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Abstract ~The intramclecular ene reaction of 1-7 enynes produces
on a preparative scale methylene cyclohexanes in good yields
wnen the double bond is trisubstituted. A protected 1-3 dihydro-

Xy enyne reacts in the same way.

The intramolecular ene reacticn of 1,6 enynes is a particularly useful method for
the synthesis of five-membered ringsl. On the other hand, the few studies of the
cyclization of 1,7—enynesz, which were conducted on less than a preparative scale,
suggested that the method is not as suitable for the construction of six-membered
rings.

In connection with our current interest in the synthesis of certain natural pro-
ducts, we thought it worthwhile to make a more thorcough study of the intramolecu-

lar ene reaction of 1,7-enynes of type 1 as a route to functionalized six-membered

rings.
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Because we had a particular interest in the synthesis of cyclohexane derivatives

which might be useful precurscrs of the A ring of 1§, 25-dihydroxycalcifercl, we

focussed our attention on two specific goals : 1) To discover the most favorable

substitution pattern and geometry of the terminal double bond. 2) To find condi-

tions which would allow the ene reaction to take place without elimination of the
protected alcohol functions of 1d.

- : h .
#* This paper is contributed in honer of Professor G.Stork's 65° birthday.
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We first show that, as expected, enynes such as la and lb, in which the terminal

double bond is substituted by a single methyl group, are mere difficult to cycli-
ze than the disubstituted enyne lc : A temperature of 295°C {xylene soclution in a
sealed tube)is required for the cyclization of la and 1k rather than 225°C of lec.
We have also shown that the trans isomer la reacts more rapidly and gives a better
vield than the cis isomer lb., It therefore appeared that the best chance of rea-
ching our objective of cyclizing 1,7-enynes having a protected 1,3-dicl system
would involve the dihydroxyenyne ld with a terminal isopropylidene group. In the
course of this study, we developed a method of thermolysis which we found more
effective than heating in a sealed tube : Flash pyrolysis in a guartz tube filled
with carborundum, the temperature and pressure being selected so as to minimize
exposure of the sensitive enyne and its cyclization product to the high temperatu-
re. Our studies were conducted with the model enyne 1d, used as the racemic mixtu-
re of the two diastereoisomerSB. This was synthesized from the commercially avai-
lable 3-buten-1l-ol {4). Oxidation of the tert-butyldimethylsilyl ether of 4 with
m-~chloroperbenzoic acid gave the epoxide 24 which was opened by reaction gith

lithium trimethylsilvylacetylide, in the presence of BF3 etherate at -78°C
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The resulting secondary alcochol §6 was protected as its tetrahydropyranyl etherz7
and the primary alcohol, liberated by cleavage of its silyl protecting group with
tetrabutylammonium fluoride, THF, 0°, 30mn was oxidized to aldehyde §§ with PCC
Addition of the Grignard reagent prepared from l-bromo-2Z-methylpropene then led to
secondary alcohol 210. This was finally led to igll, the regquired material for our
cyclization studies, by protection of the two secondary alcohols as their TBDMS
derivatives, followed by carbomethoxylation of the lithio derivative (nBuLi, THF)
with methyl chloroformate.

The results we obtained in the cyclization of enynes 1 under various conditions
are summarized in the table below which shows that the vield in the formation of

annulation products 2 can reach 80%, after silica gel chromatography.
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2b lH NMR (C D ) 6 1.2-3.1 {12Hd b. b12 4CH and‘—“-—CH3 1C~H), 3.55 (s OCHB), 4.8
{1H broad s._C-.‘.:ﬁ), 5.02 (1H breoad s,_c\ﬂ 5.8 (5==CH—COOMe}P-p-m.
2c lH NMR (C 6) 0-0.2 {(12H, mixture of sterecisomers é Sl{CHB)z), 0.9-1 (1BH mix-
ture of stereoisomers 2 SlC(CH } )ana 1.5-3 (8H,= ——Band o—C~§Ez—C-O, O—C—gﬂ2
9—1“- . 3.4 (s OCH3), 3.6—4.6 (2H mixture of stereoisomers 2 H-C-0-5i), 4.7-5
QbM% __CHz r 5.95 (broad s, mixture of ring stereoisomers C—=CH-COOMe) .P.-pP-M.
Enyne 1 : Conditions of flash pyrolysis ; Cyclohexanes 2 yield:
: temperature :  prassure of purified productsi
la 500°C 300 mm 2a 40% :
1b 500°C 300 mm 2a 15%
1c 420°C 300 mm 2b 80%
1d 420°C 200 mm 2c BO%

It is clear that the goal of determining the conditions for the formaticn of dihy-
droxylated cyclohexane derivatives by the high temperature cyclization of suitably
protected dihydroxy-1,7-enynes has been reached. The work ccntinues still to find
a concise route to ld having the correct relative and absolute stereochemistry such
as found in 3, as well as to find a method for the transformation of the isoprope-

nyl group of 2c¢ to the required methylenecyclohexane system of 3.
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4) 8l% vyield based on 4 : Eo 1 55°C lH NMR(CDCl S(s Sif ) ), 0.9(s C(C H3)3)r
12 )
1.55-1.9 (b.b. ' —CH,) , 2.4-3.2(3H b.b H>vvﬁ ), 3.75 (¢ CHZ—OS:L) p.p.m.
5) M.Yamaguchi and I.Hiroe, Tetrahedron Lett., 391 (1983) ; M.J.Eis, J.E.Wrobel and

B.Ganem, J.Am.Chem.Soc., 106, 3693 (1984).

6) 70% yield after purification by silicagel column chromatography (AcOEt/hexane
1/9) I.R.(neat) 3600-3200-2170 cm '; 'H NMR (CDC1,)$ 0.05 (s Si{CH;} ., 0.1
(s Si(CHB)B)' 0.9(s SiC(CHB) 1.8(3H, b.b. QEZ*CHOH), 2.31(d CH, -z}, 3.85(3H,

b.b. ggz—OSi, CH-OH) p.p.m.

3!

7) 80% after purification by silicagel column chromatography (AcOEt/hexane : 1/7)
I.R. (neat) 2170 cm_l



8)

9)
10

11)

12)

60% yield after purification by silicagel column chromatography (AcOEt/hexane :

1/2) ; I.R.(neat] 3300-2120~1725 cm Y; H NMR (CDCL,) §1.4-1.9(6H b.b. 3CH,),
1.9-2.1(b.b.=-H), 2.2-2.9(4H, b.b, CHZ—Eand _C_Iiz—CHrO), 3.25-4.5(3H, b.b, CHEO

_ ~G -
and BC-CH,-%), 4.7(b.b. HC), 9.75 (broad s ﬁH) p.p.o.

O—-
According to K.Mori, T.Takigawa and T.Metano, Tetrahedron 35, 933 (1579).

80% yield after purification by silicagel column chromatography (AcOEt/hexane :
1 1

1/1) I.R.(neat) 3400-3300-2120 cm - ; ~H NMR (CDClB) § 1,4-1.9(14H bh.b,

3 CHZ::<CH3 and O—C—EEZ—C—O), 2.05{(b.b.H-3), 2.2-2.6(2H, b.b. CEZ—Q), 3.4-4.2
CH Me

(3H b.b. EEZ—O and iE—CHz—E), 4.3-5(2H b.b. O-CH-O and o—gﬂ—:::Me), 5.3 (broad
Me -

d.gc:c(Me) p.p.m.

45% yield from 9 after purification by silicagel celumn chromatography (AcOEt/

hexane : 1/9) I.R.(neat) 2230, 1725% cm_l ; 1H NMR (CDC13) & 0.05-0.15(12H mix-
ture of sterecisomers 2 Si(CH3) 1, 0.9¢(s SiC(CHB) Y, 0.93(s, SiC(CH3)3, 1.6-1.9
CH
(BH b.b.==" '3 and Q-C-CH,-C), 2.45-2.7 (b.b. CH.-®, 3.8{s, OCH.), 3.9-4.7(2H
~ =2 —2 3
CH3
mixture cf stereoisomers 2HC-081), 5.2 (broad d. HCz==) p.p.m.

b.b. means broad band for the compounds described in this communication ; all

of them, give a correct elementary analysis.
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