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Table I. Reactions of 7 with Aldehydes and Ketones

U U 1.R'R%CO R
>7vOAIEt;, YD >§<\9x . )\/~OH
1

yield of
3-methyl-
R}, R? diol, yield (%) butanol (%)
i-Pr, H 9, 52 (59) 16 (15”)
t-Bu, H 10, 56 15¢
_(Cug)s- ll, (43) 40',
Ph,H 12, 38° 20°

9Isolated yields; yields in parentheses refer to 9:1 Me,O-THF
system. ®GC yields. ‘PhCH,OH (30%) and CH,=C(CH,)CH,C-
H,0H (31%) were also isolated.

2,2-Dimethyloxetane!® undergoes reductive lithiation by
LDBB at 0 °C for 2 h to form lithium 4-lithio-2-methyl-
2-butoxide (5), which was trapped with (E)-2-methyl-2-
butenal to give, after acidic treatment, the natural product,
(&)-ocimenoyl oxide (6)'! in 57% yield. The same oxetane,
however, when subjected to reductive cleavage in the
Et;Al-LDBB system followed by treatment with this al-
dehyde gave the expected diol 8 at first in only 27% yield
along with 3-methylbutanol (50%) resulting from the
protonation of the tertiary organolithium 7. The yield of
8 and analogues in the latter process could be improved
by changing both the solvent and the electrophile,!2 since
both were determined to be proton sources. Dimethyl
ether-THF (9:1) was found to be advantageous over pure
THF particularly when easily enolizable carbonyl com-
pounds were employed, as exemplified by the increase in
the ratio of 8 to 3-methylbutanol from 0.5 to 1.5 and in
the yield of 8 to 45% (Scheme IV).

Table I lists the yields of the diols 9-12 and 3-methyl-
butanol obtained by trapping the organolithium 7 with
some carbonyl compounds.

The moderate yields of the diols 9-12 could result not
only from the protonation of 7 but also from other side

Scheme V
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reactions such as the reduction of the carbonyl compound
by 7 to an alcohol which effectively competes with the
nucleophilic attack at the carbonyl group in the case of
benzaldehyde. The delivery of the 8-hydride to the car-
bonyl carbon has previously been observed for lithium
2-lithioethoxide and is well known for Grignard reagents.!

2-Allyl-2-ethyloxetane!d in the LDBB-R;Al system (R
= Et or n-Pr, -70 °C/Me;O-THF 9:1) gave an interesting
result. It instantaneously underwent the expected exclu-
sive cleavage of the most substituted C-O bond. However,
the diol 14 and lactone 15 that were generated by imme-
diate quenching of the intermediate with isobutyraldehyde
and CO,, respectively, followed by the acidic workup, did
not result from the reaction of these electrophiles with the
initially formed tertiary organolithium 13a but rather with
the rearranged primary organolithium 13b (Scheme V).
All reported cases of homoallylic rearrangements of or-
ganolithiums!* require many hours at room temperature
or higher.® A systematic study of this unusual rate ac-
celeration is in progress.
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acidity of its y-proton.
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Summary: Exposure of vinylalanes, derived from carbo-
metalations of 1-alkynes, to catalytic amounts of Cu-
CN-2LiCl in the presence of an a,8-unsaturated carbonyl
group affords products of vinylic ligand transfer in a 1,4-
manner.

Transmetalations of a variety of organometallic inter-
mediates, mediated by preformed higher order cyano-
cuprates, have only recently begun to expand the scope

of the intrinsic chemistry of various metals.! Thus, vinylic
stannanes,? tellurides,® and zirconates* readily exchange
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their vinylic ligands for alkyl groups on copper. Vinylic
alanes, formed via Negishi-type carbometalations with
Me;Al/catalytic Cp,ZrCl,® have also been converted to
mixed higher order cyanocuprates, which transfer vinylic
residues in a Michael sense to enones.® This latter process,
which is stoichiometric in copper, we viewed as potentially
realizable using catalytic quantities of a Cu(I) salit, rather
than stoichiometric amounts of a bis-acetylenic higher
order cuprate. We now report that a new, experimentally
simple procedure has been developed to effect this type
of valuable C-C bond formation under catalytic condi-
tions.

Treatment of a 1l-alkyne with MesAl + catalytic
Cp;ZrCl, in CH,Cl, at ambient temperatures affords the
expected vinylic alane 1.> Dropwise addition of this so-
lution to 10 mol % of CuCN-2LiCl’ in THF/Et,0 at 0 °C
over the course of 1 h in the presence of a substrate leads
to the 1,4-adducts 2 in good isolated yields (Scheme 1).8

(5) Negishi, E. Pure Appl. Chem. 1981, 53, 2333,

(6) Ireland, R. E., Wipf, P. J. Org. Chem. 1990, 55, 1425.

(7) Knochel, P.; Yeh, M. C. P.; Berk, 8. C.; Talbert, J. J. Org. Chem.
1988, 53, 2390.

(8) The desired 1,4-addition is usually accompanied by somewhat
comgetmve delivery of a methyl ligand (due to the excess Me;Al pres-
ent),” which accounts for the majority of the mass balance. To minimize
this side product, the residual Me;Al can be removed under vacuum prior
io e:;pg;ure of the vinylalane to the enone/CuCN (see Table I, entries

and 6).
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Table 1. Carboalumination/Catalytic Cu(I)-Induced
Conjugate Addition Reactions

product(s)®

o
O\)\/\/\ 67(90)°
0
d
m/\ o
L
76
oTmPs OTIPS
1

X PSP
OBn o N 74

I} 9
OH
/W oH  66(79)°
o
©<\(c|"u'" 7

sFully characterized by IR, NMR, MS, and HRMS data.
bIsolated following column chromatography. °Yield obtained by
vacuum removal of excess MegAl prior to exposure of the vinyl-
alane to Cu(I). 9Ratio (of isomers): 2.8:1 trans:cis. ¢Ratio: 25:1
trans:cis. /Ratio of diastereomers: 3.5:1. #Ratio of diastereomers:
5.7:1.

enone acetylene yield (%)®

/\/\/SPH
@
/\/OH
@

ot

3

pis
\

Lo ]
2

2——-CyHys-n

o

wm—CoH,5-n

Several examples are illustrated in Table I from which the
following points emerge: (1) neither the rate nor percent
conversion of the coupling was affected by the presence
of the sulfide function in acetylene 3; (2) unprotected
alcohols (e.g., 4 and 7), undoubtedly as their alanates,’
readily participate and suggest that hydroxyl protecting
group chemistry is not required when part of the 1-alkynyl
educt; (3) various substitution patterns associated with the
Michael acceptor seem amenable, including an Evans
chiral auxiliary (6).°

Quite unexpectedly, the nature of a silyl protecting
group present in the acetylene associated with a primary
hydroxyl can significantly alter the course of the trans-
metalation. As illustrated in Schemes II and III, use of
either the TBDMS or TBDPS groups led to predominant
methyl, as opposed to vinyl, ligand transfer, irrespective
of the fact that the silyl group (in, e.g., 8) is nine atoms
removed from the “business end” of the chemistry. Che-
lation via the ether oxygen may well play a role, and hence
its blockage in this capacity via the corresponding TIPS
ether (as in 9) appears to reverse this trend.’® When the

(9) Evans, D. A.; Chapman, K. T\; Bisaha, J. J. Am. Chem. Soc. 1984,
106, 4261.

(10) Magnus, P.; Mugrage, B. J. Am. Chem, Soc. 1990, 112, 462. Frye
8. V.; Eliel, E. J. Am. Chem. Soc. 1988, 110, 484, Chen, X.; Hortelano,
E. R, Eliel, E. L.; Frye, S. V. J. Am. Chem. Soc. 1990, 112, 6130. Frye,
8. V.; Eliel, E. L. Tetrahedron Lett. 1986, 27, 3223.

(11')7 Collins, P. W. Med. Res. Rev. 1990, 10, 149; J. Med. Chem. 1986,
29, 4317.

(12) For other representative procedures involving vinylic alanes and
catalytic Cu(I), see: Ziegler, F. E.; Mikami, K. Tetrathedron Lett. 1984,
25,131. Sharma, S.; Ochlschlager, A. Tetrahedron Lett. 1988, 27, 6161.
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silyl ether relates to, e.g., a teriary hydroxyl, the “normal”
sequence of events occurs. This was demonstrated by the

(13) A representative procedure for the preparation of 5 is as follows.
A solution of zirconocene dichloride!® (84.0 mg, 0.287 mmol) in 2.25 mL
of CH,Cl, was treated with 1.75 mL (3.0 mmol) of a 2.0 M solution of
trimethylaluminum in hexane at 0 °C followed by the careful dropwise
addition of 3-butyn-1-ol (80.6 mg, 1.15 mmol) dissolved in 1.0 mL of
CH,Cl;. The resulting solution was allowed to warm to room temperature
with stirring and then taken up into a gas-tight 5-mL motor-driven syr-
inge'® with a 0.50-mL CH,Cl, wash. A 1.0 M solution of CuCN:2LiC) was
prepared by dissolving a flame-dried admixture of CuCN (85.0 mg, 0.949
mmol) and LiCl (81.7 mg, 1.93 mmol) in 0.95 mL of THF at room tem-
perature with stirring. The contents of the syringe were added slowly,
dropwise, to 4.0 mL of dry Et,0 with stirring at 0 °C. When the solution
became visibly yellow, 0.10 mL of the 1.0 M CuCN-2LiCl solution was
added dropwise followed by the dropwise addition of a solution of 2-
methylcyclopentenone (95.9 mg, 0.998 mmol) in 1.0 mL of Et,0. The
vinylalane was added over 1 h and the resulting suspension stirred at 0
°C for an additional 1.5 h. The reaction mixture was then poured into
a solution of 20 mL of 1.0 M tartaric acid and 20 mL of Et,0 at 0 °C. The
biphasic suspension was allowed to warm to room temperature with
vigorous stirring, which was continued until the solids had dissolved. The
layers were then separated and the aqueous phase was extracted three
times with Et,0. The combined organic layers were washed with brine,
dried over Na,SO,, and chromatographed (silica gel, CH;Cl,/EtOAc, 17:3)
to yield 148.8 mg (82%) of the desired keto alcohol as a 2.8:1 mixture of
diastereomers by capillary GC: R, 0.16 (9:1 CH,Cl,/EtOAc); IR (film)
3435, 1740, 1457, 1166, 1058 cm™; 'TH NMR (CDCly) 6 5.16 (d, 1 H, J =
8.6 Hz, major), 5.07 (d, 1 H, J = 10.0 Hz, minor), 3.71 (t, 2 H, J = 6.3 Hz,
major), 3.67 (t, 2 H, J = 8.3 Hz, minor), 3.24-3.18 (m, 1 H, minor),
2.59-2.51 (m, 1 H, major), 2.43-2.33 (m, 1 H), 2.34-2.26 (m, 1 H), 2.32 (t,
2 H, J = 6.3 Hz, major), 2.27 (t, 2 H, J = 6.1 Hz, minor), 2.20-2.03 (m,
2 H), 1.86-1.77 (m, 1 H), 1.71 (d, 3 H, J = 1.0 Hz, major), 1.69 (s br, 3
H, minor), 1.60-1.51 (m, 1 H), 0.97 (d, 3 H, J = 7.0 Hz, major), 0.91 (d,
3 H, J = 7.3 Hz, minor); *C NMR (CDCl,) & 220.09, 133.61, 130.17,
126.23, 60.35, 60.23, 51.05, 47.73, 43.94, 42.82, 42.70, 37.20, 35.64, 27.94,
217.29, 16.35, 16.23, 14.14, 12.00; mass spectrum (EI) m/z (rel intensity)
182 (M*, 16.5), 152 (31.2), 149 (11.5), 138 (11.5), 137 (68.0), 135 (11.2), 123
(14.3), 121 (10.2), 111 (15.9), 110 (100), 109 (50.2), 108 (11.1), 107 (25.0),
97 (51.5), 96 (30.6), 95 (82.4), 94 (11.2), 93 (50.9), 91 (21.9), 84 (10.7), 83
(11.1), 82 (16.5), 81 (52.7), 80 (13.6), 79 (39.2), 77 (25.0), 69 (23.0), 68 (12.7),
67 (46.7), 57 (18.2), 56 (12.3), 55 (51.2), 53 (20.6); HRMS (EI) calcd for
Cy;H1q0; 1821307, found 182.1287.
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preparation of prostanoid 10, the 14-methyl analogue of
misoprostol.!!

o]
\/{\N 1. carboalumination _,(CH,).CO,MQ
2. cat CuCN ’
OTM™MS ) )
Q/(cn,).co,m !

Et,Si0 OTMS
OSIEt,

In summary, a new method is described that combines
the virtues of a carboalumination together with a catalytic
Cu(I)-based transmetalation scheme!? for vinyl ligand
addition to a,8-unsaturated carbonyl derivatives.* Highly
basic reagents (e.g. RLi, RMgX) normally involved in
cuprate formation!* play no role at any stage. Moreover,
solvent exchange from chlorinated. to ethereal media is not
necessary,® further streamlining the process. Further ad-
vances in the transmetalation chemistry of Cu(I) reagents
will be reported in due course.
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