0040-4020'85 $3.00 + .00
Pergamon Press Ltd.

Tetrakedron Vol. 41, No. 4, pp. 749 to0 761, 1985
Printed in Great Britain.

SOME NEW DIENOPHILES IN THE DIELS-ALDER
REACTION WITH ACTIVE CYCLIC DIENES

M. G. VELEv and M. M. GUSEINOV
Institute of Chloro-organic Synthesis, The Azerbaijan Academy of Sciences, Sumgait, U.S.S.R.

and

L. A. YANOVSKAYA and K. YA. BURSTEIN
The N.D. Zelinsky Institute of the U.S.S.R. Academy of Sciences, Moscow, U.S.S.R.

(Received in UK 25 July 1983)

Abstract—A comparative study of the Diels—Alder reaction have been carried out for three types of cyclic
dienes: cyclopentadiene (CPD), hexachlorocyclopentadiene (HCP), and tetrachloro-1,2-benzoquinone
(TCBQ) with dienophiles of five types: monosubstituted acetylenes (propargyl alcohol and its esters),
conjugated amines (allyl acetylene, allyl cthynyldimethylcarbonol and its esters), conjugated dienes
(2-methylhexadiene-3,5-0l-2 and its esters, 1-ethoxy- and 1-ethoxycarbonylbutadiene-1,3), and conjugated
trienes (hexatriene-1,3,5 and S-methylhexatriene-1,3,5).

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
highly active polychlorinated cyclic dienes of the
HCP type with a common dienophiles such as maleic
anhydride, p-quinones, and allyl derivatives.!? How-
ever, the reactions of HCP and TCBQ with di-
enophiles such as acetylenes, vinyl acetylenes, and
conjugated dienes*® are less well documented, while
the reactions with dienophiles such as allyl acetylene

Diels-Alder reaction with polychlorinated cyclic di-
enes.'” In addition to propargyl alcohol we have
introduced f-oxyethyl, cyanoethyl esters and acetate
of propargyl alcohol into the reaction with HCP and
CPD. The reaction proceeds under optimal condi-
tions (150-155°, 8 hr, molar ratio—diene:dieno-
phile = 2:1) and gives monoadducts of I type, yield
75-90%.

cL
cL Cl
cl ' |C||H ClCHzOR
cl ct
4 L C—CH,0R L
R =CH,CH,0H ,CH;CH,CN or COCH, 1

or conjugated polyenes have not been given any
attention. In this connection, we have studied the
Diels—Alder reaction of HCP, TCBQ and CPD (for
comparison) with a series of dienophiles for synthesis

H C—CH,0R
X -l
CH

H

R = H,CH,CH,0H,CH,CH,CN or COCH,

of new functionally substituted di-, tri- and tetracyclic
compounds, among which useful derivatives could be
expected.

(1) Reaction of polychlorinated cyclic dienes with
monosubstituted acetylenes
Acetylenes are seldom used as dienophiles in the

In contrast to polychlorinated cyclic dienes, the
reaction with CPD proceeds under the stronger con-
ditions (175-180°) and gives the mixture of mono-
and bis-adducts of types 2 and 3. The monoadducts 2

. CH,OR . CH,OR

are formed in yields of 72-84%, when a molar ratio of
diene to dienophile 1:2 is used. And the bis-adducts
3 are formed as main products with yields of 75—
86%, when this ratio is 2:1. The bis-adducts 3
can be obtained as a result of condensation of
CPD with monoadducts 2 at 140-145°, yield being
80-90%,.
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(2) Reactions of polychlorinated dienes with conju-
gated enynes

The literature states*® that diene synthesis of CPD
and HCP with vinyl acetylenes proceeds through the

CH,

CH—C=—=C—C—O0R

~

CH, CH;

@—czc——%——ox
CH,

R= CH3 N CHQCH:OH

double bond only and results in monoadducts with
good yields.

However, TCBQ was not introduced into the reac-
tion. First, the diene synthesis of TCBQ was carried
out with vinyl ethynyldimethylcarbinol (VEDC) and
its methyl ester. This reaction theoretically is likely to
follow two different routes:

CH,
Cl 0 _ |
ct CH—C:C-—T—OR
ClCEO ) lclH, CH,
Cl
R=HorCH,

At 105-110° VEDC reacted with TCBQ giving
adduct 4, its yield being 859, under optimal condi-
tions (108°, 18 hr, TCBQ:VEDC =1:2). It will be
noted that the methyl ester of VEDC reacts with

CtL Ct JR—
ct CH—CH;—C=C—R

Cl

MRy CH,

R=H;C(CH;),0H or C(CH;3),0CH,

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 stronger conditions (165-170°)
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through the vinyl group and gives both monoadducts
8 and bis-adducts 6.

The adducts 5 are formed at 165-170° for 8 hr with
molar ratio of diene to dienophile 1:2 in 70-89%;
yield, and adducts 6 are formed in 5-10% yield; with

CH, CH,

CEC—-—(IZ——OR
' |
CH,

molar ratio of diene to dienophile 2:1 in 14 hr the
adducts 5 are formed in 10-20%; yield, and adducts
6 in 55-70% yield.

(3) Reaction of polychlorinated cyclic dienes with un-
conjugated enines

We have introduced allyl acetylene (AA), allyl
ethynyldimethyicarbinol (AEDMC), and methyl es-

CH,

C[C:_—_C_T_OR
cl

CH,
C[Oj— c— ——OR
L
¢ CH,

ter of the latter into the condensation with HCP. The
reaction proceeded more readily than in the case of
monosubstituted acetylenes at 80-100° and through
the vinyl group exclusively, this resulted in mono-
adducts 7 in 70-90% yield.

Cl

cl CH,—C==C—R
cl

Ct
7

CPD unlike HCP reacts with AA and AEDMC
under the stronger conditions (150-180°) also
through end vinyl group, giving both monoadducts 9
and bis-adducts 10.
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H CH—CH,—C=—=C—R
X -] —
\ CH,

@—CH,—CEC—R

8
R=Hor C(CH;),0H

The yield of adducts depends on the molar ratio of
components, duration and temperature of the reac-
tion. For example, under optimal conditions
(150-155°, 7hr, CPD:AA = 1:1) the monoadduct 8
(R = H) is formed in 72.7% yield, and bis-adduct 9 is
formed in 8.5% yield. Under the same conditions with
CPD:AA=2:1in 16 hr 8 (R =H) and 9 (R = H) are
obtained in 20 and 66.6% yields, respectively. Sim-
ilarly, the reaction of CPD with AEDMC (175-180°,
16hr, CPD:AEDMC=1:1) gives 8 ([R=
C(CHj;),0H) in 76.3% yield and 9 (R = C(CH,),0H)
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CH,—CEC—R

9

(4) Reaction of polychlorinated cyclic dienes with con-
Jjugated dienes

To date 1,3-diene hydrocarbons were used only in
the reaction with polychlorinated cyclic dienes.> We
used trans, trans-2-methylhexadien-3, 5-ol-2 and its
esters in the reaction with HCP and TCBQ.

2-Methylhexadien-3,5-0l-2 condenses with HCP at
95-100° through the terminal double bond giving the
corresponding adduct 11 (R = H) in 60-90%, yield.
The reaction with esters of diene carbinol proceeds
analogously.

CH, CH,
cL el CH——CH=—=CH—C—OR g |
Ct Cl CH—CH—C—OR
* cL |
ct
L Cl CH, CH, ! CH,

1

R = H; CH;; CH,CH,0OH; CH,CH,CN; CH,CH (OH)CH,CL

in 109 yield. The reaction at the same temperature
with CPD:AEDMC =2:1 in 29hr gives 8 (R=
C(CH,),OH) in 15% yield and 9 (R = C(CH,),OH) in
69.5% yield.

Unconjugated enyne 5 undergoes the diene syn-
thesis with HCP to give polychlorotetracyclic com-

CH,
Cl 0

Cl
+
‘L
Cl

R=H; CHy; CH,CH,OH; CH,CH,CN

CH—CH:CH—T——OR

CH, CH,

pounds with an acetylenic bond in the side-chain.
This method is very useful for the synthesis of
polychloro-containing tetracyclic compounds. These

Cl ¢
X
+
Cl
cL Ct
R=CH;; CH,CH,0H

adducts 10 are obtained in 45-70% yield at 110° for
8 hr.

CH,
@—CEC— %—OR
—
CH,
5

2-Methylhexadien-3, 5-ol-2, its oxyethyl and cy-
anocthyl esters react with TCBQ in toluene at
108-110°, but the methyl ester condenses with TCBQ
at room temperature. In all cases the reaction pro-
ceeds only through end vinyl group. The adducts 12
are formed in high yield.

CH,

C[CH:CH—(::—OR
ct &,

12

CPD reacts with 2-methylhexadien-3,5-0l-2 and its
esters react at 135-140° to form monoadducts 13 and

CH,
Cl |
ct C=—=—=C—C—OR
e ="
&l CH,

10

bis-adducts 14, the ratio of which depends on the
molar ratio of reagents and temperature of reaction.
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CH,
H CH—CH==CH—C—OR
X+l | —
H CH, CH,

@»CH:CH—L'—OR
CH,

13
R =H;CH,;CH,CH,0H;CH,CH,CN
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CH,

“—cu:cn—l—ort
2EC |
CH,

14

CH,

The diene condensation of 1-ethoxybutadiene-1,3 and 1-ethoxycarbonylbutadiene-1,3 with HCP proceeds

at 95-100° to form 15:

Ct

@cc L+ ||
cl O,

Cl

R= 0C2H5 ,COOC:Hs

(5) Reactions of polychlorinated cyclic dienes with
polyenes

It is known® 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
70-75% yields. _

It should be noted that disubstituted trienes of

Ct

Cl CH—CH-—R
Cl

Cl
15

p-XC¢H, (CH=CH),COOC,H, type (wherein X = H,
Cl, Br, MeO) do not react with HCP and di-
methoxytetrachlorocyclopentadiene (DMTCCPD).

The structure of the adducts obtained (1-16) has
been confirmed 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 H* signals both in the endo-
and exo-field; the same sample exhibited a small
second peak on GLC.

CL
Ct — CH—CH—C—
ol Cl . CH CH=—=CH C——CH,. cl CH CH T_CH’
ClL R Ct
Cl CH; <l R
16
R=H or CH,

Table 1. Characteristics of energy levels of HOMO and LUMO for CPD, HCP and some dienophiles

Compound HOMO W, .
Cyclopentadiene -8.617 04976
Hexachlorooyclopentadiene -9,268 -1.423
Butadiene-1,3 =8.,853 1.125
Hexatriene-1,3,5 -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
Allyl acetylene -9,758 1.737
Pentadiene-1,4 -9,526 1.695
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Table 2. Difference in energy levels of HOMO and LUMO for dienophiles and dienes

Pienophile Diene g LUWO_;HOMO IUMO . BOMO . LUMO & W smn__ 5 W
B A B B A A A B B
A ov (.2 4 eV av
&4 €2 Es &4
@ 9.74 9.83 9.98 9.59
N e e e e e e e e e e e e e e e e e e e e e e L e e e e e
ce Gl =T
ClQCl 10.39 7.43 7.84
clL Cl
PAA a—a-~~-~-°-°° TTTTTTTTsTETEE ST T I T T TR
C[QC[ 9.93 6.81 7.84
Cl CL
@ 9.01 8.86 8.28 9.59
AT RN fyiniv uia ettt
ClQCl 9.66 6446 7.84
o cl
Dienophile Diene 5?‘"‘9 giom S:M_ ginm 61‘0‘26}:0“0 S;U.E 81:””
A B
K2 4 eV ev k-2 4
@ 8.84 8.64 7.88 9.59
A A A A - = o e o - = - e = me wm = o= v o= o - om e mn - e e mr = o ee e e -
Cl_—¢Cl
CLQN 9.49 6.23 7.84
cU Cl
@ 10.24 10.24 10.79 9.59
mCE=CHCH o e o
% clL—=Cl
CIQQ 7.84 7.84 7.84
ct cl
@ 10.34 10.73 11.50 9.59
CH,=CHOH,,CaCH e e T ———
ClQCl 8.34 8.34 7.84
cL cl
@ 10.51 10.51 11422 9.59
CHyCHCH,CHaCH,  _ X L o o o e e e e ;e e e e e e e e mcm——— e —— e
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Table 3. Conditions for reactions between dienes and dienophiles

Molar ratio T,°C Time,
Compounds diene:dienophile hour
1 211 150-155 8
2 132 170-175 1
3 211 180-185 14
4 (R = H)oe 12 108 18
4 (R« Mo)* 112 25-30 40
5 (R = MejCH,CH,OH) 112 165-170 14
§ (R o Me;CH,OH,OH) 211 165=170 14
7 (Rae® 211 85-90 20
Z (R = CMe,OH;CMeOMs) 211 95-100 30
8 (RaH 111 150-155 7
8 (R - CMoOH) 11 175-180 16
9 (RaH 211 150-155 16
9 (R = CMe,OH) 211 175180 20
20 (R « Me,CH,OH) 211 110 8
1 211 95-100 18
12 12 108~110 15
12 (R « Me)® 12 2530 a4
13 12 125-140 5
14 2119 160-165 10
15 11 95-100 18
16 111 95-100 18

* Reaction was carried out in benzenej;

** Reaction was carried out in toluene.

Table 4. Constants and elemental analysis data

:.m::) Tield, z:gm;g) . (Caroniated, s) Pormmla
(2 B (*2
1 (oRGmOM) 86 186-188(N) 15452 13810 BMNEINAETI  Caofe2%%
1 (B 842 15115800 1550 138 RWABBD  CarEonr
1 (cocH,) 78.4 140-141(1) 1.5617 1.6170 (g;:oe)(}:eo)(ssfso) ¢,0He05C1g
2 (1) 72.1  65-67(1)  1.5366 1.08%0 (;g:a)(gﬁg) - Cglqol
2 (CH,CH,0H) 82,2  84~86(1) 1.4999 1.0697 (;g.gg)(;.g” - C1oy%;
2 (cH,cHCH) 84.6  125-126(1) 1.4900 1.0176 (78528)(73;) - €444 08
2 (cocu,) 79.8  84-85(1)  1.5036 1.0724 (7,8:‘;})(7, gg) - 04051205
3 (18) 76,2 108-110(1) 1.543T7 1.1017 (ggjgg)(g:;g) - 6458160
3 (CH)CH,0H)  80.5 164-165(1) 1.5290 1.1123 (;ﬁfgg)(gzgg) - C45Hz00
3 (CH,CH,CN) 86.6 164-165(1) 1.5240 1.09T1 -

79.24 7:06
(13:66)(1°%8) C46H190¥
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3 (cocH,) 76.4 104-105(1) 1.5116 1,5283 (;8 gg) (;:sg) - C45H489;

4 (H) 83.3 10141 ) T (lion Gla(Gaien C13F10tL03

4 (cHy S - T G038 H) i,

5 (cHy) 82,1 88-89(6.5) 1.4815 0.9440 (83'31) (3.%"‘;) - Cy3H,g0

5 (CH,CH,0H) 75.4 104.5-105(1) 1.49%0 1.0185 (76:3 ; (g:gg) - €4 482002

& (cHy 75.8 120-121(1)  1.5190 1.0277 (g: gg) (g.gg) - C4gHy,0

6 (CH,CH,0H) 71.3 156-157(1)  1.5220 1.0581 (79:72) (9:09) - €1982605

1 8y Te. 66 T T B3 amh@ ot

1 (CMe0H)  90.5 95.5-96.5 - T 3938 33838, cygH010

T (Cegme) 5 ARIG) 153 14083 ik 344318 ol

g (B) BoMe 0.4 0.9z B B0 T Oaot

Adduct tiedd, (2 4eS 20 &20 M&i}_ Formula

Fo. (R} or m.p. C E c1

& (CMeOR) 76.5 86.5-87.5(1) 1.5020 0.9788 (83 :g) (g i;) - Cq3H4g0

3 (H) 66.5 87-88 (21)  1.5326 1.0224 3088 0% T Cishiyg

2 (Gue0H) 9.5 121-122(1) 15284 1.0189 B4l .82 - Cygiy

1L (cHy) 7.3 18418501 1.5520 13956 4680 (idey (4EEDy  Cagigligd

10 (CHCH,0H)  70.7  170-174 T e dBh d5%y  caomneo,

11 (=H) 82 164-165(0.5) 1.5515 1.4582 (g;f?‘g) (gf'}) (gg:gg) C4oH,,010

1 (cEy) 89 144-145(1.5) 1.5550 1.4446 (gg::}g) (g:gg) (gg:gg) Cy3H44020

11 (CH,CH,0H)  70.6 183.‘()’;;84.5 1.5490 1.4614 (gg:?g) (;:9,3) (Zg:gg) C44816C1¢0,

TR 0.2 151921 1.5M0 14208 0Tl 38 (B caststigm

wOCRY 84 e T @Bl 33h B8 cnmons
DISCUSSION with monosubstituted acetylenes at 150-155°, In the

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 85-90°, whereas the reaction with
allyl acetylenes and dienes proceeds at 95-100° and

case of CPD allyl 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, 1,3-butadiene, 1,3,5-hexatriene, 1,3,5,7-octa-
tetraene, 1,3,5,7,9-decapentaene, 1,4-pentadiene, vi-
nyl acetylene and allyl acetylene using the MINDO/3
technique'® (Table 1).

The difference (4¢) between LUMO and HOMO
of the above molecules and differences between
LUMO and HOMO of dienes and dienophiles are
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12 (cEy) 93 _ - - 45.63  3.52  37.90
(45.16) (3.76) (38.07) C1aH14C140
( OH) 64.2 160-161 - - 4125 4141 34.93
R (CH% WHTR) 536 383 Cystiet10,
( CH) 60.8 189-1” - - ‘6'1 3. 340
12 (CR,CH (46.72) (3.65) (34.55) C16816014%0,
(H 77 103-104(4) 1.5020 0.9812 80.50 10.82 =
= ! (80.89) (10.11) Ciatl45°
(cy,) 79.8 69-70(4.5) 1.,4800 0.9308 80,96 10,06 =
L (8 (81.25) (10.42) Cq3820°
( OH) 73 117-118 1.9982 0,9975 75:68  9:91 -
L (%, (76.60) (3.69) Cq45220;
< CH) 80.2 109-110(1,5)1.48T0 0.9836 78,25 9.26 -
1 (OR0H ’ (77.92)(9.09) Cq5H4¥0
(H) 80 131=132(1)  1.5280 1.0368 82.98 10.15
14 (88.61)( 9.88) Cqy7Has”
( OH) 69.4 158.5-159.5 1.5200 1.0373 78.63  9.51
1 (oR0% e} (79.17) (3.72) C49fog02
( CN) 63.7 65.-66 - - 80.54 9.40
1 (oR0, (80.3) (3.09) Cooto70
(0C,He) 81 141-142(1)  1.5382 1.3869 35.62 57.38
12 (0%Fs (32:59) (5o29) (B1:3D CaqHyotle0
(CO,C,H) 86 165-166.5(1) 1.5386 1.4900 36,00 2.55 53.48
12 (00,885 (36:09) (2:33) (33.38) C12B10%%6%
) 68 182-182(2 1.5633 1. 4190 37.3 60.44
L (8) } e (138 (€o:3h) O11HaCle
(cH,) 75  155=-156(1) 1.5476 1.4335 39.40 58.09
1 (o8, 39:3) (3:92) (38:93) O12Hs0%l¢
Table 5. PMR-spectroscopic data of adducts investigated (1-16)
i 8
3X CH,0R
X 6
X
1
1.2
Compound [ 8 t t \d
x @ By By Bg By Bl R
Cl CH,CH,0H - - 6,45(a) - 4,12 (=)  § 23,30-3.70(m,0CH,CH,0)
& =2.90 (#,0H)
Cl CH,CEN - - 6.40(m) - 4.12 () 8=3.45 (%, OCHy)
8= 2.45 (t,0H,0N)
C1 COCH, - - 6.20(m) - 3.87 (m) &= 2,00 (#,00CH,)
H CH,CH,0H  3,25-3.70(m) 6.50-6.73(m) 6.35(m)  1.95(m) 4.05 (m) §e3.25-3.70(m,0CH,CH,0)
6- 2.75 ("on)
H CH,CH,CN  3.32-3,60(m) 6.58-6,80(m) 6.3%—6.45 1.90(m) 4.05 (=) §e3,50 (%,0CH,)
= S=2.42 (%, CH,CW)
H COCH, 3.70-4,10(m) 6.50~6.75(m) 6.30(m) 2.00(m) 4.00 (m) 821.95 (s, 00CE,)
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4 [ 13
a” CH,OR
2 | ]
10
11 9
3
Compound Proton signals, ppm relative to HMDS
AT g 117
R 51.34 32'33 35'310 Ks 88 n9 212’512' 513,313' R
CH,CH,O0H 2.60-3.00 6,45~ 2.00-2.30 2,30- 5.70- 2,30-  1,15-  3,80-  § »3.30-3.75(m,
(m) 6.60(m) (m) 2.55(m) 6.00(m) 2.55(m) 2.00(m) 4.15(m)  OCH,0H,0),
§ =2.85 (8,0H)
CH,CH,CH  2.55-2.95 6,55~ 1.95-2.25 2,28- 5.75- 2,28~  1,20- 3,85- &+3,55 (t,0CE,)
(m) 6.70(m) (m) 2,60({m) 6.00(m) 2.60(m) 2,00(m) 4.10(m) &=2.48(%,CH,CH)
COCH, 2,50=2.95 6450= 2,05-2428 2,30~ 5.75- 2430-  1,40- 3,82~ ( )
(@)  6.68(m) (m)  2.50(m) 6.05(m) 2.50(m) 2.13(m) 4.20(m) O= 195 "‘ﬁ"”a
CH,
4 6 |
t) 7
3 CH=—CH—C——OR
(DD
1 9 ” CH;
4
Comsound Proton signale,ppm relative to internal HMDS
i T LTI 1
R H'.#* w3 RO 46 &7 ¥ & g §12:§12' g3 gt ‘g’*;)z R
H 2,60= 5.95 2,00~ 1,70~ 2,45 0.80 2.60 2,60~ 1,05 5.45 5.00 1.32 2.10(s)
2.90 (m) 2. 2.0 (m) (@) (m) 2,90 1,92 (m) (m) (s)
(m) (m (m) (m) m)
CH,CH,0H 2,65~ 6400 1490- 165~ 2.55 0.85 2,65 2,65= 1,10- 5.55 5.05 1435 § «3,40(m,
2.90 (m) 2.25 2.45 (m) (@) (m) 2.90 2.00 (m) (= (8 CH0
(m (m) (m) (m (m)

&8 =2.05(s,0H)

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 vinyl
acetylene to allyl acetylene increases the LUMO level
and decreases the HOMO level, thus decreasing

dienophilic activity of allyl acetylene in the normal
diene synthesis. Hence allyl acetylene reacts with
HCP at 80-100°, 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
1,3-butadiene.

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

(@) 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 (¢, <¢,).

(b) The aliphatic dienes must react as dienophiles
with HCP (¢, <€), but do not with CPD
(6, <€S™) with the exception of 1,3-butadiene
(P > 5F0).

This satisfies the experiment'' and explains why
butadiene reacts with CPD and HCP as dienophile
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CH
Ct. Hs ' 3
CL ¢(—=C~——(C—O0R
ct He' |
CU Ny CH,
4
Compound Proton_signals, ppm relative toc intermal HMDS
2 M T
R K 5 B B (CH,), B
H 3.73 (m) 1.75 (m) 2.80 (m) 1.38 (8) 2.15 (8)
cn‘3 3.70 (m) 1.80 (m) 2,75 (m) 135 (o) 3.25 (8)
!OCH;;
; }
3 -—_—
3 C(—=C~—(—O0R
&=
: v 'OCH;;
s
Cowpowmd Proton eignals, ppm relative to internal HMDS
BomlE T " B Pl 'R’ o R
cn; 2083(-) 5085"6020(-) 3.38 (‘) 2.00 (ﬂ) 0.95 (-) 1.20=1.60 1.25(-) 6.3.15(3.0“;)

(m)
cxzcnzox 2.80(1!) 5-%"6020(-) 3.75 (ﬂ) 2.03 (ﬂ) 0.82-1,10 (‘) 1.30~1.60 1430~ 6;3040“3.60 (a,

(n) 1.38(m)  OCH,O0H0);
§-2.58 (s,0M)

BCH,
. s g
s ¥ —C==(C~—C—O0R
2 A 4 !
1 ¢ 'Y nCHJ
6
Compound Proton signala, ppm relative to internal HMDS
- % § IO b o
R et #F 580 B o P B ;12:212, g%(on,), R
cn3 2065- 5¢80= 190= 1,70= 2.5% 0.85 2.55 2.65“ 1410~ ’020(.) 3.17(.)
3.00(m) 6.15(m) 2,20(m) 2.50(m) (m) (m) (m) 2.90(m)2.00(m)
CH,CH,0H 2,70~ 5,85~ 1,95- 1,60- 2,50 0.75 2,50 2,70~ 1,10~ 1.,25(s) §,3.35-3,65(s,
3,00(m) 6,10(m) 2,30(m) 2.40(m) (m) (=) (m) 2.95(w)2.05(m) 0B8,CH,0) 1
8 -20‘5(' .°8>
ct A
cl CHy—C=C—R
ClL H¢
Cl He
) 7
Compound Proton signsls, ppu reletive to internal EMDS
R g5 g®' B -y R
H 3.05(m)(1HY 2.85(m)(1E) 1.95(m){1H) 1.87(=)(2RH) 2,47(a){1H}
1,40(8) (6H)
C(CH,),OMle 3.05(=)(1B) 2.85(m)(1H) 1.95(m) 1,95(m) 3,25(e)(3H) (0CH,)

(on,80%0m,)  (38,E%0K,) 1.35(a) (6B)
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. . s .
3 CH;—C=—=C—R
2 6

1

s

8
Compound Proton signals, ppm mlativo'to internal HMDS
R BL.E* BB’ B g 'l 8! B R
H 2.60~2.95(m) 5.80=-6.15(m) 2.10({m) 0.60(m) 1.80 (m) 1.10-1.50(m) 1.54~1.90(m) 1.54-1,90(m)
C(CH,),0H 2.6?-2.95 5.90=6.15(m) 2.15(m) 0.56(m) 1.60-2.,00 1.10-1.50(m)  1,90(m) 3.00(8)
n) (m)
4 . 6 : 13
3 CH,—(=(R
Gl
10
] 9 s
9
Compound Proton signals, ppa relative to intermal HMDS
R Bt 2 2500 B T o o @ ERLEG g0 R
- . L
H 20T=3e0 5485 14T=2.3 1.7=2¢3 2.4 0.9 240 1.6=2.0 1.1-1.35 2.2 1.85(s)
[ Sl A4 S A SO S T T st L ‘
C(CH;) 0B, 2.6=3.3 5,95= 2.0-2¢4 15-2e5 2.5 0.7 2.5 2.T=3.0 1.1=2,0 2.2 1.1v2.0(m)
2.60-3.20 6.15 ™ () (@) (@) (@ (2 (=) (® 3.5 (s)
(m) (m)
I"CH;
Cl 6 l
cl T C=c—C—OR
Cl L ° ,,l
Cl 9 .’ CH3
10
Compound Proton esignals, ppm relative to intermal HMDS
B 5,510 w10 i ° L a2 B(0R,),

CH, 2.00~2,90(m) 2.10-2,85(m) 2.50(m) 0.95(m) 2.50(m) 1.05-1.75(m) 1.25(s)
CE,CH,0H 2,00-2.90(m) 2.00-2,80(m) 2.50(m) 0.90(m) 2,50(m) 1,10-1.85(m) 1.20(s) § «3.45(m,

OCHCR,0)
8-2.35(..0!)
CH,
cf |
8 9
Ct CH—CH—(—O0R
cl 2 |
LN CH;
11
Compownd Proton signale, ppm relative to internal HMDS
B BB B B B (), R
H 4,74 (1) 1,68(m) 2,72(m) 4.74(m) 5.53(m) 1.30(s) Se 1.70 (8, OH)

CH,CH,0R 4.42 (m) 1.58(a) 2.70(m) 4.90(d) 5.45-6.10 1,30(m) 8 «3,45 (m,(0CH,),)
(m) 1.32(m) §=2.42 (s, OH)
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s °CH,
Cl |
7 8
ol CH—CH—C—O0R
Cl HY' |
9,
Cl H6 CH3
12
Compound Proton signals, ppm relative to intermal HMDS
R B’ B i ul B B(CHa), R
H 3495(m) 1,68(m) 2’81(111) 4.78(d) 5.55(m) 1.30(s) 1.65 (#)
CH,,CH,0H 3.88(m)  1.70(m) 2.78(m) 4.85(d) 5.50(m) 1.30(8) §«3,50(m,0CH,CH,0);
§=1.75(s, OH).
°CH,
s .|
; E—Cll=—=CH—(—OR
&)
1
v \ CH,
13
Compound Proton signals,ppm relative to internal HMDS
R B, EE E B E' O Emy B B Ey 2
H 2,75 6.0 '4.56 0.65 3.38 1.30 4,75 5.00 1.30 6 =2.15 (s, OH)
(m) (m) (@) (m) (m) (m) (&) (a) (o) J &9 .12 (EHs)
CH,CH,0H 2,72 5.95 2.95 0.75 3.30-3.40 1.30 5.10 4.92 1.32 & e3,40(n. .OCH,CE,0)

(@ (@ (@ (=) (m) (2 (0 (& (o) 8=2.08 (s,0H)

CE,0H,CE 2,80 6,05 3.18 0,95 3.45 1,60 5.58 5,10 1,40  8«3,63(t,CH,0M)
(@) ) (@) (@) (@) (@) @ (= (o) 82.45(¢,0CH,)
s
Cl
? 8
ClL CH—CH—R
Cl H¢
CL Yo
15
Compound Proton signals,ppm relative to internal HMDS
R LA N R
0C,B;  4.60(m) 1.50(m) 2.88(m) 5.70-6.30(m) &« 3.50 (m, OCH,); 8w 1.00(m, CHy)
CO0C,Hy  4.56(m) 1.57(m) 2.80(m) 5.65-6.40(m) 6= 4.15 (m, OCHy); 8w 1.45(t, CHy)
s
ct
? 8 9
Ct CH=—CH—C—=CH,
e ==
L Ny R
16 .
Compound Proton signals,ppm relative ¢to internal HNDS
R o ® s’ H,18 52,89 R
H 4.75 (m) 1,70 (m) 2,67 (m) 5.40-6.50 (m) 4,90 (m) 5.40-6,50 (m)
CH, 4,80 (m) 1,60 (m) 2,70 (m) 5.60-6.45 (m) 4.87 (m) 1.75 (»)
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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 vinyl acetylene,
allyl acetylene, allyl ethylene and CPD or HCP
proceeds by neutral diene synthesis (diene and di-
enophile can play the role of HOMO and LUMO
components).

These results have been presented partly in pre-
liminary communications.'*¢

EXPERIMENTAL SECTION

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).

General procedure. A mixture of diene and dienophile was
heated in the presence of small amounts of hydroquinone in
scaled 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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