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78.35 (s, d*, ®Jpc = 6.5 Hz), 76.01 (d), [96.97 and 97.06) (d), [121.04
and 121.11] (d), 141.24 ppm (s); IR (KBr) 1226, 1059, 1032 cm™.
Anal. Caled for CgoHg N,OgP: C, 65.43; H, 9.34; N, 5.09. Found:
C, 65.19; H, 9.22; N, 5.28.

Reductive Epoxide-Ring Opening of Phosphorodiamidate
Derivatives. Ethylamine (30 mL) was dried by passing through
a chamber of NaOH and condensed under N, at —78°C. Lithium
wire (45 mg, 6.77 mmol, cut into small pieces and flattened with
a hammer) was then added to ethylamine with magnetic stirring
over a period of 10 min. When virtually all of the lithium had
dissolved (ca. 20 min), a solution of the steroidal phosphorodi-
amidate (0.125 g, 0.227 mmol) in 5 mL of dry THF was added
to the dark blue solution dropwise through a syringe over a period
of 2 min and then the dry ice/2-propanol bath was replaced with
an ice~water bath, and the solution was allowed to warm to 0 °C.
After 60 min at 0 °C, water (10 mL) was added, and the reaction
mixture was allowed to warm to rt and was kept under continued
stirring until most of the ethylamine had evaporated. The re-
maining aqueous solution was extracted with ethyl acetate (3 X
35 mL), and the combined organic solutions were washed with
brine (30 mL), dried (Na;SQ,), and concentrated under reduced
pressure. Purification by flash column chromatography (silica
gel, hexanes/ethyl acetate, gradient elution) provided exclusively
the (Z)-allylic alcohol 945 as a crystalline white solid: mp 144-146
°C (lit.! oil) (74 mg, 81% from the 20R-isomer; 68 mg, 75% from
the 20S-isomer; and 70 mg, 77% from a 3:1 mixture of 20R and
208 stereoisomers).
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The 1,4-addition of organocuprates to enones and
enoates is one of the most important C—-C bond-forming
processes in organic chemistry.! This is due to the usually
very high reactivity which allows broad applications of this
reaction; furthermore, the importance of this process is
enhanced by the use of diastereoselective? as well as en-

(1) (a) Posner, G. H. Org. React. 1972, 19, 1-113. (b) Yamamoto, Y.
Angew. Chem. 1986, 98, 945-957; Angew. Chem., Int. Ed. Engl. 1986, 25,
947-959. (c) Lipshutz, B. H. Synthesis 1987, 325-341.

(2) (a) Oppolzer, W.; Loher, H. J. Helv. Chim. Acta 1981, 64,
2808-2811. (b) Yamamoto, Y.; Nishii, S.; Ibuka, T. J. Chem. Soc., Chem.
Commun. 1987, 1572-1573. (c) Smith, A. B,, III; Dunlap, N. K.; Suli-
kowski, G. A, Tetrahedron Lett, 1988, 29, 439-442. (d) Smith, A. B., III;
Trumper, P. K. Tetrahedron Lett. 1988, 29, 443-446. (e) Alexakis, A.;
Sedrani, R.; Mangeney, P.; Normant, J. F. Tetrahedron Lett. 1988, 29,
4411-4414. (f) Tamura, R.; Watabe, K.; Katayama, H.; Suzuki, H.;
Yamamoto, Y. J. Org. Chem. 1990, 55, 408-410. (g) Fang, C.; Ogawa, T.;
Suemune, H.; Sakai, K. Tetrahedron: Asymmetry 1991, 2, 389-398. (h)
Zhao, S.; Helquist, P. Tetrahedron Lett. 1991, 32, 447-448, (i) Hon, Y,;
Chen, F.; Huang, Y.; Lu, T. Tetrahedron: Asymmetry 1991, 2, 879-882.
(j) Ogawa, T.; Fang, C.; Suemune, H.; Sakai, K. J. Chem. Soc., Chem.
Commun. 1991, 1438-1439. (k) Uemura, M.; Oda, H.; Minami, T.; Ha-
yashi, Y. Tetrahedron Lett. 1991, 32, 4566~-4568. (1) Christenson, B.;
Hallnemo, G.; Ullenius, C. Tetrahedron 1991, 47, 4739-47562. (m) Schultz,
A. G.; Harrington, R. E. J. Am. Chem. Soc. 1991, 113, 4926-4931. (n) Fuji,
K.; Tanaka, K.; Mizuchi, M.; Hosoi, S. Tetrahedron Lett. 1991, 32,
7277-7280. (o) Bergdahl, M.; Nilsson, M.; Olsson, T.; Stern, K. Tetra-
hedron 1991, 47, 9691-9702.

antioselective variants® (using cuprates with chiral ligands).
In contrast to the large number of applications of addition
reactions of organocuprates, the understanding of the re-
action mechanisms is poor; the knowledge of the mecha-
nistic picture is prerequisite, however, for the fine-tuning
of a reaction, e.g., for choosing chiral ligands suitable for
enantioselective addition reactions.

The mechanism of the 1,4-addition reaction of cuprates
to enones and enoates has been investigated using NMR
spectroscopy. It was found that at low temperature
attack of the cuprate at the C~C double bond of the Mi-
chael acceptor 1 gives rise to the formation of the m-com-
plex 2 which is characterized by the bond between a copper
atom and the w-system of the double bond and the in-
teraction of a lithium atom with the carbonyl oxygen
atom.> Upon warming, the spectra of the lithium enolate
5 were obtained; intermediates formed during the trans-
formation of 2 to 5 could not be detected by NMR spec-
troscopy. It has been postulated that this transformation
proceeds via organocopper compound 3; herein, the copper
atom has the unstable oxidation state +8, and rapid re-
ductive elimination of RCu should give the enolate 5.4 This
mechanism has been challenged by Berlan et al. who
proposed the formation of species 4 by 1,2-addition of the
cuprate across the C—C double bond; reductive elimination
of RCu should again yield enolate 5.5 In both cases it is
assumed that the formation of the enolate 5§ occurs by
intramolecular addition of the cuprate bound in the =-
complex;’ this assumption is also the basis for the mech-
anistic rationalizations of diastereoselective? and enan-
tioselective® cuprate additions. In this paper, it is shown
that the 1,6- and 1,8-additions of organocuprates to Mi-
chael acceptors are also occurring via w-complexes of type
2; in these cases, the formation of the addition products
might proceed by intermolecular attack of a second cup-
rate at these m-complexes.

(3) (a) Bertz, S. H.; Dabbagh, G.; Sundararajan, G. J. Org. Chem. 1986,
51, 4953-4959. (b) Corey, E. J.; Naef, R.; Hannon, F. J. J. Am. Chem.
Soc. 1986, 108, 7T114-7116. (c) Dieter, R. K.; Tokles, M. J. Am. Chem.
Soc. 1987, 109, 2040-2046. (d) Yamamoto, K.; Kanoh, M.; Yamamoto,
N.; Tsuji, J. Tetrahedron Lett. 1987, 28, 6347-6350. (e) Villacorta, G. M.;
Rao, C. P,; Lippard, S. J. J. Am. Chem. Soc. 1988, 110, 3175-3182. (f)
Tanaka, K.; Ushio, H.; Suzuki, H. J. Chem. Soc., Chem. Commun. 1990,
795~797. (g) Rossiter, B. E.; Eguchi, M. Tetrahedron Lett. 1990, 31,
965-968. (h) Ahn, K. H.; Klassen, R. B.; Lippard, S. J. Organometallics
1990, 9, 3178-3181. (i) Dieter, R. K,; Lagu, B.; Deo, N.; Dieter, J. W.
Tetrahedron Lett. 1990, 31, 4105-4108. (j) Tanaka, K.; Suzuki, H. J.
Chem. Soc., Chem. Commun. 1991, 101-102. (k) Lambert, F.; Knotter,
D. M,; Janssen, M. D.; van Klaveren, M.; Boersma, J.; van Koten, G.
Tetrahedron: Asymmetry 1991, 2, 1097-1100. (1) Reetz, M. T. Angew.
Chem. 1991, 103, 15659-1573; Angew. Chem., Int. Ed. Engl. 1991, 30,
1531-1546. (m) Tanaka, K.; Matsui, J.; Kawabata, Y.; Suzuki, H.; Wa-
tanabe, A. J. Chem. Soc., Chem. Commun. 1991, 1632-1634. (n) Rossiter,
B. E.; Eguchi, M.; Hernandez, A. E.; Vickers, D.; Medich, J.; Marr, J.;
Heinis, D. Tetrahedron Lett, 1991, 32, 3973-3976. (o) Alexakis, A.; Mutti,
S.; Normant, J. F. J. Am. Chem. Soc. 1991, 113, 6332-6334.

(4) (a) Hallnemo, G.; Olsson, T.; Ullenius, C. J. Organomet. Chem.
1985, 282, 133-144. (b) Lindstedt, E.; Nilsson, M.; Olsson, T. J. Orga-
nomet. Chem. 1987, 334, 255-261. (c) Ullenius, C.; Christenson, B. Pure
Appl. Chem. 1988, 60, 57-84. (d) Christenson, B.; Olsson, T.; Ullenius,
C. Tetrahedron 1989, 45, 523-534. (e) Bertz, S. H.; Smith, R. A. J. J. Am.
Chem. Soc. 1989, 111, 8276-8277. (f) Sharma, S.; Oehlschlager, A. C.
Tetrahedron 1991, 47, 1177-1184,

(5) Alternatively, it has been suggested that an interaction between
the lithium atom and the carbonyl x-system is present in these com-
plexes.* In spite of this and other possibilities to represent x-complexes
of cuprates (Corey, E. J.; Hannon, F. J. Tetrahedron Lett. 1990, 31,
1393-1396 and references cited therein), structures of type 2 are used
throughout this paper.

(6) (a) Berlan, J.; Battioni, J.; Koosha, K. J. Organomet. Chem. 1978,
152, 359-365. (b) Berlan, J.; Battioni, J.; Koosha, K. Bull. Soc. Chim. Fr.
1979, 183-190.

(7) The kinetics of the 1,4-addition of lithium dimethylcuprate to
enones have been studied and interpreted in terms of an intramolecular
rearrangement of the x-complex 2 to the copper(IIl) species 3: Krauss,
S. R.; Smith, S. G. J. Am. Chem. Soc. 1981, 103, 141-148.
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The 1,6-addition of cuprates to 2-en-4-ynoates® and the
1,8-addition to 2,4-dien-6-ynoates? allow a versatile access
to allenes with complex substitution patterns. From the
mechanistic point of view it seems interesting whether in
analogy to the 1,4-addition a x-complex of type 2 is formed
or whether a different kind of interaction between the
Michael acceptor and the cuprate occurs. A hint is ob-
tained from semiempirical MNDO calculations: the
LUMO coefficients of a 2-en-4-ynoate are considerably
larger at the C-C double bond than at the triple bond;°
therefore, a soft nucleophile like a cuprate should pref-
erably attack at the double bond.!'*2 In order to examine
this prediction by NMR spectroscopy, a suitable combi-
nation of cuprate, Michael acceptor, and solvent had to
be found. With diethyl ether as solvent the 1,6-addition
of cuprates to acceptor-substituted enynes occurs so rap-
idly that it is impossible to detect the intermediates of the
reaction by NMR spectroscopy. In contrast, no reaction
between lithium dimethylcuprate (Me,CuLi-Lil) and 2-
en-4-ynoates takes place in tetrahydrofuran, and the NMR
spectra show the unchanged set of signals for the Michael
acceptor, i.e., no r-complex is formed. If lithium di-tert-
butyleyanocuprate (¢-Bu,Cu(CN)Li,) in THF is used,
however, the reaction is so slow that the intermediates can
be observed by NMR spectroscopy.

If the enynoate 6 is added to a cold (80 °C) solution
of t-BuyCu(CN)Li, in THF a brilliant orange-red solution
is formed, giving the 3C-NMR spectrum shown in Figure
1, 2nd row (cf. Experimental Section). In this spectrum
all signals are doubled, a behavior that is very common in
NMR spectra of cuprates;*!® a possible reason could be the
formation of geometric isomers of dimeric or of larger
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complexes.’®15 The coordination of a copper atom with
the w-system of the C—C double bond of 6 causes strong
high-field shifts for the resonances of this bond (C-2: Aé
= -80.2/-80.9 ppm, C-3: AS = —64.4/-65.4 ppm); the as-
signment of the resonances for C-2 and C-3 was made by
comparison with the chemical shifts of the n-complexes
observed in 1,4-addition reactions.¥ In contrast, one signal
of the triple bond is shifted slightly to high field and the
other to low field. Smaller, but also very characteristic is
the low-field shift of the carbonyl resonance (Aé =
+6.9/+8.1 ppm) which is due to the interaction of the
carbonyl oxygen atom with a lithium atom of the cuprate.
Thus, in analogy to the 1,4-addition of cuprates to enones
and enoates and in accordance with the frontier orbital
interactions mentioned above, the z-complex 7° is formed.
The spectra of this 7-complex remain unchanged up to -20
°C; between —20 and 0 °C the 1,6-addition takes place, and
the solution becomes virtually colorless. The 13C-NMR
spectrum (Figure 1, row 3) now shows the presence of the
allenyl enolate 86 with the typical low-field signal for the
central carbon atom of the allenyl moiety (§ = 201.3). As
in the case of the 1,4-addition of cuprates to enones and
enoates no intermediates formed during the reaction of 7
to 8 could be detected by NMR spectroscopy.

The mechanism of the 1,8-addition of cuprates to 2,4-
dien-6-ynoates was examined using the same methods. In
this case, the MNDO LUMO coefficients of the Michael
acceptor do not allow a prediction of the regioselectivity
of the cuprate attack since similar values for the two C-C
double bonds are obtained.l” Due to the larger system
of multiple bonds of the Michael acceptor, it is not possible
to assign all signals in the 1*C-NMR spectrum of the =-

(8) (a) Krause, N. Chem. Ber. 1990, 123, 2173-2180. (b) Krause, N.
Chem. Ber. 1991, 124, 2633-2635.

(9) Krause, N.; Handke, G. Tetrahedron Lett. 1991, 32, 7225-7228.

(10) The LUMO coefficients of methyl 2-penten-4-ynoate were ob-
tained by MNDO calculations (Version 4.01: Dewar, M. J. S.; Thiel, W.
J. Am. Chem. Soc. 1977, 99, 4899-4907): +0.32 (C-1), +0.52 (C-2), -0.59
(C-3), -0.19 (C-4), +0.38 (C-5).

(11) Fleming, I. Grenzorbitale und Reaktionen organischer Verbin-
dungen, Verlag Chemie, Weinheim, 1979.

(12) This argument also holds if the complexation of the copper atom
is preceded by interaction of a lithium atom with the carbonyl oxygen
atom: a model for this situation, protonated methyl 2-penten-4-ynoate,
also gives larger LUMO coefficients at the C-C double bond than at the
;llg)le bond (+0.84 (C-1), +0.14 (C-2), -0.56 (C-3), 0.00 (C-4), +0.29 (C-

(13) (a) Lipshutz, B. H.; Kozlowski, J. A.; Breneman, C. M. J. Am.
Chem. Soc. 1985, 107, 3197-3204. (b) Lipshutz, B. H.; Kozlowski, J. A.;
Breneman, C. M. Tetrahedron Lett 1988, 26, 5911-5914. (c) Bertz, S. H.;
Dabbagh, G. J. Am. Chem. Soc. 1988, 110, 3668-3670. (d) Krause, N.
Tetrahedron Lett. 1989, 30, 5219-5222.

(14) The structure and aggregation state of the cuprate bound in a
w-complex cannot be determined by NMR spectroscopy; however, the
nonlinear enantioselectivity observed recently by Tanaka et al.>™ and
Rossiter et al.? in 1,4-addition reactions of cuprates with chiral ligands
seems to indicate that in x-complexes (as in free cuprates') dimeric
cuprate clusters are involved.

(15) The doubling of the NMR resonances of cuprates derived from
copper(l) iodide has been ascribed to the formation of Lil-complexed and
Lil-free cuprate species;!** however, it does not seem appropriate to use
this explanation for the cyanocuprates used in this work since it is gen-
erally accepted that in these reagents the cyanide is bound completely
in the cuprate complex.!®

(16) 3C-NMR spectra of the allenyl enolate obtained by 1,6-addition
of Me,Cu(CN)Li, to 3-ethynyl-2-methyl-2-cyclopentenone: Cheng, M,;
Hulce, M. J. Org. Chem. 1990, 55, 964-975.

(17) LUMO coefficients of methyl 2,4-heptadien-6-ynoate:'® -0.23
(C-1), ~0.46 (C-2), +0.46 (C-3), +0.37 (C-4), -0.48 (C-5), -0.13 (C-6), +0.28
(C-7); LUMO coefficients of protonated methy! 2,4-heptadien-6-ynoate-
1012 40,59 (C-1), +0.10 (C-2), ~0.56 (C-3), —0.01 (C-4), +0.40 (C-5), -0.01
(C-6), -0.20 (C-7).
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Figure 1. ®*C-NMR spectra of enynoate 6 (first row, CDCl, as solvent and internal standard (5 = 77.05)), of w-complex 7 (second
row, THF as solvent and internal standard (6 = 26.5), -80 °C), and of allenyl enolate 8 (third row, THF as solvent and internal standard

(6 = 26.5), -20 °C).

complex formed by treatment of the dienyne 9 with lith-
ium di-tert-butylcyanocuprate in THF at -80 °C (cf. Ex-
perimental Section); nevertheless, the high-field shifts of
the signals for C-2 (Aé = —62.2/-62.4 ppm) and C-3 (Aé
= -72,6/-73.1 ppm) as well as the low-field shift of the
carbonyl resonance (Aé = +5.3/+6.3 ppm) provide unam-
biguous proof for the formation of the r—complex 10° of
the cuprate at the double bond adjacent to the ester group,
again existing as two species. The assignment of the
resonance of C-3 was confirmed using a dienyne 9 labeled
with a deuterium atom at this position; due to the missing
intensity-enhancing NOE effect, the signals at § = 70.3/
70.8 are no longer observed. As before, the 1,8-addition
takes place upon warming of the solution between —20 and
0 °C, giving rise to the formation of the vinylogous allenyl
enolate 11; again, it is not possible to detect any inter-
mediates during the formation of 11 from 10 by NMR
spectroscopy.

In summary, it is found that the 1,4-, 1,6-, and 1,8-ad-
dition of cuprates to Michael acceptors proceed via
analogous intermediates, i.e., 7-complexes of the cuprate
at the double bond adjacent to the carbonyl function.
What are the factors that control the regiochemistry of
these complexes? Whereas for the 1,4- and 1,6-addition
the regioselectivity of the w-complexation is in accordance
with frontier orbital interactions between the cuprate and
the Michael acceptor, this explanation is not sufficient to
account for the result of the 1,8-addition; in this case,
according to the LUMO coefficients an attack of the
cuprate at the C-4/C-5 double bond should be possible.
The fact that the m-complex is formed exclusively at the
double bond adjacent to the ester function indicates the
importance of the interaction between a lithium atom of
the cuprate cluster and the carbonyl oxygen atom. This
interaction seems also to be crucial for the formation of
the conjugate addition product; this conclusion can be
drawn from the results obtained with 2-en-4-ynenitriles
as Michael acceptors. These do not undergo 1,6-addition
reactions with cuprates,® though they also form w-com-

plexes of type 7 (see Experimental Section). In these
w-complexes the lithium—oxygen interaction is replaced by
a lithium-nitrogen interaction, and the latter is obviously
not sufficient to activate the Michael acceptor for the
formation of the 1,6-addition product.

The fundamental difference between the 1,4-addition
on one hand and the 1,6- and 1,8-addition on the other
hand is of course that in the first case the sites of r-com-
plexation and of nucleophilic attack are equal whereas in
the latter cases they are different. There are two possible
explanations for the formation of the addition products
8 and 11 from the w-complexes 7 and 10: (i) inter- or
intramolecular rearrangement of the =-complex to a dif-
ferent intermediate, e.g., a T-complex of the cuprate at the
triple bond, and (ii) intermolecular attack of a second
cuprate at the triple bond of the r-complex with simul-
taneous rearrangement of the =-system and decomplexa-
tion of the first v-bonded cuprate. An experimental de-
cision between these two mechanisms has to await kinetic
studies of the 1,6- and 1,8-addition reactions.” For two
reasons the latter pathway, i.e., the intermolecular reaction
of the r-complex with a second cuprate, appears to be more
likely, however. Firstly, in view of the importance of the
lithium—oxygen interaction for the feasibility of the con-
jugate addition reaction (see above), it seems unlikely that
the formation of the 1,6- and 1,8-addition products takes
place under removal of this interaction. Secondly, it has
been found experimentally that factors which are impeding
the formation of r-complex 7, i.e., steric congestion at the
C-C double bond of 2-en-4-ynoates, also hamper the for-
mation of the 1,6-addition product.®> Thus, it seems
reasonable to include the possibility of an intermolecular
pathway in the planning and interpretation of conjugate
cuprate addition reactions.

Experimental Section

General Information. See ref 8a.
Preparation of the NMR Samples. In a two-necked
round-bottom flask with attached 5-mm NMR tube a suspension
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of 89.6 mg (1.0 mmol) of copper(I) cyanide in 2 mL of THF was
cooled to —30 °C, and 1.2 mL of ¢-BuLi (2.0 mmol, 1.7 M solution
in pentane) was added dropwise. The mixture was stirred at -30
°C for 30 min, then cooled to -80 °C, and a solution of 0.9 mmol
of the Michael acceptor (6: 162.2 mg; 9: 185.7 mg) in 1 mL of
THF was added dropwise. The red solution was stirred for 15
min at -80 °C and then ca. 3 mL was removed with a syringe,
followed by addition of 0.2 mL of THF-ds. The remaining solution
was degassed by three freeze-pump-thaw cycles; during thawing
the temperature was kept below -80 °C. The solution was
transferred into the precooled (-80 °C) NMR tube which was
sealed off under vacuum. By the same procedure, a NMR sample
of the m-complex of 6,6-dimethyl-2-hepten-4-ynenitrile (119.9 mg,
0.9 mmol) with Me,CuLi-LilI (from 190.4 mg = 1.0 mmol copper(I)
iodide and 1.3 mL (2.0 mmol) of MeLi (1.5 M solution in diethyl
ether)) was prepared with diethyl ether as solvent.

13C-NMR data, obtained with a Bruker WM-300 spectrometer
at 75.5 MHz.

6 (CDCl, as solvent and internal standard (6 = 77.05)): & 14.2
(+, CO,CH,CHjy), 28.3 (x, C-6), 30.6 (+, C(CHy)3, 60.5 (=, CO,CHy),
76.5 (x, C-4), 108.4 (%, C-5), 126.1 (x, C-3), 129.1 (x, C-2), 166.1
(x, C-1).

7 (THF as solvent and internal standard (6 = 26.5), ~80 °C):
4 = 48.2/48.9 (+, C-2), 59.3/59.6 (-, CO,CH,), 60.7/61.7 (+, C-3),
84.7/84.9 (x, C-4/C-5), 89.3/89.5 (x, C-4/C-5), 159.2 (x, CN),
173.0/174.2 (x, C-1).

8 (THF as solvent and internal standard (6§ = 26.5), =20 °C):
8 61.7 (-, CO,CH,), 64.1 (+, C-2), 94.9 (+, C-3), 120.4 (%, C-5), 149.5
(x, CN), 164.2 (x, C-1), 201.3 (x, C-4).

9 (CDC, as solvent and internal standard (6 = 77.05)): 6 14.3
(+, CO,CH,CH,), 28.3 (x, C-8), 30.8 (+, C(CHjy);), 60.4 (-,
CO,CH,), 78.0 (x, C-6), 105.9 (x, C-7), 120.4 (+, C-5), 122.0 (+,
C-2), 137.4 (+, C-4), 143.4 (+, C-3), 166.7 (x, C-1).

10 (THF as solvent and internal standard (6 = 26.5), -80 °C):
4 58.6/59.6 (-, CO,CHy,), 59.6/59.8 (+, C-2), 70.3/70.8 (+, C-3),
81.2/81.3 (x, C-6), 93.9/94.0 (x, C-7), 172.0/173.0 (x, C-1).

11 (THF as solvent and internal standard (§ = 26.5), -20 °C):
4 59.8/60.1 (-, CO,CH,), 78.5 (+, C-2), 95.1 (+, C-3/C-5), 103.4
(+, C-3/C-5), 1167 (x, C-7), 129.5 (+, C-4), 171.8/173.0 (x, C-1),
204.1 (x, C-6).

6,6-Dimethyl-2-hepten-4-ynenitrile (CDCI; as solvent and
internal standard (5 = 77.05)): é 28.4 (x, C-6), 30.3 (+, C(CHjy),),
75.9 (x, C-4), 107.2 (+, C-2), 111.0 (x, C-5), 117.2 (x, C-1), 131.9
(+, C-3).

x-Complex of 6,6-dimethyl-2-hepten-4-ynenitrile with
Me,CuLi-LilI (Et,0 as solvent and internal standard (5 = 14.6),
-50 °C): & 25.6 (+, C-2), 28.5 (x, C-6), 31.8 (+, C(CHjy)s), 40.5 (+,

C-3), 82.6 (x, C-4/C-5), 89.3 (x, C-4/C-5), 128.7 (x, C-1).
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The 2-fold condensation of dimethyl 1,3-acetonedi-
carboxylate (2) with a-dicarbonyl compounds, the Cook—
Weiss reaction, has served very well as a vehicle for the
rapid assembly of heavily functionalized diquinane
frameworks under relatively mild conditions.? The ex-

(1) Author to whom inquiries concerning the X-ray crystallographic
analysis should be addressed.

Figure 1. ORTEP diagram of 8. The non-hydrogen atoms are
represented by 50% probability thermal ellipsoids. The hydrogen
atoms are drawn with an artificial radius.

tensive carbon—carbon bond construction that materializes
has been formulated in terms of a sequence of aldol, Mi-
chael, and S-elimination reactions.® Aliphatic 1,2-di-
carbonyl compounds enter effectively into this condensa-
tion; alicyclic analogues have proven more variable in their
response. Thus, while [n.3.3]propellanes 3a and 3¢ are
formed in good yield (>80%) under modestly acidic or
basic conditions,* cyclodecane-1,2-dione (1b) has been
reported to give 3b inefficiently (30%) and only when
strong basic catalysis is applied.?

o)
QA AP COOCH, CHZ00C COOCH,
H
. ?-o CH,00C COOCH,8
CHZ n
COOCH
: (CHy).
1a,n=6 2 3a,n=6
b,n=8 b,n=8
¢, n=10 C,N= 10

One might question whether the last observation is an
indicator of a possible interrelationship between ring size
and relative ease of cyclopentannulation. Certainly, the
value of n is crucial to smooth operation of the Cook-Weiss
process.

Our laboratory has been engaged in the synthesis of
1,5-biscyclooctatetraenophanes.® For the [2,] derivative,
early use is made of the conversion of 4 to 5 at pH 5.6.7
The yield of this conversion peaks at 86%. In a more
recent extension of this chemistry, cis-6-cyclodecene-1,2-
dione (6)8 failed to undergo detectable cyclocondensation
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47, 3665.
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