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Li+[SiapsB(C=CR)(C=CR/")]~ —>
THF, —78°

RC=CC=CR’ (4)

It proved possible to carry through the synthesis without
the isolation of the intermediate 1-alkynyldisiamylborane.
Consequently, the synthesis of the symmetrical or unsym-
metrical conjugated diynes may be carried out in an essen-
tially one-pot process, as outlined in reactions 5.

THF
BH3-S(CHj3)s + 2(CH3);C=CHCH3; —>

0° to 25°

SiasBH + S(CH3)»

THF
SiagBH + MeOH —> SiagBOMe + Hy
25°

THF
Sia;BOMe + LiC=CR —> Li*[SiagBC=CR(OMe)]~-

—78°
THF
3Li*[SiagBC=CR(OMe)]~ + 4BF5.0Et, —>
- —78° to 25°

381aoBC=CR + (MeO)3B + 3LiBF,

THF
SiagBC=CR + LiC=CR’ —> Li*[SiagBC=CR(C=CR")]~
_780
I
Li*[Sia;BC=CR(C=CR")]~ —% RC=CC=CR’ (5)
THF, —78° ‘

The results are summarized in Table L.
Table I. Preparation of Unsymmetrical Conjugated Diynes,

RC=CC=CR!, via Iodination of Lithium-
Disiamyldialkynylborates, Li*[SiasBC=CR(C=CR')]~

Yield, %2
R R’ Procedure A® Procedure B¢
n-Hexyl Ethyl 95 61
n-Hexyl Cyclohexyl 80 73
n-Hexyl tert-Butyl 79 60
n-Hexyl Phenyl 79 61
Cyclohexyl  tert-Butyl 70

a By GLC on a 10% Dow 710 or 10% SE-30 column. ® From iso-
lated SiagBC=CR. Sia;BC=C-n-Hex isolated quantitatively from
SiaeBOMe. ¢ “One-pot” procedure not involving isolation of any
intermediate,

The procedure for the preparation of 1-cyclohexyl-1,3-decadiyne
is representative. In a dry, nitrogen-flushed, 500-ml flask, fitted
with a gas inlet tube with stopcock, septum inlet, and magnetic
stirring bar, are placed 50 ml of tetrahydrofuran and 100 mmol
(10.2 ml of 9.8 M) borane-methyl sulfide.? The stopcock in the gas
inlet tube is closed and the flask immersed in an ice-salt bath. 2-
Methyl-2-butene (14.7 g, 210 mmol) is added via syringe and the
reaction mixture stirred at room temperature for 2 h. Methanol
(3.2 g, 100 mmol) is added dropwise, the hydrogen evolved is safely
vented, and the solution is stirred for an additional hour.

Meanwhile, in a separate 250-ml flask, fitted as before, is gener-
ated lithium l-octyne (100 mmol) by the dropwise addition of n-
butyllithium (40 ml of a 2.5 M solution) to a dry ice—acetone cooled
solution of 1-octyne (11 g, 100 mmol) in 75 ml of tetrahydrofuran.

The 500-ml flask containing the freshly prepared methyl disi-
amylborinate is cooled to —78 °C and the lithium 1-octyne solution
added via double-ended needle.’ The 250-ml flask is rinsed with 5
ml of tetrahydrofuran to ensure complete transfer, and the solu-
tion stirred 30 min at —78°, Boron trifluoride etherate (18.8 g, 133
mmol) is added to the reaction via syringe and the mixture stirred
for 15 min at —78°, warmed to room temperature, and recooled to
—78°. To this mixture is added a solution of 100 mmol of lithium
cyclohexylethyne in tetrahydrofuran prepared as was the lithium
1-octyne above.

The reaction mixture is stirred at —78° for 30 min. Iodine (25.7
g, 100 mmol), dissolved in 50 ml of tetrahydrofuran, is added drop-
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wise to the cold reaction mixture. The resulting solution with an
orange suspension is stirred for 1 h at —78° and then warmed to
room temperature, The reaction mixture is washed twice with 25
ml of 3 M sodium hydroxide. Oxidation to remove residual organo-
borane is accomplished by the addition of 35 ml of 3 M sodium hy-
droxide and the addition of 35 ml of 30% hydrogen peroxide at
such a rate so as to maintain the temperature under 50°. The
aqueous layer is then saturated with potassium carbonate and the
organic layer separated. The aqueous layer is extracted once with
ether and the combined organic layers dried over anhydrous potas-
sium carbonate. The volatiles are evaporated. Distillation’ under
reduced’ pressure gave l-cyclohexyl-1,3-decadiyne (12.1 g, 56%
from borane-methyl sulfide): bp 129-131 °C (0.5 mm); n2D
1.5102. Mass spectroscopic examination showed a parent ion of
216.816 (caled for C1gHoy: 216.817).

The reaction of iodine with lithium disiamyldialkynylbo-
rates represents a new method for the preparation of both
symmetrical and unsymmetrical conjugated diynes. The
procedure presented here provides a direct route to unsym-
metrical conjugated diynes, circumventing the more limit-
ed scope of the previous procedure® as well as the need to
isolate either a 1-bromoalkyne® or a borane intermediate.?
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Metal Complexes in Organic Synthesis. I,
Cycloaddition of Dimethyl Acetylenedicarboxylate
with the Bis Copper(II) Complexes

Formed from o-Nitrosophenols. Synthesis of
2,3-Dicarbomethoxy-4-hydroxy-1,4-benzoxazines

Summary: The heterodiene system in the bis copper(Il)
complexes formed from o-nitrosophenols undergoes
smooth [4 + 2] eycloaddition with dimethyl acetylenedicar-
boxylate to give 1,4-benzoxazines in excellent yield.

Sir: Cycloadditions of diheterodienes with olefins and acet-
ylenes constitute simple procedures for the preparation of a
wide range of 1,2-, 1,3- and 1,4-heterocyclic systems.n? The
least investigated of these three processes is that involving
1,4-diheterodienes 1 (X, Y = O, S, N), and, as far as we are
aware, no successful cycloaddition of a diheterodiene of the
type 1 (X =0; Y = NR) with an olefin or acetylene has yet
been described (i.e., 1 — 2).

L X R
( + RCm=CR — | f{I
- - v R

2

Y
1
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We now report that the bis copper(II) complexes 3 de-
rived from o-nitrosophenols® react smoothly with dimethyl
acetylenedicarboxylate (DMAD) in hot aqueous 1,2-dime-
thoxyethane (1:8)% to give high yields of the expected prod-
ucts of formal [4 + 2] cycloaddition across the dihetero-
diene system, namely the 1,4-benzoxazines 4. The following

ZNss g DMAD COOCH,
S A OCH,
IT
o
3 H
4
4 R Yield, % Mp, °C
a 6-CH, 98 186-187
b 6-Cl 93 186—-188
c 6-Br 92 196-197
d 7-CH,0 26 181-183
e  7-(CH,),N 61  170-172
f 5,6-(CH=CHCH=CH) 91 159-160
g 7,8-(CH=CHCH=CH) 72 163-164
h 5,6- and 7,8-(CH=CHCH=CH) 80 175-176

general procedure was used for all condensations. A solu-
tion of 0.02 mol of DMAD in 10 ml of 1,2-dimethoxyethane
was added to a stirred suspension of 0.005 mol of the cop-
per complex in 150 ml of 1,2-dimethoxyethane and 20 ml of
water, and the mixture was heated under reflux for 3 h.
The yellow-brown reaction mixture was then allowed to
cool to room temperature; insoluble copper residues were
removed by filtration and the crude product, contaminated
with the excess DMAD, was obtained by evaporation of the
filtrate under reduced pressure. This material was dis-
solved in hot 1,2-dimethoxyethane, the solution was treat-
ed with charcoal and filtered, and the solvent was removed
by distillation under reduced pressure. The crystalline
solid thus obtained was washed with cold ether (4 X 5 ml)
to remove DMAD and recrystallized from ethyl acetate-
hexane.?

It is well known that o-nitrosophenols can exist partially
or completely in the o-benzoquinone monoxime form; stan-
dard control experiments, however, readily established that
the latter form is unreactive to DMAD. Thus, treatment of
5-methoxy-2-nitrosophenol, 1-nitroso-2-naphthol, and 2-
nitroso-1-naphthol with DMAD did not yield any detect-
able amount of the benzoxazines 4d, 4f, and 4g; pure nitro-
sophenols were recovered in 76-80% yield. The remainder
of the product was a red, polymeric tar. Similarly, the
methyl ethers 5-7 failed to react with DMAD, even after
prolonged reaction times, and the pure starting materials

CH,O 0 0 CH,0
N\

bery
5 6 7
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were recovered in 80-90% vyield. These results are not en-
tirely unexpected, as the Diels-Alder reactivity of hetero-
dienes, especially those which contain nitrogen, is known to
differ substantially from that of homodienes, although no
definitive explanation for this behavior has yet been ad-
vanced.®

Analysis of the ESR spectra of a variety of the complexes
3, on the other hand, and careful measurement of the solu-
tion magnetic susceptibilities of representative complexes
clearly indicated that in these compounds the total elec-
tron distribution in the ligand groups is not uniform; there
is, rather, an effective electron transfer from the ligands to
the copper.” That is the formal oxidation state of the cop-
per ion in the chelate is perturbed toward copper(I), and
hence weak w-bonding between the copper ion and the tri-
ple bond of the acetylene might be anticipated.8 Moreover,
the complexes 3 have a square pyramidal structure with
water of hydration at the apex;® hence suitable alignment
of the dienophile for cycloaddition is possible. The role of
the copper ion in these condensations could, therefore, be
twofold, namely (i) to polarize electron density toward the
termini of the diheterodiene system and (ii) to create a
“coordinative template” for reaction. Consequently, it is
not surprising that DMAD fails to react with the co-
balt(III) complexes derived from o-nitrosophenols which,
though structurally analagous to 3, are coordinatively satu-
rated.
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