/3 method [1315], LUMO and HOMO
diene alcohols of trans-configuration (coupling energy levels were estimated (Table 5).
constants at the_double bond ar_nounted te]_B6H_z). .. As seenfrom Table 5, the dienophiles are better
The dienes ob'taln'ed undergo diene condensation WltQlectron donors than hexachlorocyclopentadiene.
{ohocely%lz)lglrjcl)ecygl(l)% g 'ZT&? tr(l)a:fafgrse::r:%(:iaicriggésnwhere These data suggest that the reactivity of dienophiles

9 ' [lla -e will grow with increasing electron-donor

The stepwise hydrogenation proceeds forZbh character.

at 40-45°C; the increase of reaction time to 100 h The comparison of calculation results for the dieno-

does not result in higher yield of compound¥Ill, , . : X
L .2 ; _ philes under consideration (Table 5) permits a con-
XIX. Under similar conditions the reduction of allyl clusion that in going from vinyl- andllylacetylenes

ethynyldimethylcarbinol occurs with formation of a to acetyleneproper increases HOMO energy and

1,4-diene alcoholXIX in a fair yield (60%). It is :
. ecreases that oLUMO, therefore vinylacetylene
known that to the treatment of various aspects Oghould be the most reactive.

diene synthesis is applied the analysis of orbita
interactions between the reacting systefhg, 12]. _ _ _ _
To elucidate the dependence on the functiagralups CH=CH-C=CH > ChH=CH-CH,C=CH
character of the reactivity of the allylacetylene > CH;-CH=CH, > CH;-C=CH

compounds in reaction with dienes of acceptor nature > CH,=CH, > HC=CH

we studied in this work the kinetics of dienophiles

llla —e condensation with diene. We also analyzed Note that in the molecules of highly unsaturated
from the viewpoint of the theory of molecular orbitals dienophiles containing both double and trigdends,
interaction the highly unsaturated dienophiles (vinyl-e.g. invinyl- and allylacetylene, the contribution of

Table 5. Characteristics and difference between energy levels of diene HOMO (A) and LUMO of some dienophiles (B)

Compound HOMO, eV [ LUMO, eV |LUMO-HOMO, [LUMO-HOMO, |LUMO-HOMO,
Es-En (E) Er-Es (E) Ee-Es (B9
Hexachlorocyclopentadiene () -9.268 -1.423
CH,=CH-C=CH 29.261 1.466 10.734 8.16 10.727
CH,=CH-CH,-C=CH -9.758 1.737 11.01 8.34 11.50
CH,-C=CH -10.153 2.324 11.59 8.73 12.48
CH,=CH, -10.390 2.199 11.47 8.97 12.59
HC=CH -10.800 2.287 11.55 9.38 13.09
CH,-CH=CH, -9.865 1.768 11.04 8.44 11.63

& The energy difference of LUMO and HOMO of hexachlorocyclopentadi&pe7.84 eV.
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Table 6. Kinetic and thermodynamic characteristics of the Diglisler reaction between hexachlorocyclopentadiene
and allylacetylene and its derivatives

Dienophile Rate constantx10%, | mol™* min™ E,, AH, -AS, AG?,
no. at temperature°C kJ mol™* kJ mol* J mol* deg* kJ mol™*
60 70 80 90
llic 10.8 15.5 20.0 23.3 15.7 8.82 273.0 100.7
b 9.1 13.3 19.1 23.1 22.0 15.15 253.6 101.0
llle 8.3 13.0 16.6 22.5 17.2 10.33 267.6 102.8
lid 6.6 8.3 12.5 18.7 22.6 15.77 255.96 104.5
llla 6.0 8.1 11.6 15.0 27.5 20.67 241.4 105.8

ethylene fragment igreater, andliene condensation The reaction studied is characterized by large
should occur just at this bond (Table 5). This resultnegative values of activation entropy and relatively
is consistent with the experimentalata. low activation energy common to concerted reaction

The reaction kinetics was measured by GLCOf diene synthesiq17, 18]

monitoring the consumption of diene in the reaction Proceeding from the analysis of donor-acceptor
mixture with time (molar ratio dienalienophile 1:1, characteristics of the addends anom the viewpoint
reaction time 412 h, temperature range 680°C, of the theory of molecular orbitals interaction the
solvent toluene). For quantitative evaluation of dieno-observed dependence of alkenyne reactivity on the
philes reactivity as a function of their structure thenature of the functional groups may be understood as
experimental results were processed according to theaused by effect of donor-acceptor interaction and
secondorder equation. The rateonstants were cal- by localization energy similar to the reaction with
culated from decrease irdiene concentration in the electron-donor diene, 1,3-cyclohexadief]. Thus
reaction mixture according to the equation of a bi-the data obtained allow a conclusion that the diene
molecular reaction at equimolar ratio of the reactingsynthesis of allylacetylene and its derivatives with
addends [816]. Theaverage values of the rate con- hexachlorocyclopentadiene belongs to ttreeutral
stants are given in Table 6. diene synthesis type where both diene and dienophile

It follows from Table 6 that the reaction rate is may play part of HOMO and UMO components.

affected both by théemperature and the character of

the functional groups in dienophile. It is an additional log k

evidence of the fact that the reactivity of allylacetyl-

ene and its derivatives depends on the donor-acceptor —27

interaction between the componen&nce the hexa-

chloropentadiene in the reactions plays the part of

electron-acceptor then the electron-donor groups in 29

the dienophile increase its dienophilic reactivity. s
1

With all dienophiledlla -d the plot of logK versus
reciprocal temperature (in Arrhenius coordinates) is —3.1
linear (seeFigure). From theslope of the plots to the
abscissa axis were determined the apparent activation

energies [,) of hexachlorocyclopentadiene condens- -33L ! ! !
ation with allylacetylenes used to calculate the 27 29 31
thermodynamical parameters of the reactions 1T x 10°

(Table 6). The values of the rate constants obtained _
permitted to set the activity series of dienophiles Plot of log rate constants versus reciprocal temperature for

llla -e in reaction with dienel: the reaction between hexachlorocyclopentadiene and allyl-
acetylenes: ) CH,=CH-CH,C=CR. R = H, @)
C(CH,),0OCH;> C(CH,),0H> C(CH,),0CH,CH,CN C(CH,;),0COCH, (3 C(CH),CH,CH,.CN, (4
> C(CH,;),0COCH > H. C(CH,),0H, (5) C(CH,),0CH;,.
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EXPERIMENTAL 1,2,3,4,7,7-Hexachloro-5-(propadien-1, 2-yl)bi-
IR spectra were recorded on splectro_photo_meter %g[zrhzéll)]hggting-% 407('gzhgargmg%%?&?rﬁ%tr?yl-
l}égl?\l agld U%-ZLQFm'GOOﬁl?OO cm ”reglon .W'thl hydroxy-2-pentynyl)bicyclo[2.2.1]heptene-2, 1.5 ¢

r, Naoi, and LIFprisms irom mulls in mineral ot ,o\yqered potassium hydroxide, and 20 ml of

oil. 'H NMR spectra were registered on spectro-;
oluene was heated to 14D15°C for 3 h. Then the
meters TesleB-487 B (80MHz) and Bruker M-250 oo tion mixture was washed witiater, extracted

(250 MHz) from solutions in carbon tetrachloride, i, ether, and driedvith magnesium sulfate. The
internal referencéiMDS. Thepurity of the products goivents were distilledff, the residue was distilled
obtained was checked by TLC on Silufol UV-254 i, 5 vacuum to afford compourlll . IR spectrum
plates with fixed silica gellayer, eluent benzene (v, cm‘l): 1960, 1615, 955, 7651.H NMR spectrum
ether, 3:2, development in iodinevapor. Yields, (5 ppm): 3.10 m(1H, H®, 2.60 d.d (1H, H),
physical constants, and elemental analyses are Iist@QQ d.d (1H, M), 5.90 t (1H, H), 5.15 d (2H
in Table 1. The kinetic experiments on diene con-g.8). 3o o 118, ol '
densation were carried out in ampules at molar ratio e

diene : dienophile equal to 1:1, solvetluene. The In a similar way fromadductsVib, Vlib, Vlilb
reaction monitoring was carried out by GLC with the Were obtained respectively the following allenes.
use of LKhM-8MD chromatograph [column 280 Compound XIV. IR spectrum ¢, cml): 1955,
0.4 cm, stationary phase SE-30 on Chromaton-W 605, 960, 780'H NMR spectrum &, ppm): 2.64 d
(3%), flow rate of carrier gas 30 ml mift]. The rate  (1H, H%), 1.68 d (1H, H), 5.95 t (1H, H), 5.12 d
constants of the secoratder process werealculated (2H, |-|8'8); Jo o 11.7.

from consumption ofdiene in time with accuracy Compound XV. IR spectrum ¢, cni): 1965,

+5%. The values given are averagé®m three 1 ;

parallel runs. In thekinetic experiments were used 1610, 250’ 770.-HINMR spectrum & ppm):; 3.05 m
: 1H, H), 2.75 d.d (1H, H), 1.80 d.d (1H, ), 5.85

the freshly prepared samples of diene and dienophile: 7 8 .
CompoundsVa-c, Vla-c were prepared before [4, (1H, H), 5.20d (2H, %), 3.55 d [6H,(OCHy),J;

6] and their constants were consistent with thosels,6' 12.1.

published. Compound XVI. IR spectrum ¥, cmh): 1960,
General procedure for preparation of polychloro- 1615, 255’ 760:H NMR spectrum & ppm): 2.58 d

bicyclic adducts of acetylene series Ve, Vid-g, ~(I1H, H), 1.74 d (1H, H), 5.93 t (1H, H), 5.17 d

Vilb, h. A mixture of 0.1 mol of dienel, Il and (2H, H®), 3.50 d [6H,(OCH,),]; Jg ¢ 12.2.

0.1 mol of dienophilélla -g, IVb, h was heated for 1 1-Dimethyl-2,5-hexadien-1-ol (XIX).To a solu-
6-10 h in the presence @.05 g ofhydroquinone ina tion of 12.4 g (0.1 mol) of allylethynyldimethyl-
sealed ampule at 9020°C. The products were sub- carbinol in 30 ml of ether was added 4 ml of water
jected to vacuumdistillation. and 7.4 g of coppered zimdust. Thesuspension was

1,2,3,4,5,7,7-heptachloro-5-(propyn-2-yl)bicyclo- stirred under reflux for 11 h at 434°C. Then was
[2.2.1]heptene-2 (X).A mixture of 4.3 g (0.0Imol) ~ @gain added gortion of the coppered zinc dust with
of 1,2,3,4,5,7,7-heptachloro-5-(4-methyl-4-hydroxy-Water, and the stirring wasontinued for 23 h. The
pentynyl)bicyclo[2.2.1]heptene-2 and.15 g of third portion of the copperedinc dust and water was
potassium hydroxide powder was subjected to &dded, and the stirring wasntinued for another 10 h
vacuum distillation. The heating rate ensured slowat the same teperature. After appropriate workup
distilling off of decomposition products (the acetoneWe obtained 6.1 §55.6%) of thedienealcohol.
obtalngfl was collected in a coiléthp). IR spectrum Similarly to dienol XIX from alcoholsVb, VIb
(v, cnr): 3320 €C-H), 2125 (GC), 1610(C=C),  \ere obtained compound$VIl, XVIIl . Compound
765 (C-Cl). "H NMR spectrum & ppm): 2.66 d  xy), |R spectrum ¥, cm): 3640, 1640, 760;
(1H, H), 1.72.d (1H, H), 3.05 s (2H, H'), 2181 1y NVR spectrum&, ppm, CCJ): 4.50 m (H), 1.51
(1H, HY); Jg ¢ 12.3. m (H%, 2.55 m (H), 2.40 m (H), 4.90 m (H),

Similarly from compoundVIllb was obtained 5.0 m (H9, 1.10 s and 1.15 s (H), 1.72 s (1H,
compoundXIl . IR spectrum¥, cmY): 3330 £C-H), OH). Compound XVIII , IR spectrum ¥, cmY):
2130 (G=C), 1615 (C=C), 760 (GCl). *H NMR 3620, 1660, 750iH NMR spectrum § ppm): 3.95
spectrum § ppm); 2.61 d(1H, H%, 1.69 d (1H, m (H%), 1.58 m (), 3.0 m (Hf), 3.28 s (H),
H®), 2.95 s (2H, H'7), 2.15 t (1H, H), 3.52d [6H, 2.45 m (), 4.85 m (H), 552 d (HY, 1.32 m
(OCHy),l; Jg g 11.9. (H'Y, 3.20 s (1H, OH).
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