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Abatraet-A comparative study of the Diels-Alder reaction have been carried out for three types of cyclic 
dienes: cyclopentadiene (CPD), hexachlorocyclopentene (HCP), and tetracblor~l,Zbenxoquinone 
(TCBQ) with dknophiles of five types: monosubstituted acetylenes (propargyl alcohol and its esters), 
conjugated amines (ahyl acetylene, ally1 ethynyldimetbykarbonol and its esters), conjugated dienes 
(2-methylhexadiena3,5_ol-2 and its esters, Icthoxy- and I-ethoxycarbonylbutadien~1,3), and conjugated 
trienes (hcxatriene-1,3,5 and S-methylhcxatriene-I ,3,5). 

It was found that conjugated trienes react with dienes of all types under mild conditions and give only 
the monoadducts through the terminal vinyl or ethynyl group. 

The diene syntheses have been studied in detail for 
hi@y active polychlorinated cyclic dienes of the 
HCP type with a common dienophiles such as maleic 
anhydride, pquinones, and ally1 derivatives.‘3 How- 
ever, the reactions of HCP and TCBQ with di- 
enophiles such as acetylenes, vinyl acetylenes, and 
conjugated diem+ are less well documented, while 
the reactions with dienophiles such as ally1 acetylene 

Diels-Alder reaction with polychlorinated cyclic di- 
enes.‘J In addition to propargyl alcohol we have 
introduced fi-oxyethyl. cyanoethyl esters and acetate 
of propargyl alcohol into the reaction with HCP and 
CPD. The reaction proceeds under optimal condi- 
tions (1%155”, 8 hr, molar ratio-diene: dieno- 
phile = 2: 1) and gives monoadducts of I type, yield 
75-W/,. 

Cl Cl Cl 

+K - CH20R 

C-CHIOR 
CL 

R=CH,CHIOH,CH2CH,CN or CWH, 1 

or conjugated polyenes have not been &en any In contrast to polychlorinated cyclic dienes, the 
attention. In this connection, we have studied the reaction with CPD proceeds under the stronger con- 
Diels-Alder reaction of HCP, TCBQ and CPD (for ditions (175-180”) and @es the mixture of mono- 
comparison) with a series of dienophiles for synthesis and bis-adducts of types 2 and 3. The monoadducts 2 

H a C-CH,OR 

+ Ill 
H CH 

- @-C”zOR + @$JC”~OR 

R = H,CH2CH20H.CH2CH2CN or COCHJ 2 3 

of new functionally substituted di-, tri- and tetracyclic are formed in yields of 7284% when a molar ratio of 
compounds, among which useful derivatives could be diene to dienophile I : 2 is used. And the bis-adducts 
expected. 3 are formed as main products with yields of 75 

86%, when this ratio is 2: 1. The bis-adducts 3 
(1) Reaction of polychlorinated cyclic akes with can be obtained as a result of condensation of 
monosubstituted acetylenes CPD with monoadducts 2 at l&145”, yield being 

Acetylenes are seldom used as dienophiles in the SCrW%. 

749 
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(2) Reactions of polychlorinated dimes with conju- through the vinyl group and gives both monoadducts 
gated enynes 5 and bis-adducts 6. 

The literature states’*’ that diene synthesis of CPD The adducts 5 are formed at 165-170” for 8 hr with 
and HCP with vinyl acetylenes proceeds through the molar ratio of diene to dienophile 1:2 in 7O-89% 

yield, and adducts 6 are formed in S-100/, yield; with 

CHS 

I 
CH-C-C-C-OR 

+ 
II I - 

CHz CH, 

5 6 

R = CH3;CH&H20H 

molar ratio of diene to dienophile 2: 1 in 14 hr the 

double bond only and results in monoadducts with 
adducts 5 are formed in lO-20% yield, and adducts 

good yields. 
6 in 55-70~ yield. 

However, TCBQ was not introduced into the reac- 
tion. First, the diene synthesis of TCBQ was carried 

(3) Reaction of polychlorinated cyclic a%nes with un- 

out with vinyl ethynyldimethylcarbinol (VEDC) and 
conjugated enines 

its methyl ester. This reaction theoretically is likely to 
We have introduced ally1 acetylene (AA), ally1 

follow two different routes: 
ethynyldimethylcarbinol (AEDMC), and methyl es- 

P” 

‘3% 
Cl I 

C,&Q-C=C-_C-OR 

.,..a 

I 
C.&o CH-C-_C-_C-OR "' LL 

Y’ r + II I 
4 

CH, 

R-HorCHa 

At 105-l IO” VEDC reacted with TCBQ giving 
adduct 4, its yield being 85% under optimal condi- 
tions (108, 18 hr, TCBQ:VEDC = 1:2). It will be 
noted that the methyl eater of VEDC reacts with 

TCBQ in benzene solution at room temperature, 
giving adduct 4 (R = CH,) in quantitative yield. 

The condensation of esters of VEDC with CPD 
proceeds under the stronner conditions (165-170”) 

ter of the latter into the condensation with HCP. The 
reaction proceeded more readily than in the case of 
monosubstituted acetylenes at 8O-100” and through 
the vinyl group exclusively, this resulted in mono- 
adducts 7 in 7O-wk yield. 

Cl 

CHI-C-_C-R 
- 

CPD unlike HCP reacts with AA and AEDMC 
under the stronger conditions (1%180”) also 
through end vinyl group, giving both monoadducts 9 
and bis-adducts 10. 
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oc” + I-CH=CH-[iOR _ 

H 1 

CH, 

CH==CH-C-OR 
I,, + @!$CH=CH-[iOR 

13 14 
R=H;CHP;CH,CH10H;CH2CHzCN 

The diene condensation of lethoxybutadiene-1.3 and l-ethoxycarbonylbutadiene1,3 with HCP proceeds 
at 95-100” to form 15: 

&,,, + I;‘“=“-” 
CL 

Cl 

CHxCH-R 

(5) Reactions of polychlorinated cyclic dienes with 
polyenes 

It is known5 that conjugated polyenes add different 
dienophiles in 1,4 position, and diene-1,3 can act as 
dienophile (see preceding section). We have found 
that conjugated polyenes such as hexatriene- 1,3,5 and 
S-methylhexatriene-1,3,5 act as dienophiles with 
HCP. The reaction proceeds at 95-100” through the 
terminal vinyl group and yields the adducts 16 in 
7&75% yields. 

It should be noted that disubstituted trienes of 

pXC,H,(CH=CH),COOC2H~ type (wherein X = H, 
Cl, Br, MeO) do not react with HCP and di- 
methoxytetrachlorocyclopentadiene (DMTCCPD). 

The structure of the adducts obtained (l-16) has 
been conlirmed by elemental analysis and PMR 
spectroscopy. According to the endo-rule all the 
adducts represent endo-isomers. Traces of exo- 
isomers were observed only in the case of 8 (R = H). 
It was demonstrated by H5 signals both in the endo- 
and exo-field; the same sample exhibited a small 
second peak on GLC. 

CL CL 
Cl 

CH-CH=CH-C=CHz. 

+ II 
_ Cl CH--CH--C=CHl 

R CL 
CHI 

Cl 
R 

16 
R=H or CH3 

Table 1. Characteristics of cncrgy levels of HOMO and LUMO for CPD, HCP and some dicnophilcs 

coqmwlLl mmov Lum 

Cyolopentadit3h3 -8.617 0.976 

Hexachloxwoy0lopentadloM -9.268 -1.423 

Butadione-1.3 -8.053 1.125 

Hexatriexm-l,3r5 -8.236 0.657 

Octatetraene-1.3.5.7 -7.883 0.389 

Decapentaene-1,3,7,9 -7.659 0.218 

Vinyl acetylene -9.261 1.466 

Ally1 aoetllene -9.758 1.737 

Pentadlene-1,4 -9.526 1.695 
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Table 2. DitTerence in energy levels of HOMO and LUMO for dienophiles and dienes 

Dlenophlle 

A 

64 62 65 &h 

0 I \ 9.74 9.83 9.98 9.59 

cc~~ ;%,_ _ - _,~,; - - - - _ ,,;, - - - - - - - - - - - -,;, - - - 

Q 
CL Cl 

0 / \ 9.27 9.21 8.69 9.59 

_-__________________~~~~~~~~~~~~~ a_- 

- 

9.93 6.81 7.84 

0 I \ 9.01 8.86 8.28 9.59 

w/, 

7.84 

Menophile A 

W 

DiWle LUMO Horn 
B &r - 6, 

et et eT OV 

0 I \ 8.84 8.64 7.88 9.59 

____________________~~~~~~~~~~~~~~~~ 

9.49 6.23 7.84 

0 I \ 10.24 10.24 10.79 9.59 

CH2-- -----_------------__ 

7.84 7.84 

0 I \ 10.34 10.73 11.50 9.59 

%!==v=~ 

ccT,-,?; 

- - - - - _____________-_________L___ 

CL 
Q 

8.34 8.34 7.84 

CL 

0 I \ 10.51 10.51 11.22 9.59 

CH2-fJH~C~CH2 -_-_-__-_ 

8.11 8.11 7.84 
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Table 3. Ccmditions for reactions between dimes and dienophiles 

CompoundE 
Molar ratio T,W Tirpe, 

diem: dienophlle hour 

1 

2 

2 
4 (R . Ii)++ 

4 (R I Ye)+ 

I (R I Me~CHp20H) 

6 (A I M01CIp20H) 

1 (R.H) 

1 (R I OMe2OH,OMe2OMd 

Q (R I A) 

Q (R . CW,oR) 

Q (R-H) 

Q (R I CMe2OH) 

JQ (R . Me,CH20H) 

11 

xi l * 

s (R . Ye)+ 

U 

14 

11 

IS 

211 150-155 8 

112 170-175 14 

281 180-185 14 

112 108 18 

lc2 25-30 40 

1r2 165-170 14 

211 165170 14 

211 85-90 20 

211 95-100 30 

Ill 150-155 7 

111 175-180 16 

211 150-155 16 

211 175-180 20 

211 110 8 

2rl 95-100 18 

112 lo8-110 15 

lr2 25-30 44 

112 125-140 5 

211 160-165 10 

Ill 95-100 18 

111 95-100 18 

* Reaction wae carried out In benzene; 

l * Reaction was carried out in tolueae. 

Table 4. Constants and elemental analysis data 

.Adduct Yield, B.p.OC Found 

Ilo. (RI % 
(m W 
or m.p. * 4 d2’ (Cdoulatsd. ‘98 

?OlmiLll 

c R cl 

86 186-188(l) 1.5492 1.5870 32.10 2.33 57.32 
(32.17)(2.14)(57.10) Cd802m6 

84.2 157-158(l) 1.5500 1.5426 34i10 1.95 55.60 
(34.29)(1.80)(55.75) 

78.4 140-141(l) 1.5617 1.6170 31.95 l&69 56S 
(32.08)(1.60)(56.90) 

72.1 65-67(l) 1.5366 1.0890 78;5O 8:26 - 
(78.68)(8.19) 

82.2 84-86(l) 1.4999 1.0697 72.09 7.98 - 
(72.28)(7.83) 

84.6 125-126(l) 1.4900 1.0176 7Oi36 7651 - 
(70.28)(7.42) 

79.8 84-85(l) I.5036 1.0724 7O;Ol 7i23 - 
(70.31)(7.03) 

76.2 lO8-llO(l1 1.5437 1.1017 82ilO 8.75 - 
(82,29)(8,51) 

80.5 164-165(l) 1.5290 1.1123 77:34 8.85 - 
(77.58It8.62) 

86.6 164-165(l) 1.5240 1.0971 79.2 d 7;06 - 
(79.6 I(7.48) 
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A (=H3) 76.4 104-105(l) 1.5116 1.5283 Gs, t;:z, - c15%302 

4 (Ii) 85.3 140-141 a% ~~:~,&%, ClPloC1403 

4 (CH3) 93 120-121 - ~%f%,k&~:% c14H12c1403 

P (f=3) 82.1 se-es(6.5) 1.4815 0.9440 82~33 9:22 - 
(82.11) (9.47) clP180 

S (O%CH20H) 75.4 104.5-105(l) 1.4990 1.0185 a:% - tf:z, cl4%Oo2 

a cca,, 75.8 120-121(l) 1.5190 1.0277 c%b @, - %?C?40 

B @'$~OHI 71.3 156-157(l) 1.5220 1.0581 &?::I E% - %sH26'2 

1 ( H ) 78. 65-66 
m, M,&g:, cloH6c16 

1 uxc20E) 90.5 95.5-96.5 - - 39.35 2.98 53.52 
(39.28) (3.02)(53.65? c13H12c160 

z (f+$ae) 95 172-174(3) 1.5386 1.4083 
GE:!, (::M:::z, Cl4~140360 

2 (H) 73 MO-141 0.4894 0.9221 &%, (Kz, - clOH12 

Adduct Yield, B.p.,% 
(mong) Igo 4 d2' 

Pound,% 

Bo. (a) 
tCalculated. I) POlmnil8 

% or m.p. C H Cl 

g (CMe20A) 76.5 86.5-87.5(l) 1.5020 0.9788 (82.10) 82~17 m - %sHIB 

9 (iI) 66.5 87-88 (27) 1.5326 1.0224 90~88 9.12 - 
(90.91) (9.09) C15H18 

2 (cYe20H) 69.5 121-122(l) 1.5284 1.0189 (84.37) 84;14 &% - c18H240 

lQ @H3) 76.3 184-185(l) 1.5520 1.3956 46;28 4;16 46.27 
(46.65) (3.89) (46.00) C18H18C160 

JQ @H2CE20H) 70.7 170-171 - - cm, cti% cg$ c19H20c1602 

11 (HI 82 164-165tO.5) 1.5515 1.4582 (37.40) L::, 37:53 Z:% C12H12C160 

11 (a31 89 144-145C1.5) 1.5550 1.4446 (39.10) t3::s 39.49 &E, c13H14m60 

11 (CH20H20H) 70.6 183.gj84.5 1.5490 1.4614 39.51 
(39.16) C;:% (3:;;) c14H16C1602 

11 @H2~cm 60.2 192-193(l) 1.5440 1.4308 
? .71 
41.1oN::::~ ' ~~:d;, , 

c15H15c161Jo 

12 (HI 89.4 147-148 43.47 3.54 39.62 
(43.58) (3.35) (39.66) C13H12C1403 

DISCUSSION 

This comparative study of the Diels-Alder reac- 
tions between dienes and dienophiles reveals that the 
most reactive diene is TCBQ, which reacts with some 
enynes and conjugated dienes at room temperature. 
Next to TCBQ is HCP which reacts with the same 
dienophiles at 95-100”. Finally, the condensation 
with CPD requires the strongest conditions. We wish 
to emphasize the high reactivity of enynes which form 
part of the dienophile group. So, vinyl acetylenes 
react with HCP at 8%90”, whereas the reaction with 
ally1 acetylenes and dienes proceeds at 95-100” and 

with monosubstituted acetylenes at 150-155”. In the 
case of CPD ally1 acetylene reacts at 175-180”. 

This reactivity of dienes and dienophiles depends 
on a difference in the energy levels of LUMO and 
HOMO. We calculated these energy levels for HCP, 
CPD, I$-butadiene, 1,3,5_hexatriene, 1,3,5,7-o&+ 
tetraene, I ,3,5,7,9daapentaene, 1,4-pentadiene, vi- 
nyl acetylene and ally1 acetylene using the MINDO/3 
techniquei (Table I). 

The difference (At) between LUMO and HOMO 
of the above molecules and differences between 
LUMO and HOMO of dienes and dienophiles are 
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11 -3) 93 _ _ _ czt, 6% d’B:%, c14H14"403 
z (OE20E20H) 64.2 160-161 - - (t3f%, tfl%, c::itZ, c1546c1404 

2 Wi20E2cB, 60.8 189-W - - 46.18 3.86 34.80 
06.72) (3.65) (34.55) C16H16C14m3 

u (HI 77 103-104(4) 1.5020 0.9812 E8, G:% - c12%50 

u (a31 79.8 69-7ot4.5) 1.48oo 0.93o8 80.96 10.06 - 
(81.25) (10.42) 0139200 

u m20yH) 73 117-118 1.9982 0.9975 75;68 9:91 - 
(76.Ooo) (9.69) '1452'2 

2 uxp2cB) 80.2 109-110(1,5)1.4870 0.9836 78.25 9.26 - 
(77.92IC9.09) 0154P 

U(H) 80 131-132(l) 1.52eO 110368 W.98 10.15 - 
(8&61)( 9.84) O17%4n 

u NE20B20H, 69.4 158. gj59.5 1.5200 1.0373 t;e":t;, c%A;, - 
0194802 

u @H$H2CH, 63.7 65~66 - - ctxf &%, ww" 

a (o02H5) 81 141-142(l) 1.5362 1.3869 35.62 (35.57) m (;I:% CllaloO%O 

ti e02c2E5) 86 165-166.5(l) 1.5386 1.4900 36.00 (36.09) (::?i, t%& c12%00%02 

& ( H 1 68 182~182(2$ 1.5633 1.4190&7$ I . (i:% &% 011%a6 

j& @E3) 75 155-156(l) 1.5476 1.4335 39.40 (39 . 23) d*% . (?i%, . c12H10Q16 

Table 5. PMR-spectroscopic data of adducts investigated (1-M) 

Coopound Qm a t t t 

Cl cE20E20a 6,45(m) - 4.12 (m) 6.3.3O-3.70(r,00E2CE20) 
6-2&O (r,OE) 

Cl OYY - 6.40(m) - 4.12 (ml 8.13.45 (t, O’+) 
6. 2.45 (t,0E20T) 

c1 OO=3 6.20(r) - 3.87 (3 6w 2.00 wOcE31 

B %cH2oH 3.25-3.70(m) 6.50-6.73(m) 6.35(m) 1.95(r) 4.05 (r) 6.3.25-3.70(m,00H2QH20) 
61 2i75 (m,OH) 

= cH2%Q 3.32-3.60(n) 6.58-6;80(r) 6.3 ?- 4.45 1.90(m) 4.05 (3 6.3.50 (t,OOq 
6-2.42 (t. OE$l, 

= co- 3.70-4.10(nl 6.50-6.75(m) 6.300(r) 2;OOm 4.00 (I) 811.95 (a. ODCHJ) 
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compouud Proton hgmls. pp re1atire to IDm9 

B 
E1J4 $3 lf5,li'O I+ H8 Ii9 $:$l: H'3,H'3' R 

CR2CR201i 2.60-3.00 6.45- 2.00-2.30 2,30- 5.70- 2.30- 1.15- 3.80- 6.3.30-3.75L 

(m) 6.60(m) (11 2.55(m) 6.00(r) 2.55(m) 2.00(n) 4.15(m) Oa$~OI. 
612.85 b,OSI) 

CIi2CR2CR 2.55-2.95 6.55- 1.95-2.25 2.28- 5.75- 2.28- 1.20- 3.85- 6.3.55 (t,Ocq 

(IPI 6.70(r) (m) 2.60(m) 6.00(m) 2.60(r) 2.00(m) 4.10(m) 8-2.48(t,‘.=2~) 

cocrt, 2.50-2.95 6.50- 2.05-2.28 2.30- 5.75- 2.30- 1.40- 3.82- 
(m) 6.68(m) (m) 2.50(m) 6.05(m) 2.50(m) 2.13(m) 4.20(m) 6. 1.95(r, I 

Cornsound proton aignale.ppm relative to internal H)LDs 

R H'.H4 AI3 l&i'0 H6 H7 I18 R8' R9 R".R" 
15 

B12,H12' ,13 H14 &f312 R 

H 2.b 5.95 2.00- 1.70- 2.45 0.80 2.60 2&O- 1.05- 5.45 5.00 1.32 2.10(n) 

VP m 
(ml f&j0 t;y (m) (m) (ml f.‘p 

m ‘is 
(ml (a) (8) 

C~CI+OH 2.65- 6.00 

2.T 
(m 

given in Table 2. The data analysis presented in Table 
1 is consistent with expectation, namely that: 

(a) Introduction of chlorine into the cy- 
clopentadiene molecule decreases the levels of 
HOMO and LUMO significantly thus increasing the 
activity of HCP as a diene against CPD in the reverse 
diene synthesis (i.e. when LUMO of diene and 
HOMO of dienophile interact and combine in the 
reaction). 

(b) An extension of the conjugated chain of double 
bonds in the aliphatic series H(CH=CH),H in- 
creases the HOMO level and decreases the LUMO 
level thus increasing their ability as dienes in the 
normal diene synthesis, and possibly their use as 
dienophiles in the reverse diene synthesis (i.e. when 
LUMO and HOMO of dienophiles interact and 
combine in the reaction); 

(c) Introduction of a methylene link between vinyl 
and ethynyl groups, i.e. a transition from viny1 
acetylene to ally1 acetylene increases the LUMO level 
and decreases the HOMO level, thus decreasing 

dienophilic activity of ally1 acetylene in the normal 
diene synthesis. Hence ally1 acetylene reacts with 
HCP at 80-loo”, whereas vinyl acetylene reacts at 
60-80”. 

Similarly, the introduction of a methylene link 
between vinyl groups, decreases the HOMO level and 
increases the LUMO level, i.e. decreases the di- 
enophile activity of 1.4-pentadiene as against 
I ,3-butadiene. 

Based on the data given in Table 2 it might be con- 
cluded: 

(a) The ability of aliphatic dienes (H(CH= 
CH),H) to polymerization is higher than that of 
cyclic dienes and increases with extension of the 
conjugated chain (c, < 63. 

(b) The aliphatic dienes must react as dienophiles 
with HCP (c, < cycr), but do not with CPD 
(c, c cyD) with the exception of IJ-butadiene 
(c 1*““” > cp”>. 

This satisfies the experiment” and explains why 
butadiene reacts with CPD and HCP as dienophile 
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collpouud Proton_elgnde, ppm ml&ire to latamal IDIDS 

% %5 ab rp' %7m3)2 % 

3.73 (3 1.75 (3 2.80 (a) 1.3% (0) 2.15 (el 

3.70 (m) 1.80 (m) 2.75 (la) 1i35 (8) 3.25 (a) 

C~ound Proton efi(pl.aLs, ppm z!e1atire to intenml mm 

% aw %w 85 ab %@ %W’ P % 

9 2.83(s) 5;8)_6;2o(m) 3.38 (aI 2.00 W 0.95 (3 1.20-1.60 1.25(r) 
(Id 

6r3.15(LY.0c%3) 

iX2C%20% 2.80(m) 5.9&6.20(n) 3.75 (I) 2.03 (3 0.82-1.10 (m) 1.30-1.60 l&30- 6.3.40-3.60 b, 
(Ed 1.38bd 0C&$%20,; 

e-2.58 (s,OH) 

6 

C@=P+J’=l 
Proton riga6lr,ppm nlatlto to internal %MDs 

R Ii'.@ a2.d %5,%'O 86 i' %8 HB' %9 %T'*%" 
$2 %12' a'31a% 1 32 R 

083 2.65- 5.%0- I.+ 1.70- 2*55 0.65 2.55 2.6% lrlo- 1.20(m) 3.17(m) 
3.00(m) 6.15(m) 2dOW 2+50(r) (m) (ml (II) 2.9Oh)2.00(d 

ap20% 2*70- 5*%!+ 1.95- t&3- 2.50 0.75 2;50 2.70- lrlo- ?.25(d 6 3.35-3.65b1, 
3.00t3 6;loW 2.30(r) 2do(3 (m) (=I (3 2.95fm)2.05(d 0bp20h 

S.2.45b.OB) 

7 

COW+d Pmtoa sf@ele, ppm relatlre to Internal HRDS 

% II5 H6’ ab a7 R 

B 3,o!Xx4I(lH~ 2,85(m)(lE) 1.95(d(lH) 1~87(I?dfZi~ 2.47(d(l%) 

c(ai3)20% 2.9oGn)(18) 2.6ohd(l%) 1.90h)(l%l 2.02(m)(2B) 2.05(8)(1%) 
1,4oh1)(6%) 

C@li3)20%e 3.05(3(1%) 2;85(d(l%) 1.95(a) 1*95(n) 
t3w6+0%2, ctlsp6+az2t 

3,25ht)b%H)tOeaj) 

1.35(s) (6%) 
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Compound Proton signals. pp relative to lnternnl lpIDs 

R H'+ti a2+H3 8 Bb lib' H7+H7 
I 

as B 

Ii 2.60-2.95(r) 5.80-6.15(r) 2.10(m) 0.60(m) 1.80 (m) l.lO-l.K)(rl 1.54-1.90(B) 1.54-1.90(r) 

C(CH,),OH 2.6~$95 5.90-6.15(=) 2.15h) O.%(B) l.~;.OO l.lO-l.so(3 1.90(m) 3.00(a) 
m 

9 

Compound Proton oQnal0, ppm mlative to latomal INDfJ 

B H’,a4 Is.3 H5,E’O H6 117 a8 a8’ II'3 R 

CNli3),0H,2.6-3.3 5,95- 2.?;.4 1.5-2.5 2.5 0.7 2;5 2.7-3.0 1.1-2.0 2.2 l.lr2.0b) 

2.z3.20 t.;' = (=I (11 (II)) (11 (ml (ml (ml 3.5 (0) 
I 

"CH, 

CL 6 

C-C-C-OR 
b 

"CH3 

10 

Colpound Proton aignala, pm mlatlto to Into& m 

B H5,H'O H6,H9 a7 a8 a8' XI'2 
13 

= (OF+2 E 

c4 2.00-2.90(r) 2.10-2.85(n) 2.50(a) 0.95(m) 2.%(n) 1.05-1.75(m) 1.25(r) 

cE2CE20H 2.00-2.90(m) 2.00-2.80(r) 2.50(r) 0.90(r) 2.50(r) 1.10-1.85(r) 1.20(m) 6.3.45h 

Ocat"20) 
612.35b.OB) 

CHa 

~H&H 
I 

-C-OR 
6 

CHs 

Compound Proton #Ji&nalo, ppa re1&1m to internal BYDS 

B Ii5 a6 IF’ H8 H9 md, R 

4.74 (iI 1:68(m) 2:72(n) 4.74(m) 5.53(m) 1.300(s) 6. 1;70 (a, OH) 

4.42 (1) 1.58(n) 2.70(m) 4.90(d) 5.45-6.10 1.300(m) d-3.45 b,(OCli 1 1 

Cm) 1.32(m) 612.42 (II, OH? 2 
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Comp0Md Pmton eignals. ppm relative to internal ENDS 

R II5 rp .lP .Hf ff lP@Hd, B 
H 3i95Cm) 1.68(m) 2.87(m) 4.78(d) 5.55bll) 1.)0(s) 1.65 (01 

c%%oH 3.86(m) 1.70(m) 2.78(m) 4.85(d) 5.50(m) 1.X)(a) ~c3,50(m,0CH2CH20); 

611.75(a, OH). 

Corpound 
Proton &yalm.p~ relatlva to intonut Ipaul 

B v4 Hi% =5 86 Bs' VT Hs Hs 810 P 

E 2.75 6.0 '4.56 0.65 3.38 1.30 4.75 5.00 1.3O d 12.15'br OH) 

(m) (I) (0) (IDI (1) W (d) (d) (01 J It%9 1.12 (IIS) 

FP20H 2.72 5.95 2.95 0.75 3.3O-3.40 1.X, 5.10 4.92 1.32 Br3,4O(&.OClQClQO) 

(a) (a) (a) (ml (ml (m) (d) (d) b) 8.%08 (o,OH) 

Cli2CIi2tXI 2.80 6.05 3.18 0.95 3.45 1;6O 5.58 5;10 1.40 br3,63(t,Qy=) 

(11 )m) (n) (mL) (m) (11 (3 (ml (a) ~-2.455(t,0cE2) 

Compound 
Proton a*dr,ppm relative to lntrmil IoID9 

B Ii5 a6 l+’ li~.E! R 

w2Hs 4.60(m) l.%(m) 2.88(r) 5.70-6.30(m) 61 3.50 (m, OOE$; 6. l.OO(m, $1 

COOC,H, 4.%(m) 1.57(m) 2.BC)Cm) 5.65-6.40(3 6- 4.15 (0, 0CH2); 8. 1.45(t, CE$ 

16 

Compound Proton aimalo;ppB relative to laternul m 

R H5 H6 as' H7,lP H9J9 E 

B 4.75 (m) 1.70 (I) 2.67 (a) 5.40-6.50 (m) 4.90 (I) 5.4O-6.50 (m) 

cH3 4.80 (la) 1.60 (m) 2.70 (m) 5.60-6.45 (m) 4.87 (ml 1.75 (I) 
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and hexatriene reacts as dienophile only with HCP 
and does not react with CPD. The diene synthesis 
between dienophiles of H(CH=CH),H type and 
cyclic dienes refers to the reverse type. 

(c) The diene synthesis between viny1 acetylene, 
ally1 acetylene, ally1 ethylene and CPD or HCP 
proceeds by neutral diene synthesis (diene and di- 
enophile can play the role of HOMO and LUMO 
components). 

‘Methods &r Orgrmischen Chemie, pp. 982-990. Houben 
Weyl, Band v/3, Halogen-Verbindungen, Georg Thieme 
Verlag, Stuttgart (1962). 

‘I. N. Naxarov and T. D. Natribina. Isz. Akad. Nauk SSSR _ 
83 (1946). 

These results have been presented partly in pre- 
liminary communications.1z-‘6 

EXPERIMENTAL SECI’ION 
PMR spectra were recorded on a “Tesla” Model BS-497 

spectrometer (100 MHz) in Ccl, using HMDS as internal 
standard. The purity of compounds was checked by GLC 
(Khrom-3, LKHM-8, 1.4 x 0.003 m column. with 5% SE-30 
on chromatone N-AW-DMC). 

Generalprocedure. A mixture of diene and dienophile was 
heated in the presence of small amounts of hydrcquinone in 
sealed ampoules at a certain temp. and a given time. The 
adducts were isolated by vacuum distillation of the mixture. 
The conditions, yields, constants, elemental analysis and 
PMR data are presented in Tables 3-5, respectively. 
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