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tograph, and the areas of the nonane and mesitylene peaks were
measured by a Hewlett-Packard electronic integrator (Model
3370A). The reproducibility of this method was =3 %.

All of the rate constants reported were calculated from the slopes
of the plot of either 1/(a — b) In [b(a — x)/a(b ~ x)] (a = b, a =
[cuprate], & = [tosylate], and x = [nonane]) vs. time or (1l/c) —
(1/¢) (¢ = [tosylate]) vs. time.

Reaction of #-Octyl Iodide with Lithium Dimethylcuprate.
n-Octyl iodide (0.240 g, 1 mmol) in ether (10 ml) was added to an
ether solution of the cuprate (0.952 g, 5 mmol in 15 ml). After 20
hr at 0°, the reaction had proceeded to 88 % completion (Table II).
The reaction did not proceed when less than 5 equiv of the cuprate
was employed or at temperatures lower than 0°.
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Abstract:

Five different alkylhetero(alkyl)cuprate(I) and arylhetero(alkyl)cuprate(l) reagents of the form Het(R)-

CuLi have been prepared from the corresponding heterocopper species (Het-Cu) and organolithium reagents
(RLi): Het = £-BuO, PhO, r-BuS, PhS, Et;N. The stability of these mixed cuprate reagents follows the order
PhS > PhO > #-BuO > #-BuS ~ Et;N. Of these five, PhS(R)CuLi is most effective for selective conjugate addition

and substitution reactions using secondary and tertiary alkyl R groups.

Acid chlorides have been converted to

the corresponding secondary and tertiary butyl ketones in high isolated yields, and «,a’-dibromo ketones have been

transformed cleanly int0 a-secondary and a-tertiary butyl ketones.

Substitution of primary alkyl iodide by

secondary and tertiary butyl groups is achieved in 67-98 9] yields using PhS(R)CulLi, and cyclohexenone undergoes
conjugate addition of the rerz-butyl group in 8697 yield. Some of these reactions have been achieved using only a

slight (e.g., 20-30%) excess of organocopper reagent over substrate.

The utility of these new mixed cuprate re-

agents is compared with that of other organocopper reagents.

arbon-carbon ¢-bond formation, one of the most

fundamental operations in organic chemistry,
is often accomplished by interaction of an organo-
metallic reagent with an organic substrate. Highly
nucleophilic organometallic reagents (e.g., lithium and
magnesium alkyls) are usually also strongly basic and
therefore often undergo two or more competing modes
of reaction.®* Less nucleophilic organometallic re-

(1) (a) A preliminary communication dealing with lithium rers-
butoxy(alkyl)cuprates has appeared: G. H. Posner and C. E. Whitten,
Tetrahedron Lett., 1815 (1973). (b) Parts of this work were presented
at the 164th National Meeting of the American Chemical Society, New
York, N. Y., Aug 28-Sept 1, 1972, Abstract ORGN 159, and at the
8th Middle Atlantic Regional Meeting of the American Chemical
Society, Washington, D. C., Jan 14-17, 1973, Abstract H3.

(2) (a) NDEA fellow 1969-1972; (b) Sonneborn Foundation Fellow,
1972—present.

(3) Enolization of and addition to ketones and esters: (a) J. D. Buhler,
J. Org. Chem., 38, 904 (1973); (b) F. Huet, G. Emptoz, and A. Jubier,
Tetrahedron Lett., 479 (1973); (c) ”The Chemistry of Carbonyl Com-
pounds,” S. Patai, Ed., Interscience, New York, N. Y., 1966.

(4) 1,4 and 1,2 addition to «,B-cthylenic ketones: (a) M. S, Khar-
asch and O. Reinmuth, »Grignard Reactions of Nonmetallic Sub-
stances,” Prentice-Hall, Englewood Cliffs, N. I., 1954, pp 196-239; (b)
T. Eicher in ¥The Chemistry of Carbonyl Compounds,” S. Patai, Ed.,
Interscience, New York, N, Y., 1966, pp 624-631, 662-678,

(5) Metal-halogen exchange, a-metalation, a- and @B-elimination,
and coupling with organic halides: (a) R. G. Jones and H. Gilman,
Org. React., 6, 339 (1951); (b) H. Gilman, ibid., 8, 258 (1954); (0
D. E. Applequist and D. F. O’Brien, J. Amer. Chem. Soc., 85, 743
(1963); (d) A. J. S. Winkler and H. Winkler, ibid., 88, 964, 969 (1966);
(e) G. Kobrich, Angew. Chem., Int. Ed. Engl., 6, 41 (1967); (f) W.
Kirsme, ”Carbene Chemistry,” Academic Press, New York, N. Y.,
1964; (g) G.E. Coates, M. L. H. Green, and K. Wade, ’Organometallic
Compounds,” Vol. I, Methuen, London, 1967, p 298 ff; (h) M. Tamura
and J. Kochi, J, Organometal, Chem., 29, 111 (1971); (i) G. M. White-

agents derived from charge-delocalized carbanions
(e.g., lithium enolates) are often more selective and
useful in formation of carbon—carbon ¢ bonds, but
these reagents do not generally allow direct attachment
of two hydrocarbon groups.’® Alkyl, alkenyl, and
aryl organocuprate(l) reagents, R,Culi, are now being
used effectively for highly selective conjugate addition
reactions to various o,f3-unsaturated carbonyl’ and
sulfonyl® compounds and homoconjugate addition
reactions to certain cyclopropyl carbonyl compounds,®
and for highly selective substitution reactions!® with
alkyl,*? alkenyl,!! aryl,}! and acyl!? halides, with «,a'-

sides, E. R, Stedronsky, C. P, Casey, and J. San Filippo, Jr., J. Amer.
Chem. Soc., 92, 1426 (1970); (j) L. H. Sommer and W. D. Korte, J. Org.
Chem., 35, 22 (1970); (k) W. D. Korte, L, Kinner, and W. C, Kaska,
Tetrahedron Lett., 603 (1970).

(6) H. O. House, ”Modern Synthetic Reactions,” 2nd ed, W. A.
Benjamin, New York, N. Y., 1972, Chapter 9.

(7) G. H. Posner, Org. React., 19,1 (1972).

(8) G. H. Posner and D. J. Brunelle, Tetrahedron Lett., 935 (1973);
J. Org. Chem., 38, 2747 (1973).

(9) () E. J. Corey and P, L. Fuchs, J. Amer. Chem. Soc., 94, 4014
(1972); (b) I. A. Marshall and R. A. Ruden, Tetrahedron Lett., 2875
(1971); (c) C. Frejaville and R. Jullien, ibid., 2039 (1971); (d) G.
Daviaud and Ph. Miginiac, ibid., 997 (1972); (e) P. A. Grieco and R.
Finkelhor, J. Org. Chem., 38, 2100 (1973). ]

(10) For a review of substitution reactions using organocopper
reagents, see G. H. Posner, Org. React., in press.

(11) (a) E. J. Corey and G. H. Posner, J. Amer. Chem. Soc., 89, 3911
(1967); 90, 5615 (1968); (b) G. M. Whitesides, W. F. Fischer, Jr.,
J. San Filippo, Jr., R. W, Bashe, and H. O. House, ibid., 91, 4871
1969).

( (12) G. H. Posner, C. E. Whitten, and P, E. McFarland, J. dmer.
Chem. Soc., 94, 5106 (1972), and references therein.
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dihalo ketones,** with epoxides,’* with allylic!®* and
propargylic!® acetates, and with alkyl tosylates.!” Sev-
eral of these organocopper reactions have been used
as one of the key steps in syntheses of such natural
products as nootkatone!®* and fukinone,® fulvoplu-
mierin, !¢ zizaene,?® a codling moth sex pheromone,?!
the boll weevil sex attractant,?? insect juvenile hor-
mone, 13028 and various prostaglandins.®® 14f.24

Two limitations on the broad utility of these organo-
copper reagents have often been the difficulty in using
thermally unstable sec- and terr-alkylcuprates(I)?i®
and the need for a large (e.g., 300-5009) excess of
organocuprate(I) to achieve complete conversion of
substrate to product.”.1%11 To circumvent these limi-
tations, several types of mixed cuprates RR’Culi have
been prepared recently in which both R and R’ are
hydrocarbon groups.?52¢  Certain cuprous alkoxides
and phenoxides,* cuprous mercaptides,® and cuprous
amides?® are known to be relatively stable; we ex-

(13) G. H. Posner and J. J. Sterling, J. Amer. Chem. Soc., 95, 3076
(1973).

(14) (a) R. W. Herr, D. M, Wieland, and C. R. Johnson, J. Amer.
Chem. Soc., 92, 3813 (1970); (b) R. J. Anderson, ibid., 92, 4978 (1970);
(¢) R, W, Herr and C. R. Johnson, ibid., 92, 4979 (1970); (d)J. A.
Staroscik and B. Rickborn, ibid., 93, 3046 (1971); (¢) D. M. Wieland
and C. R, Johnson, ibid., 93, 3047 (1971); (f) J. Fried, C. H. Lin, J. C.
Sih, P. Dalven, and G. F. Cooper, ibid., 94, 4342 (1972).

(15) (@) P. Rona, L. Tokes, J. Tremble, and P. Crabbé, Chem.
Commun., 43 (1969); (b) R. J. Anderson, C, A. Henrick, and J. B,
Siddall, J. Amer. Chem. Soc., 92, 735 (1970); (c) R. J. Anderson, C. A,
Henrick, J. B. Siddall, and R. Zurfluh, ibid., 94, 5379 (1972).

(16) (a) P. Rona and P. Crabbé, J. Amer. Chem. Soc., 90, 4733
(1968); 91, 3289 (1969); (b) L. A. van Dijck, B. J. Lankwerden, J. G.
C. M. Vermeer, and A. J. M. Weber, Recl. Trav. Chim. Pays-Bas, 90,
801 (1971).

(17) C. R. Johnson and G. A. Dutra, manuscript submitted for pub-
lication.

(18) (a) M. Pesaro, G. Bozzato, and P. Schudel, Chem. Commun.,
1152 (1968); (b) J. A. Marshall and G. M. Cohen, Tetrahedron Lett.,
3865 (1970).

(19) G. Buchi and J. A. Carlson, J. Amer. Chem. Soc., 91, 6470
(1969).

(20) R. M. Coates and R. L. Sowerby, J, Amer. Chem. Soc., 94,
5386 (1972).

(21) (a) S. B. Bowlus and J. A, Katzenellenbogen, Tetrahedron Lett.,
1277 (1973); (b) M. P. Cooke, Jr., ibid., 1281 (1973).

(22) 1. H. Babler and T. R. Mortell, Tetrahedron Lett., 669 (1972).

(23) (a) E. J. Corey, J. A. Katzenellenbogen, S. A. Roman, and N,
W. Gilman, Tetrahedron Lett., 1821 (1971); (b)J. B. Siddall, M,
Biskup, and J. H, Fried, J. Amer. Chem. Soc., 91, 1853 (1969); (c)
C. A, Henrick, F. Schaub, and J. B. Siddall, ibid., 94, 5374 (1972).

(24) (a) C. J. Sih, P. Price, R. Sood, R, G. Salomon, G. Peruzzotti,
and M. Casey, J. Amer. Chem. Soc., 94, 3643 (1972); (b) F. S. Alvarez,
D. Wren, and A. Prince, ibid., 94, 7823 (1972); (c) A. F. Kluge, K. G.
Untch, and J. H. Fried, ibid., 94, 7827 (1972); (d) A. F. Kluge, K, G.
Untch, and J. H. Fried, ibid., 94, 9256 (1972); (e) R. E. Schaub and
M. J. Weiss, Tetrahedron Lett., 129 (1973); (f) C. V. Grudzinskas and
M. H. Weiss, ibid,, 141 (1973); (g) C. J. Sih, J. B. Heather, G. P.
Peruzzotti, P. Prince, R, Sood, and L.-F. H. Lee, J. Amer. Chem. Soc.,
?15, 1677 (1973); (g) K. Kojima and K. Sakai, Tetrahedron Lett,, 3333

972).

(25) (a) J. F. Normant and M. Bourgain, Tetrahedron Lett., 2659
(1970); (b) J. F. Normant, Synthesis, 63 (1972); (¢) G. M. Whitesides,
J. San Filippo, Jr., E. R. Stedrousky, and C. P. Casey, J. Amer. Chem,
Soc., 91, 6542 (1972); (d) E. J. Corey and D, J. Beames, ibid., 94, 7210
(1972); (e) J.-P. Gorlier, L. Hamon, J. Levisalles, and J. Wagnon,
J. Chem. Soc., Chem, Commun., 88 (1973); (f) A. E. Jukes, S. S. Dua,
and H. Gilman, J. Organometal. Chem., 21,241 (1970); (g) M. Bourgain,
J. Villieras, and J. F. Normant, C. R. Acad. Sci., 276, 1477 (1973).

(26) Mixed cuprates of the form Halogen(R)CuLi have been studied
previously in conjugate addition reactions: N, T. Luong-Thi and H.
Riviére, Tetrahedron Lett., 1583 (1970); 587 (1971).

(27) (a) T. Tsuda, T, Hashimoto, and T. Saegusa, J. Amer. Chem.
Soc., 94, 658 (1972); (b) T. Kawaki, and H. Hashimoto, Bull. Chem.
Soc. Jap., 45, 1499 (1972); (¢) G. Costa, A. Camus, and N. Marsich,
J. Inorg. Nucl, Chem., 27, 281 (1963).

(28) (a) R. Adams and A. Ferretti, J. Amer. Chem. Soc., 81, 4927
(1959); (b) R. Adams, W, Riefschneider, and A. Ferretti, Org. Syn.,
42, 22 (1962); (c) A. Ferretti and G. Tesi, Chem. Ind. (London), 1987
(1964); (d) M. Murakami and K. Takahashi, Bull. Chem. Soc. Jap.,
39, 2775 (1966); (e) T. Saegusa, Y. Ito, and T. Shimizu, J. Org. Chen.
35, 2979 (1970).
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pected, therefore, that a mixed cuprate Het(R)CuLi
in which the hetero group is alkoxy or aryloxy (R’O),
alkylthio or arylthio (R’S), or dialkylamino (R.'N)
might transfer the hydrocarbon group R selectively
in many organocopper addition and substitution re-
actions. Such selective transfer would allow economi-
cal use of the hydrocarbon group and would release
the heterocopper species (or Het-H after hydrolysis)
which should not complicate product isolation.

We report now preparation of a series of mixed
cuprate(l) reagents of the form Het(R)Culi, their re-
actions with several diverse types of organic substrates,
and comparison of the reactions of these mixed cuprates
and of other organocopper reagents.

Results and Discussion

Preparation and Properties of Several Hetero(alkyl)-
cuprate Reagents Het(R)CuLi. Five different mixed
hetero(alkyl)cuprate(l) reagents were prepared accord-

ing to eq 1-3. The appropriate alcohol, mercaptan,

THF
Het-H + »#-BuLi —> Het-Li + »#-BuH (1)

. THF
Het-Li + Cul —> Het-Cu -+ Lil 2)

_ THF ,
Het-Cu + RLi —> Het(R)CulLi (3)
—78°

Het = ~BuO, PhO, r-BuS, PhS, Et:N

or amine in tetrahydrofuran was treated with 1 equiv
of n-butyllithium. Such solutions of lithium zerz-
butoxide and lithium thiophenoxide, for example, are
stable at 0° under inert atmosphere for up to 1 week.
Addition of these solutions to suspensions of cuprous
iodide in tetrahydrofuran produces the corresponding
alkylheterocopper or arylheterocopper species which
are immediately cooled to —78° and then treated with
the appropriate organolithium reagent.*

The reactivity of these mixed cuprate reagents at
—78° in tetrahydrofuran was then determined by allow-
ing each to react with 1 equiv of benzoyl chloride.?!
Lithium diethylamino(sers-butyl)cuprate produced a
mixture of diethylamide (20%), tert-butyl ketone (pi-
valophenone, 5097), and reactant acid chloride (30 97);3?
the substantial amount of unreacted benzoyl chloride
even after long reaction times suggests that the amino-
(alkyl)cuprate decomposes even at —78° Lithium
tert-butylthio(zert-butyl)cuprate gave pivalophenone
(759%) and tert-butyl thiobenzoate (259), which prob-
ably indicates that tert-butylthio group transfer from
the mixed cuprate competes with alkyl group transfer.??

(29) (a) T. Kauffmann, J. Albrecht, D. Berger, and J. Legler, Angew.
Chem., Int. Ed. Engl,, 6, 633 (1967); (b) A. Camus and N, Marsich,
J. Organometal. Chem,, 14, 441 (1968); (c) H. Normant and T. Cuvigny,
Organometal. Chem, Syn., 1, 229 (1971); (d) 1. Kuwajima and Y. Doi,
Tetrahedron Lett., 1163 (1972).

(30) Attempts to prepare fert-butoxy(alkyl)cuprate reagents in ether
solution or to prepare lithium tert-butoxy(methyl)cuprate were un-
successful.

(31) An acid chloride was chosen for calibration of the reactivity of
these mixed cuprates rather than, for example, an «,8-unsaturated
ketone because substitution of chlorine proceeded rapidly at —78°
whereas conjugate addition was relatively slow at this temperature.

(32) Benzoyl chloride was detected as methyl benzoate due to the
methanol added at the end of the reaction.

(33) An equilibrium between a mixed cuprate and the corresponding
two symmetrical cuprates 2RR'CuLi 2 ReCuLi 4 R’:Culi) has been
suggested in several cases.!lb:3¢ [t is possible that lithium di-fert-butyl-
cuprate and lithium di-tert-butylthiocuprate are formed and that they
react at different rates with benzoyl chloride; absence of any phenyl-
di-tert-butylcarbinol among the products, as is produced in reaction
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Table I. Properties of Het(+~Bu)CuLi Reagents in Tetrahydrofuran®
Het:
Property +-BuO PhO t-BuS PhS Et,N
Color of solution Yellow-brown Orange-brown Pale green White ppt Green-brown
(~78%)
Colorless (0°)
Homogeneous solution Yes No No No (~789) No
Yes (0°)
Selectivity of alkyl group transfer Complete Complete Low Complete Low
at —78°
Highest temperature at which - 50° ~30° < —~78° 0° < -~78°
stable for 1 hr
Minimum number of equiv needed 1.16 1.30 1.10
to consume 1.00 equiv of PhCOCI
Het-H Volatile Base soluble Volatile Base soluble Volatile

@ The solvent actually is approximately a 2:1 mixture of THF-pentane; pentane is the solvent in commercial rers-butyllithium which is

used to prepare the mixed cuprates.

Transfer of alkylthio groups from alkylthiocopper
reagents to organic substrates has been noted pre-
viously.? Lithium terz-butoxy-, phenoxy-, and phenyl-
thio(tert-butyl)cuprates, however, all produced pivalo-
phenone in high yields without any detectable amounts
of tert-butyl or phenyl esters. This completely selec-
tive transfer of only the alkyl group in these mixed
reagents (i.e., the absence of esters) indicates that for-
mation of the mixed reagent probably had been com-
plete before benzoyl chloride was added.

The thermal stabilities of lithium rers-butoxy-, phen-
oxy-, and phenylthio(tert-butyl)cuprates were deter-
mined qualitatively as follows. Each reagent was pre-
pared at —78°, stored for 1 hr at a given temperature
between — 78 and 0°, and then recooled to —78°. One
equivalent of benzoyl chloride was added and the
amount of pivalophenone formed from these aged cu-
prate solutions was determined. At —50° all three
mixed cuprates give pivalophenone in good yield. At
—30° pivalophenone is formed in high yield using
phenoxy- and phenylthio(zert-butyl)cuprates(l), but
lithium tert-butoxy(zert-butyl)cuprate(I) decomposes
at this temperature as indicated by complete recovery
of benzoyl chloride.?? At 0° pivalophenone is pro-
duced using lithium phenylthio(zert-butyl)cuprate, but
phenyl benzoate (90 %) is formed using lithium phenoxy-
(tert-butyl)cuprate.? At present we have no good
explanation for this order of thermal stability, which
also appears to hold for the corresponding mixed sec-
butylcuprates.

Using lithium tert-butoxy, phenoxy, and phenylthio-
(tert-butyl)cuprates, we attempted to ascertain which
of these three reagents would convert benzoyl chloride
to pivalophenone in the highest yield, with yield being
based on the tert-butyl group. A series of experiments
was set up in which 1.00 equiv of benzoyl chloride was
allowed to react at —78° in tetrahydrofuran separately
of preformed lithium di-fers-butylcuprate with benzoyl chloride, argues
against the intermediacy of lithium di-fert-butylcuprate in reaction of
the mixed lithium tert-butylthio(ters-butyl)cuprate.

(34) H.O. House, D. G, Koespell, and W, J. Campbell, J. Org. Chem.,
37, 1003 (1972).

(35) Another possible explanation is that the mixed cuprate Het(R)-
CulLi is in equilibrium with Het-Cu + RLi and that Het(R)CuLi reacts
with benzoyl chloride more rapidly than does either Het-Cu or RLi.
This is unlikely because even at —78° rert-butyllithium (RLi), for ex-
ample, adds rapidly to hexamethylacetone;? alkoxycopper and mer-
captocopper species also react with organic halides,?7b,28,37
(19(22; P. D. Bartlett and E. B. Lefferts, J. Amer. Chem. Soc., 77, 2804

(37) For reactions of cuprous carboxylates with organic halides,
see A, H. Lewin and N. L. Goldberg, Tetrahedron Lett., 491 (1972).

with 1.10, 1.20, and 1.30 equiv of each of the three
hetero(zert-butyl)cuprates. The best results were ob-
tained with lithium phenylthio(zert-butyl)cuprate; only
1.10 equiv of this reagent was needed to convert all
of the benzoyl chloride to pivalophenone. The high
efficiency of this substitution reaction is in sharp con-
trast to all lithium diorganocuprate substitution re-
actions, in which the maximum yield of product is 509
based on the organic group transferred.”® The eco-
nomic use of the alkyl group in this and other (see below)
substitution and addition reactions suggests that these
mixed hetero(alkyl)cuprate reagents may be especially
useful for transfer of valuable alkyl groups as, for ex-
ample, in synthesis of prostaglandins. !4

Finally it should be emphasized that during the course
of reaction between benzoyl chloride and the mixed
hetero(alkyl)cuprates, the corresponding heterocopper
species and lithium chloride are formed (eq 4). In

PhCOCI + Het(R)CuLi —> PhCOR + Het-Cu + LiCl (4)

contrast to the substantial difficulties encountered in
product isolation when R,CulLi-Lig species (Lig =
phosphine or sulfide) are used,!!® tert-butoxycopper
and phenoxycopper are easily hydrolyzed; tert-butyl
alcohol is removed under vacuum and phenol is soluble
in aqueous base. Phenylthiocopper®® is insoluble in a
tetrahydrofuran—water solution containing ammonium
chloride and can be isolated as a yellow powder simply
by suction filtration. Upon treatment with aqueous
mineral acid it produces a clear yellow solution having
the distinctive odor of thiophenol. On several occa-
sions using a slight excess of lithium phenylthio(tert-
butyl)cuprate, product isolation involved simply suc-
tion filtration, extracting with diethyl ether, drying the
organic extracts, and evaporating solvent in vacuo to
afford the desired product having spectral and physical
data identical with those of authentic compounds.

Some properties of the five lithium hetero(zert-butyl)-
cuprate reagents studied are summarized in Table L.

Reactions with Acid Chlorides. The large number of
new methods for converting carboxylic acid derivatives
to ketones reflects the importance of this type of
synthetic transformation.® In addition to the more

(38) (a) A. I. Meyers and E. M. Smith, Tetrahedron Lett., 4355
(1970); (b) V. Michael and A-B. Hornfeldt, ibid., 5219 (1970); (¢) R.
F. Borch, S. R. Levitan, and F. A. Van-Catledge, J. Org. Chem., 37,
726 (1972); (d) T. Yamaguchi, Y. Shimizu, and T. Suzuki, Chem. Ind.
(London), 380 (1972); (e) K. Oshima, K. Shimoji, H. Takahashi, H.
Yamamoto, and H. Nozaki, J. Amer. Chem. Soc., 95, 2694 (1973).
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Table II. Reaction of Various tert-Butylcopper Reagents with 1,00 Equiv of Benzoyl Chloride

No. of Time, ————Product %] yields

Reagent equiv Temp, °C min Solvent PhCO-+-Bu PhCO,CH;# Other
PhS(s-Bu)CulLi 1.10 78 20 THF 99 (87¢) 0 0
t-BuO(+-Bu)CulLi 1.16 —78 20 THF 98 (829) 0 0
PhO(#-Bu)CulLi 1.30 -30 60 THF 87 13 0
t-BuS(s-Bu)CulLi 1.00 ~78 60 THF 75 3 224
Et;N(-Bu)CuLi 1.00 —78 60 THF 50 30 23
+-Bu,CulLi 2.00 —~78 20 THF 76 8 77
(CHj)(#-Bu)CulLi 3.00 —78 15 Ether 72 0 97
t-BuCu 3.00 —78 30 Ether 37 49 0
t-BuMgCl + Cul (100 mol %) 1.10 —78, 20 30, 30 Ether 34 <1 ~20¢
t-BuMgCl + Cul (10 mol %) 1.10 —78, 20 30, 30 Ether 33 3 ~20°
t-BuLi* 4+ Cul (10 mol %) 1.10 -178, 20 30, 30 Ether 5 3-5 ~20¢

a The yields were determined by glpc using calibrated internal standards and are based on benzoyl chloride. ? Addition of absolute
methanol at the end of the reaction converted any remaining benzoyl chloride to methyl benzoate. < Yield of pure product after distillation.

¢ PhCOS-r-Bu. ¢ PhACONEt,. / PhC(#-Bu)OH. ¢ PhCOCH;.

h Reaction of 3.0 equiv of r~-BuLi with 1.0 equiv of benzoic acid produces

pure pivalophenone in only 67%; yield: H. O. House and T. M, Bare, J. Org. Chem., 33, 943 (1968); M. J. Jorgenson, Org. React., 18, 1

(1970).

classical organometallic reagents which have been used
(e.g., organocadmium,?® organozinc,*® organoalumi-
num,® organolithium*!), new approaches have involved
organoiron,*? organorhodium,*?® organoboron,** or-
ganosilicon,* and organocopper!?4® species. Func-
tional group specificity, high yields, and simplicity and
mildness of experimental conditions are noteworthy
characteristics of many organocuprate reactions with
carboxylic acid chlorides.’? As noted previously, how-
ever, 3 equiv of R;CulLi (6 equiv of R) is usually needed
for optimal yields of ketones, and secondary and tertiary
organocopper reagents are generally more difficult to
prepare than primary ones.!? Using 1.2-1.3 equiv
of mixed lithium rert-butoxy(sec-butyl)- and (zert-butyl)-
cuprates per equivalent of acid chloride, we have been
able to overcome these difficulties and to prepare in
high yields (based on the alkyl group) a variety of sec-
ondary and tertiary alkyl ketones bearing remote halo-

gen, keto, and ester groups (eq 5 and 6).4¢ This func-
1.2 equiv of t-BuQ(t-Bu)CulLi
Br(CHz)mCOCl -
THF, —78°, 15 min
Br(CH,);,CO-#Bu 78% (5
1.3 equiv of t-BuO(sec-Bu) CuLi
n-BuCO(CH,),COCl —_—
THF, —78°, 15 min
n-BuCO(CH,).CO-sec-Bu 86% (6)

tional group specifity and economic use of the alkyl
group characterize reactions also of lithium phenyl-
thio(tert-butyl)cuprate (eq 7). This reagent, for ex-
ample, has been used successfully in preparative scale
(20 mmol) conversion of benzoyl chloride to pivalo-
phenone. Furthermore, although aldehydes are un-

(39) D. A, Shirley, Org. React., 8, 28 (1958).

(40) H. Reinheckel, K. Haage, and D. Jahnke, Organometal, Chem.
Rev., Sect. A, 4, 55 (1969).

(41) M. J. Jorgenson, Org. React., 18, 1 (1970).

(42) (@) 1. P. Collman and N. W. Hoffman, J. Amer. Chem. Soc.,
95, 2689 (1973); (b) Y. Sawa, M. Ryang, and G. Tsutsumi, J. Org.
Chem., 35, 4183 (1970).

(43) L. S. Hegedus, S, M. Lo, and D. E. Bloss, J. Amer. Chem. Soc.,
95, 3040 (1973).

(44) A. Pelter, M. G. Hutchings, and K. Smith, Chem. Commun.,
1529 (1970).

(19(471(5); S. P. Dent, C. Eaborn, and A. Piddock, Chem. Commun., 1703

(46) (a) G. M. Whitesides, C. P. Casey, J. San Filippo, Jr., and E. J.
Panek, Trans. N. Y. Acad. Sci., 29, 572 (1967); (b) G. H. Posner and
C. E. Whitten, Tetrahedron Lett., 4647 (1970); (c) C. Jallabert, N. T.
Luong-Thi, and H. Rivitre, Bull. Soc. Chim. Fr., 797 (1970); (d) N. T.
Luong-Thi, H. Rivi¢re, J.-P, Bégué, and C. Forestier, Tetrahedron Lert,,
2113 (1971); (e) J. Schwartz, ibid., 2803 (1972); (f) G. H. Posner and
C. E. Whitten, jbid., 1815 (1973).

i Nonvolatile organic residue remaining after vacuum distillation.

1.2 equiv of PhS(¢-Buw)CulLi
EtO,CCH,CH.COCl >

—>
THF, —78°, 15 min

EtO,CCH,CH.CO-r-Bu 65% (1)

stable toward lithium dimethylcuprate even at —90°,12
a mixture of 1 equiv of benzaldehyde and 1 equiv of
benzoyl chloride reacts at —78° with 1 equiv of lithium
phenylthio(zert-butyl)cuprate to form pivalophenone
in 90 97 yield with 73 97 recovery of benzaldehyde.

We have made an extensive comparison of the rela-
tive effectiveness of various tert-butylcopper reagents
in converting benzoyl chloride to pivalophenone. The
results are summarized in Table II. The main con-
clusion is quite clear: neither copper-catalyzed tert-
butylmagnesium chloride? nor lithium di-tert-butyl-
cuprate is so effective as the mixed lithium phenylthio-
(tert-butyl)cuprate or tert-butoxy(tert-butyl)cuprate.
The greater effectiveness of these two hetero(zert-butyl)-
cuprate reagents relative to other tert-butylcopper
reagents is expected to be even more pronounced in
reactions with many functionalized acid chlorides.

These results using hetero(alkyl)cuprate reagents for
conversion of acid chlorides to ketones are more than
simply an improved procedure based on refinement of
known techniques; they involve a new class of mixed
cuprate reagents which allow considerably more selec-
tive and more economical transfer of secondary and
especially tertiary alkyl groups than can be achieved
using any other procedure.

Reactions with o,’-Dibromo Ketones. The ease with
which ketones undergo «-alkylation makes them im-
portant synthetic intermediates. Much experimenta-
tion has led to several useful methods which allow
control over the regioselectivity and the amount of
alkylation (i.e., monoalkylation rather than dialkyla-
tion or polyalkylation) of ketones.® Many of these
methods involve formation of enol derivatives (enol
acetates,*® enol silyl ethers,*® enol phosphorylated
species,® enol stannyl ethers,’! and enamines’?) which

(47) (a) J. E. Dubois, M. Boussu, and C. Lion, Tetrahedron Lett.,
829 (1971), and references therein; (b) J. A. McPhee and J. E. Dubois,
ibid., 467 (1972).

(48) H. O. House, M. Gall, and H. O. Olmstead, J. Org. Chem., 36,
2361 (1971), and references therein.

(49) G. Stork and P. Hudrlick, J. Amer. Chem. Soc., 90, 4462 (1968).

(50) 1. J. Borowitz, E. W, R, Casper, R, K. Crouch, and K. C. Yeg,
J. Org. Chem., 37,3873 (1972).

(51) P, A, Tardella, Tetrahedron Lett., 1117 (1969).

(52) A. G. Cook, Ed., ”Enamines: Their Synthesis, Structure, and
Reactions,” Marcel Dekker, New York, N. Y., 1969.
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subsequently are converted to lithium enolates or al-
lowed to react directly with suitable alkyl halides.®*
These displacement reactions falter with most secondary
alkyl halides and fail with tertiary alkyl halides. We
have recently reported a new method for a-secondary
and o-tertiary alkylation of ketones which involves
reaction between «,c’-dibromo ketones and nucleo-
philic lithium zert-butoxy(alkyl)cuprate reagents.?®* The
reaction is represented in eq 8, and its effectiveness is

Het(R)CuLi 0 Het(R)CuLi
E+ O

Q
o (8)
i +

R\/K‘ Met™ (5= H, D, or methyl) R\/U\/E

exemplified by conversion of 2,6-dibromocyclohexanone
to 2-tert-butylcyclohexanone in 50% isolated yield.!?
A complete summary of results obtained in a-butyla-
tion of two symmetrical and four unsymmetrical ketones
is given in Table 111,

Table III. «a-Alkyl Ketones from 1.0 Equiv of «,a’-Dibromo
Ketones and 5.0 Equiv of Lithium rerr-Butoxy(alkyl)cuprate
Reagents in Tetrahydrofuran at —78°

——R, 7 yields———

Substrate Products n-Bu  s-Bu  t-Bu
2,6-Dibromo- 0

eyelo- (:/[ 77 81p 73 65 (50)c
hexanone R
4,6-Dibromo-5- #-C.:H,COCH(R)C;Hx-# 75 67 60
nonanone
2,6-Dibromo-2- o 48 61 31
methylcyclo- R

hexanone?

0
16 8 2
R

1,3-Dibromo-2- n-CsHnCOCH;R 37 49 53
heptanone n-C.HCH(R)COCH; 11 8 6
1,3-Dibromo-3- (CH;);CHCOCH:R 55 42 56
methyl-2- R(CH3),CCOCH; 25 8 10
butanone
2,6-Dibromo- 0

3,3-dimethyl- R 1 33
cyclo-

hexanone

e The yields were determined by glpc using calibrated internal
standards and are based on substrate. ® 5 equiv of n-Bu,CuLi were
used instead of -BuO(»#-Bu)CuLi. < Yield of isolated product; see
ref 13. 410 equiv of cuprate reagent were used.

The data in Table 111 require several comments. Un-
symmetrical «,a’-dibromo ketones react with lithium
tert-butoxy(butyl)cuprate reagents to give mixtures of
a- and «’-monoalkylated products. Alkylation of the
less substituted a-carbon atom predominates, and the

(53) Cyclopropylamines have also been used recently for alkylation
of ketones: M. E. Kuehne and J. C. King, J. Org. Chem., 38, 304
(1973).

degree of regioselectivity increases from normal butyla-
tion to secondary butylation to tertiary butylation.
This regioselectivity is apparently due mainly to steric
effects; butylation of 2,6-dibromo-3,3-dimethylcyclo-
hexanone, in which a bulky group is on the carbon
atom § to the carbonyl group, proceeds with the largest
regioselectivity we have observed in «-alkylation of
any unsymmetrical ketone. On the other hand, treat-
ment of 2a,4a-dibromo-5a-cholestan-3-one with lithium
dimethylcuprate gives a mixture of 2a- and 4a-methyl-
Sa-cholestan-3-one.

The optimum ratio of mixed cuprate to dibromo
ketone substrate was studied briefly. Yields of a-butyl
ketones decreased by a small amount (~10%) when
3 equiv rather than 5 equiv of cuprate reagent was
used and increased by a small amount (~10%) when
10 equiv rather than 5 equiv of cuprate reagent was
used. Although the need for a large excess of cuprate
to achieve complete conversion of substrate to product
has been noted previously,” %! no explanation of this
phenomenon is apparent.

The major side products observed in these a-alkyla-
tion reactions of dibromo ketones are small amounts
(~10%) of the parent ketone and varying amounts of
polymeric material. The largest amounts of polymer
appear in the tertiary butylation reactions; the tert-
butyl absorptions which are evident in the nmr spec-
trum of this polymer are probably due to the rert-butyl
group and not the fert-butoxy group because polymer
formed in reactions of lithium tert-butoxy(sec-butyl)-
cuprate show no tert-butyl absorption. The infrared
spectrum of polymer shows a broad carbonyl absorp-
tion at about 1700 cm—!. Attempts to reduce polymer
formation by varying the ratio of reagent to substrate
or by using different solvents (diethyl ether, pentane)
were not highly successful.

We have compared the relative effectiveness of various
butylcuprate reagents in converting 2,6-dibromocyclo-
hexanone into 2-butylcyclohexanones. The results
are summarized in Table IV. Lithium rert-butoxy-

Table IV. Reaction of 5.0 Equiv of Various Butylcopper
Reagents with 1.0 Equiv of 2,6-Dibromocyclohexanone
(at —78° for 30 min)

Product
o4

Reagent Solvent R % yields
PhS(¢-Bu)CuLi THF R = #-Bu 63
r-BuO(#-Bu)CuLi THF R = r-Bu 65 (500)
CHy(s-Bu)CulLi Ether R = +Bu 20
+-Bu,CuLi Ether R = r-Bu 18
t-BuQ(sec-Bu)CulLi THF R = sec-Bu 75
sec-Bu,CuLi Ether R = sec-Bu 38
t+-BuO(#-Bu)CulLi THF R = n-Bu 77
n-Bu,CulLi Ether R = n-Bu 81

@ The yields were determined by glpc using calibrated internal
standards and are based on 2,6-dibromocyclohexanone. ° Yield of
isolated product.

(tert-butyl)cuprate and phenylthio(terz-butyl)cuprate
are clearly the best reagents for a-tertiary alkylation.
Mixed hetero(alkyl)cuprates also work better than the
corresponding dialkylcuprates for a-secondary alkyla-
tion. Normal butylation, however, is achieved in
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slightly better vield using dialkylcuprates than using
mixed hetero(alkyl)cuprates.

As noted previously,?* a,a’-dibromo ketones react
with lithium dimethylcuprate in diethyl ether to give
a-methyl ketones consistently in high yield upon aque-
ous work-up. We have now found that methylmag-
nesium iodide (2 mol equiv) produces the same trans-
formations albeit generally in lower yields (Table V).*4

Table V. «-Methyl Ketones from «,a’-Dibromo Ketones and
Methylmagnesium Iodide and Lithium Dimethylcuprate(I)
n Diethyl Ether

7793

secondary and tertiary alkyl groups when treated with
lithium zerz-butoxy(alkyl)cuprates. ! Comparison of
the relative effectiveness of various organocopper re-
agents in these secondary and tertiary alkylation re-
actions (Table V1) shows that lithium phenylthio(alkyl)-

Table VI. Reaction of Various Organocuprate Reagents with
1.0 Equiv of Primary Alkyl Halides or Tosylates
Product
(% yields
Sol- No. of R= R =
Substrate  vent Reagent equiv sec-Bu r-Bu

% vield of isolated
a-methyl ketone using

Substrate CH;Mgls (CHj;),CuLi®
cis-2,12-Dibromocyclododecanone 86 97
2,8-Dibromocyclooctanone 65 80¢
trans-2,6-Dibromocyclohexanone <1 98
cis-2,6-Dibromocyclohexanone <10 95¢,4
4,6-Dibromo-5-nonanone 17 70
2,4-Dibromo-2,4-dimethyl-3-pentanone 704 54d,¢
1,3-Dibromo-1,3-diphenyl-2-propanone <20 72/

e 25° reaction temperature; the substantial variation in yield of
a-methyl ketone as a function of a,a’-dibromo ketone structure is
not yet fully understood. ® —78° reaction temperature. ¢ Reac-
tion temperature —78° for 5 min and then 25° for 1 hr. 9 Yield
was determined by analytical glpc using a calibrated internal
standard and is based on substrate. ¢ Reaction was performed in
pentane as solvent at —50°, / 189 dimer: 1,3,4,6-tetraphenyl-
2,5-hexanedione.

A cyclopropanone (or allene oxide or oxyallyl carbo-
nium ion) intermediate has been trapped in reaction of
1,3-dibromo-1,3-diphenyl-2-propanone with lithium di-
methylcuprate and with methyl Grignard.!®* Reaction
of rert-butylmagnesium chloride with 2,6-dibromo-
cyclohexanone does not produce any appreciable
amount of 2-tert-butylcyclohexanone.

This new method for «-alkylation of ketones com-
plements our procedure for preparing unsymmetrical
ketones from acid chlorides and organocuprate re-
agents. Although the efficiency of alkyl group trans-
fer in these reactions between «,a’-dibromo ketones
and hetero(alkyl)cuprates is not high, the effective «-
secondary and a-tertiary alkylation of ketones repre-
sents a novel, significant synthetic operation which
cannot be achieved directly by other means.

Reactions with Alkyl Halides. The scope and limita-
tions of coupling reactions between organic halides and
organocopper reagents have been reviewed.?® This
method for formation of carbon—carbon ¢ bonds allows
selective substitution of halogens by various hydro-
carbon groups in many different types of organic halide
substrates. Although methyl and primary alkyl groups
can be introduced using the corresponding lithium
dialkylcuprate reagents,’1! introduction of secondary
and tertiary alkyl groups has been more difficult. Un-
til now phosphine-complexed secondary and tertiary
dialkylcuprates have been used most often, despite the
difficulty of product isolation.!?® Recently secondary
and tertiary alkylation of n-alkyl tosylates using R,CuLi
species have been reported,”” and we have shown that
n-alkyl iodides undergo replacement of halogen by

(54) There are reports from only one research group on reaction of
an a,a’-dibromo ketone with a Grignard reagent to give an a-substi-

tuted ketone: J, Umnowa, J. Russ. Phys. Chem. Soc., 44, 1395 (1912);
45, 881 (1913); Chem. Zentralbl., 1, 1402 (1913).

n-CsHysl THF PhS(R)CuLi 2.0 »-CgHnR 67 98
n-CgHy 1 THF #BuO(R)CuLi 3.0 »n-CgHiR 52 82
I‘l-CaHuIb Ether RzCULl 5.0 IZ-C{,HuR 7 0
n-CsHy:Br THF #BuO(R)CuLi 5.0 n-CsHyR 0¢ 83
IZ-CaHuBrb THF- RzCULlPBU;; 5.0 IZ-CaHuR 94 92
pen-
tane
n-CsHimOTs? Ether R,CulLi 5.0 n-CgHzR 85« 90¢

a The yields were determined by glpc using calibrated internal
standards and are based on substrate. ? These data are from ref
11b. © 1-Bromooctane was recovered. ¢ These data are from ref
17. e Yield of isolated product.

cuprates are substantially superior to the corresponding
lithium rert-butoxy(alkyl)cuprates but that these mixed
hetero(alkyl)cuprates are not always more effective
than other organocopper reagents. It is noteworthy
that tertiary alkylation is achieved more effectively
than secondary alkylation using the mixed hetero(alkyl)-
cuprates.

Coupling of secondary and tertiary dialkylcuprates
with secondary alkyl halides!®!! and tosylates!” pro-
ceeds in poor yield. Likewise, lithium phenylthio-
(tert-butyl)cuprate does not consume any 2-iodooctane
even after 2 hr at 30°, and lithium zert-butoxy(tert-
butyl)cuprate converts 2-octyl tosylate into 2,2,3-tri-
methylnonane is less than 25 %] yield.%

Reactions with «,3-Ethylenic Ketones, Conjugate
addition reactions of organocopper reagents to «,8-
unsaturated carbonyl compounds have been reviewed
recently.” Although I,4-addition of primary alkyl
groups is common, conjugate addition of secondary
and especially tertiary alkyl groups has been achieved
in only several instances.?® Recently a mixed alkynyl-
(tert-butylcuprate reagent has been used for conversion
of 2-cyclohexenone to 3-tert-butylcyclohexanone,?
and we have reported using lithium tert-butoxy(zer:-
butyl)cuprate also for this conversion.*® Although
the data in Table VII indicate that lithium phenylthio-
(tert-butyl)cuprate is the most effective hetero(rert-
butyl)cuprate for this conversion, n-propylethynyl(tert-
butyl)cuprate affords the conjugate adduct in highest
yield; this alkynyl(alkyl)cuprate reagent, however,
is considerably more difficult to prepare than the cor-
responding hetero(alkyl)cuprate.

Prodigious efforts are now being applied in various
laboratories to effect conjugate addition of various
alkenyl groups to 2-cyclopentenones. These efforts

(55) Work is progressing in these laboratories on development of new
methods for formation of carbon-carbon ¢ bonds between two sec-
ondary alkyl groups.

(56) (a) J. A. Marshall and H. Roebke, J. Org. Chem., 31, 3109
(1966); 33, 840 (1968); (b) V. K. Andersen and J. Munch-Petersen,
Acta Chem. Scand., 16, 947 (1962); (¢) C. A. Henrick and J. B, Siddall,
Zoecon Corp., unpublished results (see ref 7).
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Table VII. Reaction of Various rert-Butylcopper Reagents
with 1.00 Equiv of 2-Cyclohexen-1-one in Tetrahydrofuran

3-rert-Butyl-

cyclo-

No. of Temp, Time, hexanone

Reagent equiv °C hr (% yield®)
PhS(r-Bu)CulLi 1.06 —~78 1 27
PhS(s-Bu)CulLi 1.25 0 1 50
PhS(s-Bu)CulLi 2.54 0 2 86
PhO(s-Bu)CuLi 2.50 -30 2 66
t-BuO(s-Bu)CuLi 1.47 - 50 8 53¢
+-BuO(#-Bu)CuLi 2.42 -50 4 62¢
n-PrC=C(s-Bu)CuLi 1.04 —78 0.25 >95¢

« The yields were determined by glpc using calibrated internal
standards and are based on 2-cyclohexen-l-one. °® After 8 hr at
—50°, the reaction mixture was allowed to warm to 0° during 2 hr.
¢ After 4 hr at —50°, the reaction mixture was allowed to warm to
25° during 2 hr. @ These data are from ref 25d; reaction was done
in ether.

are justified because some of them already have led to
syntheses of several prostaglandins.?* Although re-
action of 2-cyclopentenone with lithium tert-butoxy-
(vinyl)cuprate failed to give any appreciable amount
of conjugate adduct,*®f results using lithium phenylthio-
(vinyl)cuprate are somewhat more promising. Using
1.05 equiv of lithium pbhenyl(vinyl)cuprate in tetra-
hydrofuran for 30 min at —78°, all 2-cyclopentenone
is consumed and 3-vinylcyclopentanone can be isolated
by column chromatography in approximately 309
yield. This yield compares reasonably well with the
yields obtained using lithium dialkenylcuprates which
have been roughly 5097 based on enone but 25 % based
on the alkenyl group transferred.24.d.e

Conclusion

Of the five lithium hetero(alkyl)cuprate reagents
studied, lithium phenylthio(alkyl)cuprates are the most
useful. They are easily prepared and are stable up
to 0°. They allow easy work-up after reaction with
substrate, and they provide the highest efficiency in
terms of the alkyl group which is transferred. They
react with acid chlorides, o,a’-dibromo ketones, pri-
mary alkyl halides, and enones to form ketones, a-alkyl
ketones, hydrocarbons, and $-alkyl ketones in higher
yields than the other hetero(alkyl)cuprates. Compared
with other organocopper reagents, lithium phenylthio-
(alkylcuprates are equally useful in reactions with
most enones and primary alkyl iodides and are sub-
stantially more useful in reactions with «,a’-dibromo
ketones and acid chlorides.

Experimental Section

General Procedure. Infrared spectra were obtained with Perkin-
Elmer 337 and 457 infrared spectrophotometers, as liquid films,
KBr pellets, or in CHCI; or CCl, solution. Nmr spectra were ob-
tained with a Varian A-60 or a Jeol MH-100 spectrometer in CCl,
or CDCl; solutions, with TMS internal standard. Mass spectra
were recorded with a Hitachi-Perkin Elmer RMU-6 mass spec-
trometer. Melting points, determined with a Mel-Temp melting
point apparatus, and boiling points are uncorrected. Analytical
glpc were performed on a Varian Aerograph series 1200 gas chro-
matograph, using the following columns: (A) 10 ft X 0.25 in.
FFAP on Chrom W (60-80); (B) 18 ft X !/3 in. Reoplex on Ana-
chrom AS (80-90); (C) 7 ft X Ys in. 5% SE-30 on Chrom G (100~
120); (D) 10 ft X 0.25 in. 10%] Carbowax 20-M on Chrom W (60—
80). Preparative glpc was performed on a Varian Aerograph
Model 90-P gas chromatograph, using the following columns: (E)
20 ft X 3/s in. QF-1 on Chrom W (45-60); (F) 20 ft X 3/zin. 20%

Carbowax 20-M on Chrom W (45-60); (G) 10 ft X 0.25in. 5%
SE-30 on Chrom W (60-80); (H) 20 ft X Y3 in. 209 SE-30 on
Chrom W (45-60). Analyses were performed by Galbraith Lab-
oratories, Inc., Knoxville, Tenn., or by Chemalytics, Inc., Tempe,
Ariz.

All reactions involving organocopper compounds were per-
formed in three-neck round-bottom flasks charged with cuprous
iodide and equipped with serum stoppers and a nitrogen filled
balloon. Prior to the introduction of solvent, the apparatus was
dried with a Bunsen burner flame while being evacuated.

Reagents and Solvents. The following reagents were obtained
from commercial sources and were used without purification:
cyclooctanone, 2-methylcyclohexanone, 2,4-dimethyl-3-pentanone,
5-nonanone, 2-heptanone, 1,3-diphenylpropanone, 5a-cholestan-
3-one, 11-bromoundecanoic acid, #-octyl iodide, and adipic acid.

The following reagents were obtained from commercial sources
and were purified as indicated: 2,12-dibromocyclododecanone
(recrystallized twice from ether to mp 123-124°), cyclohexanone
(distilled at 155° (760 mm)), rert-butyl alcohol (distilled from
CaH.),3 -methylcyclohexenone (distilled at 59° (4 mm)), thiophenol
(distilled at 46° (8 mm)), rerr-butylmercaptan (distilled at 64° (760
mm)), phenol (recrystallized from petroleum ether—chloroform to
mp 43°), diethylamine (distilled at 55° (760 mm)), rert-butyl chlo-
ride (distilled at 51° (760 mm)), 3-carbomethoxypropionyl chloride
(distilled at 39° (0.13 mm)), benzoyl chloride (distilled at 32° (0.15
mm)), benzaldehyde (distilled at 62° (10 mm)), 2-cyclohexen-1-one
(distilled at 56-58° (13 mm)), 2-cyclopenten-1-one (distilled at 64°
(20 mm)).

Commercial solvents were used from freshly opened bottles
without further treatment except that tetrahydrofuran was distilled
from lithium aluminum hydride and stored under N; and furan was
distilled immediately prior to use.

Cuprous iodide (Fisher Chemical Co.) was continuously ex-
tracted with tetrahydrofuran in a Soxhlet extractor for 12 hr and
dried in vacuo at 25°; the cuprous iodide thus purified remained
pure on standing for several months, and aliquots were used for
reaction with organolithium reagents to generate cuprates(l). For
comparison, some commercial cuprous iodide was recrystallized,’
but this purification procedure was found to be unnecessary be-
cause the yields in several reactions using THF-washed or recrys-
tallized cuprous iodide were virtually the same.

Alkyllithium reagents were obtained from Foote Mineral Co.
and Alfa Inorganics, and were used directly from the bottle.
Methyllithium was about 2.0 M in diethyl ether solution and was
stored at ambient temperature. n-Butyllithium and sec-butyl-
lithium were about 2.0 and 1.2 M, respectively, in hexane solutions
and rert-butyllithium and vinyllithium were about 2.0 M in pentane
and tetrahydrofuran solutions, respectively. These were stored at
0°, Molarity was determined by a double titration procedure.

Lithium Phenylthio(zerr-butyl)cuprate. Preparation and Reaction
with Benzoyl Chloride. A stirred suspension of 4.19 g (22.0 mmol)
of cuprous iodide in 45 ml of tetrahydrofuran was treated at 25°
with 18.3 ml of 1.20 M (22.0 mmol) lithium thiophenoxide in 1:1
tetrahydrofuran-hexane.>® A clear, yellow solution formed within
5 min but became a cloudy suspension upon cooling to —78°.
Dropwise addition of 10.6 ml of 2.06 M (21.8 mmol) rers-butyl-
lithium in pentane to the cold ( ~78°) suspension gave a fine, nearly
white precipitate. Into this cold (~78°) suspension was injected
after 5 min 15.0 ml of a precooled (~78°) solution of 2.81 g (20.0
mmol) of benzoyl chloride in tetrahydrofuran. Addition of the
substrate regenerated the cloudy, yellow suspension, and the reac-
tion was stirred for 20 min before quenching was effected by injec-
tion of 5.0 ml (125 mmol) of absolute methanol. The reaction
mixture was allowed to warm to room temperature and poured into
200 ml of saturated, aqueous ammonium chloride, and the yellow
precipitate thus formed was removed by suction filtration. The
aqueous phase was extracted with three 100 ml portions of ether and
the combined ether phases were washed twice with 50 ml of 1 N
sodium hydroxide and dried with magnesium sulfate. Solvent was
removed i1 vacuo to afford 3.21 g (99%) of a slightly yellow oil with
spectral properties essentially identical with those of pure pivalo-

(57) G.B. Kauffman and L. A. Teter, Inorg. Syn., 7,9 (1963).

(58) G. M. Whitesides, C. P. Casey, and J. K. Krieger, J. Amer.
Chem. Soc., 93, 1379 (1971), and references cited therein.

(59) Lithium thiophenoxide was prepared by reaction of equimolar
quantities of n-butyllithium and thiophenol at 0° under nitrogen in
sufficient tetrahydrofuran to form a =1.0 M solution. Lithium rers-
butoxide, lithium ters-butylmercaptide, and lithium phenoxide were
prepared by similar procedures.
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phenone. Short path distillation gave 2.82 g (87 7 yield based on
benzoyl chloride) of colorless pivalophenone: bp 105-106° (15
mm) (lit.%° 103-104° (13 mm)); #%*D 1.5092 (lit.8! »*Dp 1.5090); ir
(CCly) 1680 cm™! (C=0); nmr (CCly) é 7.6-7.8 (m, 2 H), 7.2-7.5
(m,3H),1.33 (s, 9 H).

Lithium rerr-Butoxy(zerr-butyl)cuprate. Preparation and Reac-
tion with Benzoyl Chloride. To a stirred suspension of 457 mg
(2.40 mmol) of cuprous iodide in 3.0 ml of tetrahydrofuran at 25°
was added 2.18 ml of 1.10 M (2.40 mmol) lithium rerr-butoxide in
1:1 tetrahydrofuran-hexane.’® After 15 min all solid, gray cuprous
iodide had disappeared and a cloudy green-brown suspension had
formed. The mixture was cooled to —78°, and 2.10 ml of 1.12 M
(2.33 mmol) rert-butyllithium in pentane was injected dropwise. A
solution of 290 mg (2.06 mmol) of benzoyl chloride in 2.0 ml of
tetrahydrofuran was precooled to —78° and rapidly added to the
reaction mixture. After 20 min the reaction was quenched by
addition of 1.0 ml (25 mmol) of absolute methanol. After warming
to room temperature the mixture was poured into 50 ml of saturated,
aqueous ammonium chloride and extracted with three 50 ml por-
tions of ether. The combined ether phases were washed with 50 ml
of 1% sodium thiosulfate and dried with magnesium sulfate, and
the solvent was evaporated to leave 332 mg (99 %) of a yellow oil.
Microdistillation afforded 274 mg (82%) of colorless pivalophe-
none: #n¥p 1.5084 (lit.¢! #n%p 1,5090); ir (CCl,) 1680 cm~! (C=0);
nmr (CCly) 6 7.6-7.8 (m, 2H), 7.3-7.5(m, 3 H), 1.32 (s, 9 H).

Lithium Phenoxy(rerr-butyl)cuprate. Preparation and Reaction
with Benzoyl Chloride. To a stirred suspension of 190 mg (1.00
mmol) of cuprous iodide in 1.5 ml of tetrahydrofuran was added
at 25° 1.00 ml of 1.00 M (1.00 mmol) lithium phenocxide in
1:1 tetrahydrofuran-hexane.’®* After 15 min the mixture was
cooled to —50° and 0.45 ml of 2.12 M (0.96 mmol) rert-butyl-
lithium in pentane was added dropwise. The mixture was stirred
for 1 hr at —350° and cooled to —78°, and a precooled (—78°) so-
lution of 135 mg (0.96 mmol) of benzoyl chloride in 1.0 ml of tetra-
hydrofuran was injected. After 15 min the reaction was quenched
with 1.0 ml (25 mmol) of absolute methanol. Normal work-up
(ether-ammonium chloride extraction) including washing with 1 N
sodium hydroxide gave 169 mg (1099) of a yellow oil. The nmr
spectrum (CCly) of the crude product indicated the relative yields of
products to be 879 pivalophenone, § 1.33 (s), and 13 % methyl
benzoate, § 3.86 (s).

13-Bromo-2,2-dimethyl-3-tridecanone. Into a cold (—~78°),
stirred suspension of 2.40 mmol of lithium rert-butoxy(ters-butyl)-
cuprate was injected slowly a cold (ca. — 50°) solution of 567 mg
(2.00 mmol) of 11-bromoundecanoyl chloride (bp 117-119° (0.22
mm); lit.82 bp 130-132° (1 mm)) in 2.0 ml of tetrahydrofuran. The
reaction was stirred for 15 min at ~78° and then quenched by addi-
tion of 1.0 ml (25 mmol) of absolute methanol. Normal work-up
afforded 611 mg (100%) of a slightly yellow oil. The crude prod-
uct was filtered through a 5 X 50 mm column of F-20 Alumina
(ether solvent) and microdistilled to give 514 mg (84 %) of a colorless
liquid. The nmr spectrum indicated the product to be 93 % of the
desired ketone (78 % based on consumed starting material) and 7 %
of the corresponding methyl ester. A sample of the pure 13-
bromo-2,2-dimethyl-3-tridecanone was obtained by column chro-
matography on a 1.5 X 10 ¢cm column of F-20 Alumina using
hexane and 5% ether-hexane as eluant followed by microdistilla-
tion: ir (CCly) 1707 cm~! (C=0); nmr (CCly) § 3.37 (t, 3 H),
2.38(t,3H), 1.2-2.0(m, 16 H), 1.10 (s, 9 H).

Anal. Caled for C;;HyBrO: C, 59.01; H, 9.57; Br, 26.17.
Found: C,39.19; H,9.51; Br, 26.10.

3-Methyl-4,9-tridecanedione. A cold (—78°) suspension of 1.30
mmol of lithium rerr-butoxy(rer-butyl)cuprate was treated with a
precooled (—78°) solution of 201 mg (0.98 mmol) of 6-oxadecanoyl
chloride®® (bp 86-87.5° (0.23 mmy)) in 1.0 ml of tetrahydrofuran.
After 20 min the reaction was quenched by the addition of 1.0 ml
(25 mmol) of absolute methanol and worked up by the normal pro-
cedure to afford 230 mg of slightly yellow 3-methyl-4,9-tridecane-
dione. Microdistillation gave 194 mg (87 %) of colorless liquid
which was more than 98 % pure by nmr and glpc. An analytical
sample was obtained by preparative glpc (column A, 180°, 35 min):
ir (CCLy) 1716 cm~! (C=0); nmr (CCly) § 2.35 (m, 7 H), 0.7-1.9
(m, 19 H), doublet apparent at 1.03.

Anal,  Caled for Ci Hy0:: C, 74.29; H, 11.58.

Found: C,
74.24;H,11.36.

(60) A. Haller and E. Bauer, C. R. Acad. Sci., 148, 73 (1909).

(61) C. Cherrier and J. Metzger, C. R. Acad. Sci., 226, 797 (1948).

(62) N.Rabjohn and M. S. Cohen, J. Amer. Chem. Soc., 76, 1280 (1954).
(63) Prepared by the action of oxalyl chloride on 6-oxodecanoic acid.
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Methyl 5,5-Dimethyl-4-oxohexanoate, To 2.40 mmol of lithium
phenylthio(rert-butyl)cuprate at —78° was added 303 mg (2.02
mmol) of 3-carbomethoxypropionyl chloride as a cold (—~78°)
solution in 1.0 ml of tetrahydrofuran. After 20 min the reaction
was quenched by injection of 1.0 ml (25 mmol) of absolute methanol.
Analytical glpc (column A, 180°, butyrophenone internal standard)
indicated one major product (7.5 min) and two minor products
(5 min and 6.8 min, each less than 327). The major product is
methyl 5,5-dimethyl-4-oxohexanoate (226 mg, 65 %) which was ob-
tained pure by preparative glpc (column H, 190°, 18 min): ir
(CCly) 1741 cm™! (ester C=0), 1710 cm™! (ketone C=0); nmr
(CCly) 8 3.63(s,3 H),2.62(m,4H),1.15(s, 9 H).

Anal. Caled for CngeO;;Z C, 62.77;
63.07; H, 9.29.

Competition between Benzoyl Chloride and Benzaldehyde for a
Limited Amount of Lithium Phenylthio(tert-butyl)cuprate. To a
cold (—78%) suspension of 2.0 mmol of lithium phenylthio(rers-
butyl)cuprate was added a cold (—78°) solution of 212 mg (2.0
mmol) of benzaldehyde and 281 mg (2.00 mmol) of benzoyl chloride
in 2.0 ml of tetrahydrofuran. After 5 min the reaction was
quenched by injection of 1.0 ml (25 mmol) of absolute methanol and
worked up by the normal procedure including washing of the com-
bined ether extracts with 1 N sodium hydroxide. The nmr (CCly)
spectrum indicated the crude product (510 mg) to contain pivalo-
phenone (292 mg, 90%, § 1.32 (s)), methyl benzoate (27 mg, 107, 6
3.83 (s)), and benzaldehyde (155 mg, 73 9; recovery, § 10.5 (s)).

Pivalophenone. A. Using Lithium rers-Butylthio(rerr-butyl)-
cuprate, To a stirred suspension of 190 mg (1.00 mmol) of cuprous
iodide in 1.5 ml of tetrahydrofuran at 25° was added 1.0 ml of 1.00
M (1.00 mmol) lithium zers-butylmercaptide.®® After 15 min the
reaction mixture was cooled to —78° and 0.47 ml of 2.12 M (1.00
mmol) tert-butyllithium in pentane was added dropwise. After 1
hr at —78° a solution of 140 mg (1.00 mmol) of benzoyl chloride in
1.0 ml of tetrahydrofuran was cooled to —78°, injected into the
reaction mixture, and was followed after 15 min by 1.0 ml (25
mmol) of absolute methanol. Normal work-up gave 174 mg of a
yellow oil. The nmr spectrum (CCly) indicated the products to be
pivalophenone (112 mg, 69%, & 1.33 (s)), methyl benzoate (11 mg,
8%, 6 3.85(s)), and rerr-butyl thiobenzoate (45 mg, 239, 6 1.55 (s)).

B. Using Lithium Diethylamino(tert-butyl)cuprate. To a sus-
pension of 381 mg (2.00 mmol) of cuprous iodide in 4.5 ml of
tetrahydrofuran at —30° was added 2.0 ml of freshly prepared
(~30°) 1.00 M (2.00 mmol) lithium diethylamide. After 5 min
the red-brown mixture was cooled to —78° and 0.93 ml of 2.12 M
(2.00 mmol) tert-butyllithium in pentane was added dropwise.
The mixture was stirred for 1 hr at —78° before a cold (—78°)
solution of 281 mg (2.00 mmol) of benzoyl chloride in 2.0 ml of
tetrahydrofuran was injected. Quenching with 1.0 ml (25 mmol)
of absolute methanol followed by normal work-up gave 262 mg of
yellow liquid. The nmr spectrum (CCl,) indicated the products to
be pivalophenone (146 mg, 45%, 6 1.32 (s)), methyl benzoate (16
mg, 69, & 3.85 (s)), and benzoic acid diethyl amide (81 mg, 23%;, &
3.33(g)and 6 1.11 (1)).

C. Using Lithium Di-rert-butylcuprate. To a cold (—~78°
suspension of 381 mg (2.00 mmol) of cuprous iodide in 4.0 ml of
tetrahydrofuran was added dropwise 1,89 ml of 2.12 M (4,00 mmol)
rert-butyllithium in pentane. After 5 min a cold (—78°%) solution
of 281 mg (2.00 mmol) of benzoyl chloride in 2.0 ml of tetrahydro-
furan was injected, and after 20 min the reaction was quenched with
1.0 ml (25 mmol) of absolute methanol. Ether-ammonium
chloride work-up afforded 302 mg of a yellow oil. The nmr
spectrum (CCly) indicated the products to be pivalophenone (249
mg, 77 %, 6 1.32 (s)), methyl benzoate (23 mg, 8%, § 3.82 (s)). and
phenyldi-rert-butylcarbinol (29 mg, 7 %, § 1.07 (s)).

D. Using ftert-Butylcopper. To a suspension of 1.14 g (6.00
mmol) of cuprous iodide in 17 ml of ether at —40° was added drop-
wise 5.30 ml of 1.12 M (5.94 mmol) rerr-butyllithium in pentane.
After 5 min the reaction mixture was cooled to —78°, and 295
mg (2.10 mmol) of benzoyl chloride dissolved in 2.0 ml of ether
was cooled to —78° and injected into the reaction mixture. After
15 min the reaction was quenched with 1.0 ml (25 mmol) of ab-
solute methanol and worked up by the usual procedure to give 251
mg of a yellow oil. Analysis of the crude product by nmr (CCls)
indicated the principal products to be pivalophenone [118 mg, 357,
6 1.32 (s)] and methyl benzoate [133 mg, 47 %, 6 3.83 (s)].

E. Using rert-Butylmagnesium Chloride and 100 Mol % of
Cuprous Iodide.®* To a cold (~ 78°) mixture of 419 mg (2.20 mmol)

H, 9.36. Found:

(64) The procedure followed is that outlined in ref 47,

Posner, Whitten, Sterling | Cuprate Reagents Which Allow Selective Alkyl Transfer
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of cuprous iodide and 273 mg (1.94 mmol) of benzoyl chloride in
7.0 ml of ether was added dropwise 0.92 ml of 2.38 M (2.20 mmol)
rerr-butylmagnesium chloride®® and the mixture was stirred for 30
min at —78°. The reaction was allowed to warm slowly to 20°
over 1.5 hr and then quenched by the addition of 1.0 ml (25 mmol)
of absolute methanol. Normal ether-ammonium chloride work-up
gave 251 mg of yellow oil. Analytical glpc (column D, 200°,
butyrophenone as internal standard) indicated the major product
to be pivalophenone (4.9 min, 104 mg, 34%;) with one minor prod-
uct also present. The nmr spectrum confirmed the presence of
pivalophenone (5 1.35 (s)) and showed the minor product to be
methyl benzoate (6 3.88 (s)). Vacuum distillation left 75 mg of a
nonvolatile, organic residue which was not identified.

F. Using ters-Butyllithium and 10 Mol 7 of Cuprous Iodide.5*
To a mixture of 42 mg (0.22 mmol) of cuprous iodide and 273 mg
(1.94 mmol) of benzoyl chloride in 7.0 ml of ether was added drop-
wise 1.07 ml of 2.12 M (2.37 mmol) tert-butyllithium in pentane
and the mixture was stirred for 30 min at —78°, The reaction was
allowed to warm slowly to 20° over 1.5 hr and then was quenched
by the addition of 1.0 ml (25 mmol) of absolute methanol. The
usual work-up procedure afforded 268 mg of yellow oil, but analyti-
cal glpc (column D, 200°, butyrophenone as internal standard)
indicated only a small amount of pivalophenone (4.9 min, 16 mg,
5°2). The nmr spectrum (CCl.) confirmed the presence of pivalo-
phenone (8 1.33 (s)) and also displayed a resonance characteristic of
methyl benzoate (~15 mg, ~59, 6 3.83(s)).

General Procedure for Reaction of «,a’-Dibromo Ketones with
Lithium rers-Butoxy(alkyl)cuprate Reagents. To 970 mg (5.1
mmol) of cuprous iodide in 10 ml of tetrahydrofuran at 0° was
added 4.5 ml of 1.1 M (5.0 mmol) lithium rerr-butoxide. After
stirring for 5 min, the green mixture was cooled to —78°, and the
following reagents were added successively: 5.0 mmol of the
appropriate alkyllithium reagent, 1.0 mmol of the a,a’-dibromo
ketone in 1 ml of tetrahydrofuran, and after 30 min 1 ml of ab-
solute methanol. Normal work-up involved pouring the reaction
mixture into a stirring aqueous solution of ammonium chloride,
adding 0.7-0.8 g of sodium thiosulfate to remove any color due to
halogen, and extracting with ether. Volatile products were ana-
lyzed and isolated by glpc, and nonvolatile products were isolated
by solvent removal under reduced pressure.

2-n-Butylcyclohexanone. A, Using Lithium  ters-Butoxy(n-
butyl)cuprate. Following the general procedure, to 5.0 mmol of
lithium rerr-butoxy(n-butyl)cuprate at —78° was added 256 mg
(1.0 mmol) of 2,6-dibromocyclohexanone (Table VIII) in 1 ml of
tetrahydrofuran and, after 30 min, 1 ml of absolute methanol.
Normal work-up was followed by solvent removal under reduced
pressure. Analytical glpc (column A, 120°, cyclooctanone internal
standard) indicated one major peak, at 9 min, which corresponds to
2-n-butylcyclohexanone (117 mg, 77%). The crude product was
distilled at a bath temperature of about 130° (25 mm) to give 90 mg
(59%;) of pure 2-n-butylcyclohexanone: n%°D 1.4538 (lit.t® n*D
1.4543); nmr (CCl;) 8 0.7-2.5 (broad m); ir (CCly) 1718 cm™!
(C=0); mass spectrum (70 eV) /e 154, 111, 98, 93, 70.

B. Using Lithium Di-n-butylcuprate. To 970 mg (5.1 mmol) of
cuprous iodide in 14 ml of diethyl ether at —45° was added 5.5 ml
of 1.81 M (10.0 mmol) n-butyllithium. The dark solution was
cooled to —78% and 250 mg (1.0 mmol) of 2,6-dibromocyclo-
hexanone was added in 1 ml of ether. After 30 min, 1 ml of ab-
solute methanol was added followed by normal work-up and solvent
removal under reduced pressure. Analytical glpc (column A,
120¢, cyclooctanone internal standard) indicated one major peak at
9 min, which was identified as 2-n-butylcyclohexanone (125 mg,
81 %) by comparison to an authentic sample.

2-sec-Butylcyclohexanone, A. Using Lithium rerr-Butoxy(sec-
butylcuprate. To 5.0 mmol of lithium teri-butoxy(sec-butyl)-
cuprate at —78° was added 256 mg (1.0 mmol) of 2,6-dibromo-
cyclohexanone in 1 ml of tetrahydrofuran and, after 30 min, 1 ml
of methanol. Normal work-up was followed by solvent removal
under reduced pressure leaving 152 mg of a yellow oil. Analytical
glpc (column A, 120°, cyclooctanone internal standard) indicated
one major peak at 11.5 min which corresponds to 2-sec-butyl-
cyclohexanone (112 mg, 73%;). Distillation at a bath temperature
of about 120° (25 mm) afforded 80 mg (54%) of pure 2-sec-butyl-

(65) tert-Butylmagnesium chloride was prepared by the method of
F. C. Whitmore and D. Badertsher, J. Amer. Chem. Soc., 55, 1559
(1933), and standardized by the method of H. Gilman, E. Zoellner, and
J. Dickey, ibid., 51, 1576 (1929).

(66) H. Holmgquist, H. Rothrock, C. Theobold, and B. Englund,
J. Amer. Chem. Soc., 78, 5339 (1956).

Table VIII. Preparation and Properties of a,a’-Dibromo Ketones
Ir (C=0)®
a,a’-Dibromo ketone Ref Bp/mp, °C (lit.) (lit.)
cis-2,6-Dibromocyclo- e mp 108-110 1750
hexanone (110-111)/ (1750)¢
trans-2,6-Dibromocyclo- ¢ mp 32-35 (36)¢ 1740
hexanone (1736)°

bp 130-133 (15 mm) 1727
(132-135 (20 mm))~
mp 40-42 (39)* 1740

4,6-Dibromo-5-nonanone g

trans-2,6-Dibromo-2- e
methylcyclohexanone

1,3-Dibromo-2-heptanone i bp 126-132 (25 mm) 1725
(111-114 (9 mm))*

1,3-Dibromo-3-methyl-2- % bp 87 (10 mm) 1723

butanone (87 (10 mm))/
cis- and rrans-2,6-Di- ! bp 99-100 (0.5 mm) 1736 and
bromo-3,3-dimethyl- 1753
cyclohexanone® (trans,
1736 and
1742;
cis,
1750)¢
2,4-Dibromo-2,4-di- m bp 109-114 (41 mm) 1700
methyl-3-pentanone (84.5-86.5 (10 mm))™
1,3-Dibromo-1,3-di- k mp 75-85 (79-97)* 1745
phenylpropanone
2,8-Dibromocyclo- h mp 72.5-74 1740
octanone?
2a,4a-Dibromo-Sa- 17 mp 196-198 1758

cholestan-3-one (194-194 . 5)

a Source of general procedure used for preparation of dibromo

ketones. ® CCly solvent, numbers given in cm™. <909 pure;
contains some mono- and tribrominated contaminants. ¢ Anal.
Caled for CsHi:OBrs: C, 33.85; H, 4.23; Br, 56.29. Found:

C, 3399; H, 4.32; Br, 56.14. ¢D. Q. Quan, C. R. Acad, Sci.,
Ser. C, 267, 1074 (1968). ' E. J. Corey, J. Amer. Chem. Soc., 15,
3297 (1953). ¢ R. Breslow, L. J. Altman, and A. Krebs, J. Amer.
Chem. Soc., 87, 1326 (1965). * E. Garbisch, J. Org. Chem., 30,
2109 (1965). ‘C. Rappe and R. Adelstrém, Acta Chem. Scand.,
19,383 (1965). 7 R. G. Doerr and P. S. Skell, J. Amer. Chem. Soc..
89, 4684 (1967). * R. Breslow, T. Eicher, A. Krebs, R. Peterson,
and J. Posner, J. Amer. Chem. Soc., 87, 1320 (1965). ! H. Durr,
G. Ourisson, and B. Waegell, Chen. Ber., 98, 1859 (1965). = G.
Claeson and A. Thalen, Acta Chem. Scand., 17, 1172 (1963).
» C. Djerassi and A. L. Wilds, J. Amer. Chem. Soc., 68, 1712
(1946).

cyclohexanone: #2D 1.4603 (lit.# %D 1.4586); nmr (CCly) 6 0.7—
2.5 (broad m); ir (CCl,) 1718 cm™! (C=0); mass spectrum (70 eV)
mle 154,125, 98, 83, 70.

B. Using Lithium Di-sec-butylcuprate. To 970 mg (5.1 mmol)
of cuprous iodide in 11 ml of diethyl ether at —45° was added 8.0
ml of 1.24 M (10.0 mmol) sec-butyllithium. The dark solution
was cooled to —78° and 256 mg (1.0 mmol) of 2,6-dibromocyclo-
hexanone was added in 1 ml of ether. After 30 min 1 ml of meth-
anol was added followed by normal work-up and solvent removal
under reduced pressure leaving 110 mg of a yellow oil. Analytical
glpc (column A, 120°¢, cyclooctanone internal standard) indicated
three minor peaks (1.5-2.5 min) and a major peak at 11.5 min which
was identified as 2-sec-butylcyclohexanone (66 mg, 43%;) by com-
parison to authentic material.

6-n-Propyl-5-decanone. To 5.0 mmol of lithium rerr-butoxy-
(n-butyl)cuprate at —78° was added 3.16 mg (1.0 mmol) of 4,6-
dibromo-5-nonanone in 1 ml of tetrahydrofuran and, in 20 min,
1 ml of absolute methanol. Normal work-up was followed by
solvent removal under reduced pressure leaving 230 mg of a yellow
oil. Analytical glpc (column C, 160°, cyclododecanone internal
standard) indicated 2 minor peaks (ca. 1.5 min) and a major one
(4.5 min). One of the minor peaks was identified as 5-nonanone
(10 mg, 7%) by comparing its retention time with that of authentic
material. The major peak corresponds to 6-n-propyl-5-decanone
(149 mg, 75%) which was isolated by preparative glpc (column E,
180°, 24 min): nmr (CCly) § 2.2-2.6 (m, 3 H), 1.05-1.7 (m, 14 H),

(67) V. Barkhash, G. Smiranova, A. Prudchenko, and 1. Machin-
skaya, Zh. Obshch. Khim., 33, 2202 (1963); Chem. Abstr., 59, 1383h
(1963).
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0.7-1.05 (m, 9 H); ir (CCl,} 1720 cm~! (C=0); mass spectrum (70
eV) mje 198,169, 156,142,127,113,110.

Anal. Caled for C;H:0: C, 78.72; H, 13.21.
78.98; H, 13.06.

4-rert-Butyl-5-nonanone. To 5.0 mmol of lithium rerr-butoxy-
(rerr-butyl)cuprate at —78° was added 316 mg (1.0 mmol) of 4,6-
dibromo-5-nonanone in 1 ml of tetrahydrofuran and, after 30 min,
1 ml of absolute methanol. Normal work-up was followed by
solvent removal under reduced pressure leaving 210 mg of a yellow
oil. Analytical glpc (column C, 160°, cyclododecanone internal
standard) indicated two major peaks: A, 1.5 min; B, 3.5 min.
A was identified as 5-nonanone (ca. 10 mg, 7 %) by comparing its
retention time with that of authentic material. B is 4-rerr-butyl-5-
nonanone (118 mg, 60%;) which was isolated by preparative glpc
(column E, 165°,13 min): nmr (CCl) 6 2.15-2.45 (m, 3 H), 0.85-
1.9 (m, 14 H) superimposed on 0.9 (s, 9 H); ir (CCly) 1710 cm™!
(C=0); mass spectrum (70 eV) m/e 198, 156, 113, 100, 85.

Anal.  Caled for C;3H:sO: C, 78.72; H, 13.21. Found: C,
78.76; H, 13.28.

2-n-Butyl-6-methylcyclohexanone and 2-1-Butyl-2-methylcyclo-
hexanone. To 10.0 mmol of lithium rert-butoxy(n-butyl)cuprate
at —78° was added 270 mg (1.0 mmol) of trans-2,6-dibromo-2-
methylcyclohexanone in 1 ml of tetrahydrofuran and, in 30 min,
1 ml of absolute methanol. Normal work-up was followed by
solvent removal under reduced pressure leaving 200 mg of a yellow
oil. Analytical glpc (column C, 125°, cyclooctanone internal
standard) indicated three major components: A, 2 min; B, 4 min;
C, 11 min. A was identified as 2-methylcyclohexanone (4 mg, 3%)
by comparing its retention time with that of authentic material.
B was not identified. C was isolated wia preparative glpc (column
H, 200°) as a mixture of c¢is- and trans-2-n-butyl-6-methylcyclo-
hexanone and 2-n-butyl-2-methylcyclohexanone (107 mg, 64 %) in
the following relative amounts by analytical glpc (column B, 130°):
cis-2-n-butyl-6-methylcyclohexanone (32 min, 43%); trans-2-n-
butyl-6-methylcyclohexanone (36 min, 27%); and 2-n-butyl-2-
methylcyclohexanone (38 min, 30%). c¢is-2-1-Butyl-6-methylcyclo-
hexanone was isolated via preparative glpc (column E, 170°, 24
min): nmr (CCly) 0.6-2.5 (m with apparent doublet at 0.94, J = 6
Hz) consistent with literature® nmr data); ir (CCly) 1709 cm™!
(C=0). 2-n-Butyl-2-methylcyclohexanone collected zia prepara-
tive glpc (column E, 170°, 28 min) was contaminated with ca. 1097
trans-2-n-butyl-6-methylcyclohexanone but still gave nmr (CCl,)
data consistent with the literature:® § 0.6-2.2 (broad m with
0.98 (s)); ir (CCly) 1709 cm™! (C=0). The following data were ob-
tained from the mixture of isomers: mass spectrum (70 eV) m/e
168,126,112, 87.

Anal.  Caled for C;H.0O: C, 78.51; H, 11.98.
78.58; H, 12.01.

2-sec-Butyl-6-methylcyclohexanone and 2-sec-Butyl-2-methyl-
cyclohexanone. To 10 mmol of lithium terr-butoxy(sec-butyl)-
cuprate at — 78° was added 270 mg (1.0 mmol) of trans-2,6-dibromo-
2-methylcyclohexanone and, after 30 min, 1 ml of absolute meth-
anol. Normal work-up was followed by solvent remova! under
reduced pressure leaving 184 mg of a yellow oil. Analytical glpc
(column C, 125° cyciooctanone internal standard) indicated three
major components: A, 2 min; B, 9.5 min; C, 11 min. A was
identified as 2-methylcyclohexanone (4 mg, 3%) by comparing its
retention time with an authentic sample, Preparative glpc (column
H, 200°) gave pure samples of B (35 min) and C (40 min), B is 2-
sec-butyl-6-methylcyclohexanone (100 mg, 61%): nmr (CCly) §
1.05-2.5 (broad m, ca. 11 H), 0.7-1.05 (spikey m, ca. 9 H) with
apparent methyl doublet at 0.95 (/ = 6 Hz); ir (CCl,) 1713 cm™!
(C=0); mass spectrum (70 eV) m/e 168,153,139, 112, 97.

Anal. Caled for C;HyO: C, 78.51; H, 11.98. Found: C,
78.28;, H, 12.07. r

C is 2-sec-butyl-2-methylcyclohexanone (13 mg, 8%): nms
(CCly) similar to above compound except that the methyl doublet i
replaced by a singlet at é 0.83; ir (CCly) 1709 ¢cm—! (C=0); mass
spectrum (70 eV) mje 168, 166, 139,127,112, 97.

2-rert-Butyl-6-methylcyclohexanone and 2-rerr-Butyl-2-methyl-
cyclohexanone. To 10.0 mmol of lithium rert-butoxy(rerr-butyl)-
cuprate at — 78 was added 270 mg (1.0 mmol) ¢S trans-2,6-dibromo-
2-methylcyclohexanone and, after 30 min, 1 ml of absolute meth-
anol. Normal work-up was followed by solvent removal under
reduced pressure leaving 180 mg of a yellow oil. Analytical glpc
(column C, 110°, cycloheptanone internal standard) indicated three
major components: A, 3 min; B, 11 min; C, 12 min. A was
identified as 2-methylcyclohexanone (20 mg, 13 %) by comparing its
retention time with that of authentic material. Preparative glpc
(column H, 200°) gave pure B (33 min) and C (38 min). B is 2-

Found: C,

Found: C,
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rert-butyl-6-methylcyclohexanone (52 mg, 31%): nmr (CCly) &
1.0-2.3 (m, 8 H), 1.0 (s, #-Bu), 0.85 (s, CH,). which is the upfield
component of the methyl doublet partially obscured by the rers-
butyl singlet; ir (CCly) 1714 cm~! (C=0); mass spectrum (70 eV)
mje 168,153,112, 69.

Anal. Caled for CH:O: C, 78.51; H, 11.98.
78.46; H, 12.03.

C is 2-rerr-butyl-2-methylcyclohexanone (3 mg, 2%): nmr
(CCly) 8 1.0-2.5 (m, 8 H), 0.95 (s, 3H), 0.85 (s. 9 H); ir (CCl,) 1713
cm™! (C=0); mass spectrum (70 eV) mje 168, 153, 125, 111, 97, 83,
69.

6-Hendecanone and 3-n7-Butyl-2-heptanone. To 5.0 mmol of
lithium rerr-butoxy(n-butyl)cuprate at —78° was added 272 mg
(1.0 mmol) of 1,3-dibromo-2-heptanone in 1 ml of tetrahydrofuran
and, after 30 min, 1 ml of absolute methanol. Normal work-up
was followed by solvent removal under reduced pressure leaving 200
mg of a green oil. Analytical glpc (column C, 125° cyclooctanone
internal standard) indicated two major products: A, 7 min; B, 9.5
min., Preparative glpc (column H, 200°) was used to isolate A (25
min) and B (31 min). A is 3-n-butyl-2-heptanone (19 mg. 1127
which has spectral data fully consistent with those in the litera-
ture.®®» B is 6-hendecanone (63 mg, 37%): n*D 1.4270 (lit.#%®
n%D 1,4268); nmr (CCly) § 2.15-2.0 (m, 4 H), 1.05-1.85 (m, 12 H),
0.75-1.05 (m, 6 H); ir (CCly) 1720 cm~! (C=0); mass spectrum (70
eV)m/e 170, 127,114,99,71.

3-Methyl-5-decanone and 2-sec-Butyl-2-heptanone. To 5.0 mmol
of lithium rerr-butoxy(sec-butyl)cuprate at —78° was added 272
mg (1.0 mmol) of 1,3-dibromo-2-heptanone in 1 ml of tetrahydro-
furan and, after 30 min, 1 ml of absolute methanol. Normal
work-up was followed by solvent removal under reduced pressure
leaving 188 mg of a green oil. Analytical glpc (column C, 125°,
cyclooctanone internal standard) indicated two major peaks: A,
6 min; B, 7.5 min. Preparative glpc (column H, 200%) was used to
isolate A (24 min) and B (27 min). A is 2-sec-butyl-2-heptanone
(14 mg, 8%7): nmr (CCly) 6 2.15-2.4 (m, 1 H), 2.05 (s. 3 H), 1.05-
1.9 (m, 9 H), 0.65-1.05 (m, 9 H); ir (CCL,) 1715 cm™! (C=0); mass
spectrum (70 eV) mje 170, 114, 99, 85, 71. B is 3-methyl-5-de-
canone (83 mg, 49%): nmr (CCly) é 2.1-2.5 (m, 4 H), 1.05-1.90
(m, 9 H), 0.7-1.05 (m, 9 H); ir (CCly) 1720 cm™! (C=0); mass
spectrum (70 eV) m/e 170, 99, 71. 59, 58.

Anal. Caled for CquzO: C. 7758 H. 13.02.
77.28; H, 12.86.

2,2-Dimethyl-4-nonanone and 3-rers-Butyl-2-heptanone. Tc 5.0
mmol of lithium rerr-butoxy(rert-butyl)cuprate at —78° was added
272 mg (1.0 mmol) of 1,3-dibromo-2-heptanone and, after 30 min,
1 ml of absolute methanol. Analytical glpc (column C, 110°,
cycloheptanone internal standard) indicated two major peaks:
A, 8 min; B, 9 min. Preparative glpc (column H. 170°) was used
to isolate A (41 min) and B (45 min). A is 3-rerr-butyl-2-heptanone
(10 mg, 697): nmr (CCLy) § 2.1-2.4 (m, 1 H). 2.05 (s. 3 H), 1.05-
1.70 (m, 6 H), 0.85-1.05 (m, 3 H) superimposed on 0.90 (s, 9 H);
ir (CCly) 1715 cm~! (C=0); mass spectrum (70 eV) m/je 170, 155,
114, 99, 85, 71. B is 2,2-dimethyl-4-nonanone (90 mg, 53%7):
nmr (CCl,) 2.15-2.45 (m, 4 H), 1.1-1.55 (m, 6 H), 1.05-0.85 (m,
3 H) superimposed on 1.00 (s, 9 H); ir (CCl,) 1720 cm™! (C=0);
mass spectrum (70 eV) mje 170, 99, 71. The samples were com-
bined for microanalysis.

Anal, Caled for CyyH»O: C. 77.58; H. 13.02.
77.27; H, 12.65.

2-Methyl-3-octanone and 3,3-Dimethyl-2-heptanone. To 5.0
mmol of lithium rerr-butoxy(n-butyl)cuprate at —78° was added
244 mg (1.0 mmol) of 1,3-dibromo-3-methyl-2-butanone in 1 ml of
tetrahydrofuran and. after 30 min, 1 ml of absolute methanol.
Normal work-up was followed by careful solvent removal using a
15-cm vigreux column. Analytical glpc (column A, 130°, 5-
nonanone as internal standard) indicated four major products:
A, 3 min; B, 5 min; C, 5.5 min; D, 16 min. A could not be
cleanly resolved from solvent. Preparative glpc (column F, 120%)
gave pure samples of B (31 min) and C (41 min). Bis 3,3-dimethyl-
2-heptanone (35 mg, 25%): bp 173-174° (760 mm) (lit.** bp
169.5 (735 mm)); nmr (CCly) & 2.0 (s, 3 H), 1.05 (s, 6 H) super-
imposed on 0.8-1.6 (m. 9 H); ir (CCl,) 1708 cm™! (C=0); mass
spectrum (70 eV) mfe 142, 99, 86, 71. C is 2-methyl-3-octanone
(75 mg, 55%): bp 180-181° (760 mm) (lit.™ bp 182-184" (760

Found: C,

Found: C,

Found: C,

(68) (a) H. O. House and B. M. Trost, J. Org. Chem., 30, 2502
(1965). (b) S. Simon, Bull. Soc. Chim. Belg., 38, 52 (1929),

(69) R. Locquin and L. Leers, C. R. Acad. Sci., Paris, 178, 2097
(1924),

(70) R, Pickard and J. Kenyon, J. Chem. Soc., 101, 620 (1912).
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mm)); nmr (CCly) § 2.2-2.8 (m, 3 H), 1.05(d, 6 H, J = 7 Hz)
superimposed on 0.8-1.7 (m, 9 H); ir (CCly) 1714 cm™~! (C=0);
mass spectrum (70 eV) m/e 142, 86, 71. A was not identified.

2,5-Dimethyl-3-heptanone and 3,3,4-Trimethyl-2-hexanone, To
5.0 mmol of lithium terr-butoxy(sec-butyl)cuprate at —78° was
added 244 mg (1.0 mmol) of 1,3-dibromo-3-methyl-2-butanone in 1
ml of tetrahydrofuran and, after 30 min, 1 ml of absolute methanol.
Nermal work-up was followed by careful solvent removal through
a 15-cm vigreux column. Analytical glpc (column A, 120°,
nonanone internal standard) indicated two major products: A,
4 min; B, 5.5 min. Preparative glpc (column E, 145°) was used
to isolate B (18 min) and C (21 min). Bis 2,5-dimethyl-3-heptanone
(60 mg, 42%): nmr (CClLy) 6 1.7-2.7 (m, 4 H), 0.7-1.4 (m, 8 H)
superimposed on 1.05 (d, J = 7 Hz, 6 H); ir (CCly 1713 cm™!
(C=0); mass spectrum (70 eV) m/e 142, 113, 99, 86, 71.

Anal. Caled for CoHigO: C, 75.99; H, 12.76. Found: C,
76.29; H, 12.52.

C is 3,3,4-trimethyl-2-hexanone (11 mg, 897): nmr (CCly) § 2.0
(s, 3 H), 0.95 (s, 6 H), superimposed on 0.7-1.6 (m, 9 H), which is
fully consistent with the literature nmr spectrum;’® ir (CCly) 1708
cm~! (C=0); mass spectrum (70 eV) m/e 142, 99, 71.

2,5,5-Trimethyl-3-hexanone and 3,3,4,4-Tetramethyl-2-pentanone,
To 5.0 mmol of lithium zerr-butoxy(rerr-butyl)cuprate at —78° was
added 244 mg (1.0 mmol) of 1,3-dibromo-3-methyl-2-butanone in
1 ml of tetrahydrofuran and, after 30 min, 1 ml of methanol.
Normal work-up was followed by careful solvent removal through
a 15-cm vigreux column. Analytical glpc (column A, 135¢, cyclo-
heptanone internal standard) indicated three major products: A.
2.7 min; B, 4 min; C, 6.5 min. Preparative glpc (column E,
150°) was used to isolate the products: A, 8 min; B, 12 min; C,
20 min. A is 2.5,5-trimethyl-3-hexanone (81 mg, 56%): n%D
1.4137 (lit.7? n2p 1.4114-1.4129); nmr (CCly) § 2.2-2.8 (heptuplet,
J = 6.5Hz,1H),23(s,2H), 1.05(d,J = 6.5 Hz, 6 H) overlapping
1.0 (s, 9 H); ir (CCly) 1712 cm~! (C=0); mass spectrum (70 eV)
mfje 142, 99, 86, 71. B is 3,3,4,4-tetramethyl-2-pentanone (13 mg,
10%): bp 163-164° (760 mm) (lit.’® bp 165.5-166.5 (760 mm));
nmr (CCly) 6 2.05 (s, 3 H), 1.1 (s, 3 H), 0.95 (s, 3 H), 0.85 (s, 9 H);
ir (CCly) 1720 cm™! (C=0); mass spectrum (70 eV) m/e 142, 137,
127, 109, 85, 71. C was unidentified.

3,3-Dimethylcyclohexanone. To 8.60 g (45.1 mmol) of cuprous
iodide in 135 ml of diethyl ether at 0° was added 45.5 ml of 1,98 M
(90 mmol) methyllithium. The clear colorless solution was cooled
to —78° and 3.3 g (30 mmol) of 3-methyl-2-cyclohexenone was
added in 3 ml of diethyl ether. After 1 hr at —78°, the reaction
was allowed to warm to 0° for 45 min at which time 1 ml of absolute
methanol was added. Normal work-up was followed by solvent
removal leaving 3.36 g of a green oil. Analytical glpc (column
A, 150°) showed one peak (4 min). The crude product was dis-
tilled at 73-74° (26 mm) (lit. bp 71--71.5 (19 mm))™ to give clear
colorless 3,3-dimethylcyclohexanone (2.9 g, 77%): nmr (CCL,) §
1.4-2.3 (m, 8 H), 0.95 (s, 6 H); ir (CCl,) 1717 cm~1 (C=0). Spec-
tral data were fully consistent with those in the literature.”*

2-n-Butyl-5,5-dimethylcyclohexanone and 2-n-Butyl-3,3-dimeth-
ylcyclohexanone. To 5.0 mmol of lithium rers-butoxy(n-butyl)
cuprate at —78° was added 284 mg (1.0 mmol) of 2,6-di-
bromo-3,3-dimethylcyclohexanone in 1 ml of tetrahydrofuran and,
after 30 min, 1 ml of absolute methanol. Normal work-up was
followed by solvent removal under reduced pressure leaving 177 mg
of a yellow oil.  Analytical glpc (column C, 160°, cyclododecanone
internal standard) indicated three major peaks: A, 1.7 min; B,
2min; C,5.2min. A was identified as 3,3-dimethylcyclohexanone
(22 mg, 17 %) by comparing its retention time with that of authentic
material. Preparative glpc (column E, 195°) was used to isolate B
(8 min) and C (28 min): B? is apparently a mixture of methyl
esters (22 mg, 1692): nmr (CCly) 8 3.6 (s, 3 H); ir (CCly) 1734
cm~! (C==0). C is an 85:15 mixture of 2-n#-butyl-5,5-dimethyl-
cyclohexanone and 2-n-butyl-3,3-dimethylcyclohexanone as re-
vealed by analytical glpc (column B, 150°, 26 and 27.5 min,
respectively). They could not be completely separated, so the
following data are for the isolated mixture (66 mg, 36%): nmr
(CCly) 6 0.8-2.2 (m), 2.1 (s), 1.6 (m), 1.2 (m), 1.0 (s), 0.85 (s); ir

(71) J. Beggs and M. Meyers, J. Chem. Soc. B, 930 (1970).

(72) F. Whitmore and W, Forster, J. 4mer. Chem. Soc., 64, 2966
(1942).

(73) S. Barton and C. R. Porter, J. Chem. Soc., 2483 (1956).

(74) H. O. House and W, Fisher, J. Org. Chem., 33, 949 (1968).

(75) This side product may be due to the 10%; impurity in the starting
material.

(CCly) 1712 cm~! (C=0); mass spectrum (70 eV) m/e 182, 167,
139, 126, 111.

Anal. Caled for CH»O: C, 79.06; H, 12.16.
79.27; H, 11.93.

2-rert-Butyl-5,5-dimethylcyclohexanone. To 5.0 mmol of lithium
tert-butoxy(rert-butyl)cuprate at —78° was added 285 mg (1.0
mmol) of 2,6-dibromo-3,3-dimethylcyclohexanone and, after 30
min, 1 ml of absolute methanol. Normal work-up was followed
by solvent removal under reduced pressure leaving 170 mg of a
vellow oil. Analytical glpc (column C, 160°, cyclododecanone
internal standard) indicated three major products: A, 1.7 min;
B, 1.9 min; C, 3.5 min. A was identified as 3,3-dimethylcyclo-
hexanone (20 mg, 157;) by comparing its retention time with that
of authentic material. Preparative glpc (column E, 185°) was used
to isolate B (18 min) and C (23 min). B is 5,5-dimethyl-2-cyclo-
hexenone (20 mg, 15%): nmr (CCl) & 6.7 (m, 1 H), 5.85 (m,
1 H), 2.2 (m, 4 H), 1.05 (s, 6 H); ir (CCl,) 1682 (C=0); mass
spectrum (70 eV) m/e 124, 109, 96, 81, 68. Spectral data are com-
pletely consistent with those in the literature.’® C is 2-rers-butyl-
5,5-dimethylcyclohexanone (60 mg, 33%): mp 37-38°; nmr
(CCly) 6 1.4-2.4 (m, 7 H), 1.0 (s, 3 H), 0.95 (s, 9 H), 0.85 (s, 3 H);
ir (CCl;) 1714 cm~! (C=0); mass spectrum (70 eV) m/e 182, 168,
139, 127.

Anal. Caled for C:H20: C, 79.06; H, 12.16. Found: C,
78.83; H, 12.27.

2«- and 4a-Methyl-5a-cholestan-3-one.  To 305 mg (1.6 mmol) of
cuprous iodide in 4 ml of diethyl ether at 0° was added 1.4 ml of
2.06 M (3.0 mmol) methyllithium. The clear colorless solution
was cooled to —78° and 163 mg (0.3 mmol) of 2«,4a-dibromo-5«-
cholestan-3-one was added through a side arm. After 30 min, 1
ml of absolute methanol was added to the yellow suspension,
followed by normal work-up and solvent removal under reduced
pressure, leaving 118 mg (999;) of white crystals, mp 102-109°,
These were recrystallized twice from absolute methanol to give a
material of mp 122-123°; however, nmr (CCl,) still indicated the
methyl doublet peaks from both 2«- and 4a-methyl-Sa-cholestan-3-
one (2a-methyl-3a-cholestan-3-one (mp 119-120°7") absorbs at §
0.94 (J = 6 Hz) in an authentic sample, and 4a-methyl-5a-cholestan-
3-one (mp 121-123°%) js reported’ to absorb at § 0.90 (J/ = 7 Hz)).

General Procedure for Reaction of «,«’-Dibromo Ketones with
Lithium Dimethylcuprate. To 970 mg (5.1 mmol) of cuprous
iodide in 14 ml of anhydrous diethyl ether at 0° was added 5.6 ml
of 1.72 M (10,0 mmol) methyllithium, The resulting clear solution
was cooled to —78° and 1.0 mmol of a,a’-dibromo ketone was
added by syringe. After 30 min 1 ml of absolute methanol was
added followed by a normal work-up which involved pouring the
reaction mixture into a stirring aqueous solution of ammonium
chloride and extracting with ether.

2-Methylcyclododecanone, A. Using Lithium Dimethylcuprate.
Using the general procedure, to 40.0 mmol of lithium dimethyl-
cuprate at —78° was added through a side arm 3.44 g (10.0 mmol)
of solid ¢is-2,12-dibromocyclododecanone. After 15 min, 10 ml
of methanol was added to the yellow suspension followed by normal
work-up and solvent removal leaving 1.88 g (99 7 yield) of a yellow
oil. Analytical glpc (column A, 200°) indicated two peaks: A,
7 min; B, 8 min. A was identified as cyclododecanone by com-
paring its retention time with that of authentic material and ac-
counted for ca. 1% of the mixture. B corresponds to 2-methyl-
cyclododecanone. Distillation at a bath temperature of ca. 100°
(0.2 mm) gave a clear colorless oil: nmr (CCly) § 2.5 (broad m,
3 H), 1.3 (m, 18 H),1.02(d, J = 7 Hz, 3 H); ir (CCl)) 1710 cm™!

Found: C,

(C=0); mass spectrum (70 eV) m/e 196; semicarbazone mp
211-213°,

Anal. Caled for CiiH»N;O: C, 66.36; H, 10.74; N, 16.59.
Found: C, 66.62; H, 10.53; N, 16.43,

B. Using Methylmagnesium Iodide. To 107 mg (4.0 mmol) of
magnesium turnings in 6 ml of diethyl ether was added 0.25 ml (4.0
mmol) of neat methyl iodide. After the reaction was initiated 10
ml more of diethyl ether was added and in ca. 15 min 680 mg (2.0
mmol) of dry cis-2,6-dibromocyclododecanone was added via a side
arm. After 30 min at ambient temperature the reaction was poured

(76) W. G. Dauben, G. W, Shaffer, and N. D. Vietmeyer, J. Org.
Chem., 33, 4060 (1968).

(77) Y. Mazur and F, Soundheimer, J. Amer. Chem. Soc., 80, 5220
(1958).

(78) C. Shoppee, G. A. R, Johnston, and R. E. Lock, J. Chem. Soc.,
3604 (1962).

(79) J.-C. Jacquesy, R. Jacquesy, J. Levisalles, J.-P. Pete, and H.
Rudler, Bull. Soc. Chim. Fr., 2224 (1964),
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into brine and extracted with ether, the combined organic layers
were dried (MgSO,), and solvent was removed under reduced
pressure leaving 350 mg of a yellow oil. Analytical glpc (column
C, 200°) indicated three peaks: A, 3.5 min; B, 4.5 min; C, 5.5
min. Each was identified by comparing retention times (and
ultimately nmr data) to authentic material. A is cyclododecanone
(7 mg, 2%); B is 2-methylcyclododecanone (335 mg, 86%); Cis
2,12-dimethylcyclododecanone (7 mg, 2%).
2,12-Dimethylcyclododecanone. To 10.0 mmol of lithium di-
methylcuprate at —78° was added through a side arm 680 mg
(2.0 mmol) of solid cis-2,12-dibromocyclododecanone. After 30
min 3.6 ml (50 mmol) of neat methyl iodide was added and the
reaction allowed to stir at ambient temperature overnight. Normal
work-up was followed by solvent removal leaving 420 mg of a yellow
oil. Analytical glpc (column C, 180°) indicated three products:
A, 6 min; B,7 min, C, 8 min. A was identified as 2-methylcyclo-
dodecanone by comparing its retention time with that of authentic
material. Preparative glpc (column H, 215°) was used to isolate
B (30 min) and C (34 min). B is 2,12-dimethylcyclododecanone
(285 mg, 68 %) recrystallized from absolute methanol: mp 43-44°;
nmr (CCly) 6 2.72 (broad m, 2 H), 1.31 (m, 18 H), 1.00 (d, J = 7
Hz, 6 H); ir (CCly) 1710 cm~! (C=0); mass spectrum (70 eV) m/e
210. C is 2,12-dimethylcyclododecanone (122 mg, /29%): nmr
(CCly) 6 2.72 (broad m, 2 H), 1.33 (m), 1.04 (d, / = 7 Hz, 6 H);
ir (CCly) 1700 cm~! (C=0); mass spectrum (70 eV) m/e 210. The
isomeric nature of A and B was confirmed by combining them for

microanalysis. They are apparently cis- and rrans-2,12-dimethyl-
cyclododecanone.
Anal. Caled for CiH:O: C, 79.93; H, 12.46. Found: C,

80.05; H, 12.37.

2-Deuterio-12-methylcyclododecanone. To 5.0 mmol of lithium
dimethylcuprate at —78° was added via a side arm 240 mg (5.0
mmol) of solid 2,12-dibromocyclododecanone. After 15 min a
109 deuterium oxide (25.0 mmol) solution in tetrahydrofuran was
added followed by normal work-up and solvent removal under re-
duced pressure leaving 178 mg of a green oil. Comparison with
an nmr (CCly) of 2-methylcyclododecanone indicated that this
product was predominantly 2-deuterio-12-methylcyclododecanone
because of the decrease in size of the § 2.5 multiplet relative to the
rest of the absorption and the continued presence of a methyl
doublet at 6 1.02. The mass spectrum (70 eV) confirms this analysis
indicating a 959, d peak.

2-Methylcyclooctanone. A, Using Lithium Dimethylcuprate.
To 10.0 mmol of lithium dimethylcuprate at —78° was added via
a side arm 284 mg (1.0 mmol) of solid 2,8-dibromocyclooctanone.
After 5 min, the reaction was allowed to warm to ambient tempera-
ture for 90 min before adding 1 ml of absolute methanol. Normal
work-up and solvent removal under reduced pressure left 123 mg of
a yellow oil. Analytical glpc (column C, 180°) indicated four
products: A, 1.5 min; B, 1.6 min; C, 2.3 min; D, 3.3 min. A
was identified as cyclooctanone (ca. 3 mg, 2%) by comparing its
retention time to authentic material. B is 2-methylcyclooctanone
(111 mg, 80%) isolated by preparative glpc (column H, 190°):
n*p 1.4670 (lit.¥ n2p 1.4654-1.4657); nmr (CCly) 8 2.33 (m, 3 H),
1.52(m, 10 H), 0.95 (d,J = 6 Hz, 3 H); ir (CCl,) 1705 cm~!(C=0);
mass spectrum (70 eV) mje 140. C (ca. 2%, of mixture) was un-
identified. D was identified as 2-bromocyclooctanone (ca. 3 mg
29%) by comparing its retention time with that of authentic material.

B. Using Methylmagnesium Iodide. To 107 mg (4.0 mmol) of
magnesium turnings in 6 ml of diethyl ether was added 0.25 ml (4.0
mmol) of neat methyl iodide. After the reaction was initiated 10
ml more of diethyl ether was added and in ca. 15 min 568 mg (2.0
mmol) of solid 2,8-dibromocyclooctanone was added sia a side arm.
After 30 min at ambient temperature the reaction was poured into
brine and extracted with ether, the combined organic layers were
dried (MgS0O,), and solvent was removed under reduced pressure
leaving 210 mg of a yellow oil. Analytical glpc (column C, 180°)
indicated two major peaks: A, 2 min; B, 3.5 min. Both were
identified by comparing retention times with those of authentic
material and corroborated by nmr (CCly) of the mixture. A is
2-methylcyclooctanone (178 mg, 65%) and B is 2-bromocyclo-
octanone (32 mg, 8%).

4-Methyl-5-nonanone, To 5.0 mmol of lithium dimethylcuprate
at —78° was added 600 mg (2.0 mmol) of 4,6-dibromononanone in
10 ml of diethyl ether. After 30 min, 2 ml of absolute methanol
was added followed by normal work-up and solvent removal under
reduced pressure leaving 315 mg of a yellow oil. Analytical glpc

(80) A. Copeand G. Woo, J. Amer. Chem. Soc., 85, 3601 (1963).
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(column A, 135°, cyclooctanone internal standard) indicates one
major product: 4-methyl-5-nonanone (109 mg, 70 %) which was
isolated via preparative glpc (column F, 160°):  bp 192° (760 mm)
(lit.st 189-190° (745 mm)); nmr (CCL) § 2.4 (m, 3 H), 0.9-1.8
(m, 10 H), 0.9 (d, 3 H); ir (CCly) 1715 cm~! (C=0); mass spec-
trum (70 eV) m/e 156.

2,2.4-Trimethyl-3-pentanone. A. Using Lithium Dimethyl-
cuprate. Having taken the usual precautions for the exclusion of
moisture, a flask was charged with 12.8 ml of 1.58 M (20 mmol)
methyllithium. The ether was then evaporated off at aspirator
pressure (with a calcium chloride trap) at 0° and replaced by 50 ml
of pentane tollowed by 1.92 g (10.1 mmol) of cuprous iodide added
tia aside arm. The reaction was cooled at —50° and 544 mg (2.0
mmol) of 2,4-dibromo-2,4-dimethyl-3-pentanone with 125 mg of
chlorobenzene internal glpc standard was added in 15 ml of pen-
tane over 20 min. After 30 min of further stirring, 1 ml of absolute
methanol was added followed by normal work-up. Analytical
glpc (column B, 100°) indicated 11 peaks between 3 and 12 min of
which none accounted for more than 159 of the mixture except
that one at 6 min.  This corresponds to 2,2,4-trimethyl-3-pentanone
(138 mg, 54%) which was isolated by preparative glpc (column E,
110°, 33 min): by 137° (760 mm) (lit.82 bp 135° (760 mm));
n®p 1.4054; nmr (CCLy) 8 3.00(q, J = 6 Hz, 1 H), 1.12 (s, 9 H):
1.00 (d, J = 6 Hz, 6 H); ir (CCly) 1705 cm~! (C=0); mass
spectrum (70 eV) m/e 128,

B. Using Methylmagnesium lodide. To 107 mg (4.0 mmol) of
magnesium turnings in 6 ml of diethyl ether was added 0.25 ml
(4.0 mmol) of neat methyl iodide. After the reaction was initiated
10 ml more of diethyl ether was added and in ca. 15 min 544 mg
(2.0 mmol) of 2,4-dibromo-2,4-dimethyl-3-pentanone in 1 ml of
ether. After 30 min at ambient temperature the reaction was
poured into brine and extracted with ether and the combined
organic layers were dried (MgSQO,). Analytical glpc (column B,
100°, 2-heptanone internal standard) indicated that the product
was almost entirely 2,2,4-trimethyl-3-pentanone (180 mg, 70%)
by comparing its retention time with that of authentic material.

2-Methylcyclohexanone. A. From trans-2,6-Dibromocyclohex-
anone. To 10.0 mmol of lithium dimethylcuprate at —78° was
added 512 mg (2.0 mmol) of trans-2,6-dibromocyclohexanone in 1
ml of ether. After 30 min 1 ml of absolute methanol was added
followed by normal work-up and solvent removal under reduced
pressure leaving 222 mg of a yellow oil. Analytical glpc (column
C, 100°, cymene internal standard) indicated this oil to be almost
entirely 2-methylcyclohexanone (220 mg, 989, 4 min), with a small
amount of cyclohexanone (<1%), by comparing retention times
with authentic material. Nmr and ir were also fully consistent
with those of an authentic sample of 2-methylcyclohexanone.

B. From cis-2,6-Dibromocyclohexanone. The above procedure
was exactly repeated for cis-2,6-dibromocyclohexanone, except
that the reaction was allowed to warm to ambient temperature over
30 min before adding 1 ml of methanol. In this case analytical
glpc (column C, 100°, cycloheptanone internal standard) indicated
2-methylcyclohexanone as the major product (212 mg, 95%) and
cyclohexanone as the only observable side product (ca. 1%).

1,3-Diphenyl-2-butanone. To 5.0 mmol of lithium dimethyl-
cuprate at —78° was added via a side arm 368 mg (1.0 mmol) of
solid 1,3-dibromo-1,3-diphenyl-2-propancne. After 30 min 1 ml
of absolute methanol was added followed by normal work-up and
solvent removal under reduced pressure leaving 219 mg of a yellow
oil containing some solid material which showed only one peak on
analytical glpc (column C, 180°, 5 min). The solid was removed by
filtration and recrystallized twice from a methanol—chloroform-
ether solution to give ca. 10 mg of fine white powder which is
1,3,4,6-tetraphenyl-2,5-hexanedione: mp 199-201° (lit.8% mp
202-203°); nmr (CCly) 6 7.28 (m, 20 H), 4.69 (s, 2 H), 3.40 (s,
4 H); ir (CCly 1710 cm~! (C=0); mass spectrum (70 eV) mje
(no parent) 209, 119, 91. The remaining oil was distilled at a bath
temperature of ca. 120° (0.2 mm) to give 1,3-diphenyl-2-butanone
(150 mg, 67%) as a clear colorless oil: »2p 1.5621 (lit.8¢ »n*D
1.5652); nmr (CCly) 6 7.25 (m, 10 H), 3.75 (g, / = 7 Hz, 1 H),
3.52(s,2 H), 1.30(d, J = 7 Hz, 3 H); ir (CCly) 1710 cm™! (C=0).

2a,43-Diphenyl-8-oxabicyclo[3.2.1]octen-3-one. To 60.0 mmol of
lithium dimethylcuprate in 170 ml of furan at —78° was added via
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Quim., Ser. B, 62,359 (1966); Chem. Abstr., 65, 19985b (1966).
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a side arm 5.5 g (15.0 mmol) of dry 1,3-dibromo-1,3-diphenyl-2-
propanone. After 15 min methanol was added, followed by normal
work-up and solvent removal leaving 2.5 g of a yellow semisolid
oil. This material was column chromatographed on ca. 150 g
of alumina as follows: 50:50 ligroin-benzene eluted with 1,3-di-
phenyl-2-butanone; 9:1 benzene-ligroin eluted 2«,48-diphenyl-8-
oxabicyclo[3.2.1]octen-3-one which was recrystallized from ether
and ether-CHCI; to give white crystals: mp 150-151° (lit.#4 mp
152-153°); nmr (CDCl;) 6 7.2 (m, 10 H), 6.51 (s, 2H), 5.32(d,J =
1 Hz, 1 H),502(dofd,J = 1and 4 Hz, 1 H), 4.18 (d, J = 4 Hg,
1 H), 3.60 (s, 1 H); ir (Nujol) 1710 (C=0), 1695 cm™!; uv (EtOH)
A (max) 260 (e 515) and 298 nm (e 320); mass spectrum (70 eV) m/e
276. These spectral data are fully consistent with those reported in
the literature.ss

Examination of the nmr spectrum (CDCl;) of the original crude
material revealed additional absorptions at § 6.3 (s), 4.90 (d, J =
4.5 Hz) and 4.05 (d, J/ = 4.5 Hz) which correspond to peaks from
2a,4a-diphenyl-8-oxabicyclo[3.2.1]octen-3-one according to the
literature.® Based on the nmr spectrum of the crude material,
the combined yield of both Diels-Alder adducts is ca. 20%;.

2a,4a-Diphenyl-8-oxabicyclo[3.2.1]octen-3-one. To 107 mg (4.0
mmol) of magnesium turnings in 6 ml of furan was added 0.25 ml
(4.0 mmol) of neat methyl iodide. After the reaction was initiated
10 ml more of furan was added and in ca. 15 min solid 1,3-dibromo-
1,3-diphenyl-2-propanone (736 mg, 2.0 mmcl) was added via a side
arm. After 30 min at ambient temperature the reaction was
poured into brine and extracted with ether, the combined organic
layers were dried (MgSQ.), and solvent was removed under reduced
pressure leaving 455 mg of an orange oil. This material was
column chromatographed on 50 g of silica as follows: 50:50
hexane-benzene eluted 1,3-diphenyl-2-butanone; benzene eluted
2a,4a-diphenyl-8-oxabicyclo[3.2.1]octen-3-one as an orange oil (50
mg) which was recrystallized twice from cold diethyl ether to give
a few milligrams of white crystals: mp 126-127° (lit.8 mp 134~
135°); nmr (CDCly) 6 7.2 (m, 10 H), 6,35 (s, 2 H), 490 (d, J =
4,5 Hz, 2 H), 4.05 (d, J = 4.5 Hz, 2 H); ir (Nujol) 1705 cm™!
(C=0); mass spectrum (70 eV) m/e 276, These spectral data were
consistent with those in the literature.8®

Examination of the nmr spectrum of the original crude material
reveals no absorption at § 5.32, 5.02, 4.18, or 3.60, indicating no
2a,4B3-diphenyl-8-oxabicyclo[3.2.1]Jocten-3-one; thus, the trans
Diels-Alder adduct isolated in the analogous lithium dimethyl-
cuprate reaction was not formed during this reaction. The yield
of the cis Diels—Alder adduct was ca. 25%.

2,2-Dimethyldecane. Into a cold (—78°) suspension of 2.00
mmol of lithium phenylthio(rert-butyl)cuprate at —78° was in-
jected a solution of 240 mg (1.00 mmol) of n#-octyl iodide in 1.0 ml
of tetrahydrofuran. After 2 hr at —78°, the reaction was warmed
slowly over 1 hr to 0°. Excess organometallic was quenched by
addition of 1.0 ml (25 mmol) of absolute methanol, and normal
work-up including sodium hydroxide washing of the combined
ether extracts gave a yellow oil. Analytical glpc (column C,
115°, p-cymene as internal standard) indicated one product (5.8
min) which was 2,2-dimethyldecane (167 mg, 98%). An analyti-
cally pure sample was obtained by preparative glpc (column F,
200°, 7.5 min): #'*D 1.4195 (lit.3¢ n'*p 1.4192); ir (CCly) 2978,
2963, 2928, 1458, 1362 cm™!; nmr (CCly) 6 1.05-1.40 (broad m,
14 H), 0.90 (s over t, 12 H).

3-n-Butylcyclohexanone, To a suspension of 495 mg (2.60
mmol) of cuprous iodide in 4.6 ml of tetrahydrofuran at 25° was
added 2.36 ml of 1.10 M (2.60 mmol) lithium rerr-butoxide in
1:1 tetrahydrofuran-hexane. After 15 min all solid, gray cuprous
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iodide had disappeared, the suspension was cooled to —78°, and
1.40 ml of 1.81 M (2.54 mmol) n-butyllithium in hexane was added
dropwise followed in 15 min by a solution of 198 mg (2.06 mmol) of
2-cyclohexen-1-one in 2.0 ml of tetrahydrofuran. The reaction was
then maintained at —50° for 2 hr, quenched with 1.0 ml (25 mmol)
of absolute methanol, and poured into 50 ml of saturated, aqueous
ammonium chloride. The aqueous phase was extracted with three
50 ml portions of ether, and the combined ether phases were
washed with 1% sodium thiosulfate and dried with magnesium
sulfate. Removal of the solvent in vacuo left 339 mg (106 %) of a
yellow oil which was microdistilled to afford 269 mg (84 %) of
pure 3-n-butylcyclohexanone: 72D 1.4563 (lit.8" n®p 1.4555); ir
(CCL) 1715 cm™! (C=0); nmr § 1.6-2.5 (m), 1.33 (broad s),
0.90 ().

3-tert-Butylcyclohexanone. To a stirred suspension of 952 mg
(5.00 mmol) of cuprous iodide in 11.0 ml of tetrahydrofuran was
added at 25° 4,70 ml of 1.06 M (4.98 mmol) lithium thiophenoxide
in 1:1 tetrahydrofuran-hexane. A clear, yellow solution formed
within 5 min but became a cloudy, heterogeneous mixture upon
cooling. Into the cold (—78°) suspension was injected dropwise
2.35 ml of 2.12 M (4.98 mmol) rert-butyllithium in pentane followed
after 5 min by 189 mg (1.97 mmol) of 2-cyclohexen-1-one dissolved
in 2.0 ml of tetrahydrofuran. The reaction mixture was warmed
to 0° and, after 2 hr, was poured into 50 ml of rapidly stirred,
saturated, aqueous ammonium chloride. The yellow precipitate
thus formed was removed by suction filtration, and the agueous
phase was extracted with three 50-ml portions of ether. The ether
phases were combined, washed with 1 N sodium hydroxide and
dried with magnesium sulfate, and solvent was removed in vacuo
to leave 322 mg (104 %) of a yellow oil, Analytical glpc (column
A, 150°, 3-p-butylcyclohexanone as internal standard) indicated
one major product (10.8 min) which was 3-rerr-butylcyclohexanone
(260 mg, 86%). Microdistillation afforded 220 mg (72%) of the
pure ketone: 7D 1.4612 (lit.®8 #?"p 1.4611); ir (CCly) 1715 cm™!
(C=0); nmr (CCly) § 1.1-2.4 (broad m, 9 H), 0.92 (s, 9 H).

3-Vinylcyclopentanone. To a cold (—78°) suspension of 21
mmol of lithium phenylthio(vinyl)cuprate$® was added a cold
(~78°) solution of 1.64 g (20.0 mmol) of 2-cyclopenten-1-one in
5.0 ml of tetrahydrofuran. After 20 min the reaction was quenched
with 5.0 ml (125 mmol) of absolute methanol and worked up by the
usual procedure including both a 1 N sodium hydroxide and a 1%
sodium thiosulfate wash. Analytical glpc (column D, 130°,
cymene as internal standard) indicated one volatile product (8.5
min) which was 3-vinylcyclopentanone (725 mg, 33%). The crude
product was distilled under vacuum to afford 682 mg (31%;) of
colorless liquid (bp 80-90° (34 mm), 90-95 % pure by glpc). Sub-
stantial amounts of high boiling residue, principally tetra-n-butyltin
from the vinyllithium, remained in the distilling flask. A pure
sample was obtained by preparative glpc (column H, 180°, 15 min):
ir (CCly) 3080, 1748 (C=0), 1642 (C=C). 912 cm™!; nmr (CCly)
§ 5.86 (m, 1 H), 5.12 (m, 1 H), 4.95 (m, 1 H), 2.5-3.1 (m, 7 H);
mass spectrum (70 eV) m/e 110 (molecular ion), 95, 82, 81, 68, 67,
54, 53, 39.

Anal. Caled for CGH,(O: C, 76.33; H, 9.15. Found: C,
76.55; H, Y.26.
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