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The reactions of several aryl alkyl ketones 12-15,22-24, and 40-42 with MezCuLi have been studied. Each of 
these ketones has a sufficiently positive reduction potential so that reduction by MezCuLi to form an anion radical 
is energetically feasible. The major products formed from those ketones whose anion radicals are relatively stable 
were the 1,2-addition products. This 1,2-addition reaction was significantly slower than the conjugate addition of 
MezCuLi to a$-unsaturated ketones. The aryl alkyl ketones 41 and 42, whose anion radicals are relatively unstable, 
reacted rapidly with MezCuLi to form the product of reductive elimination rather than 1,2 addition. 

Previous study2 of the reaction of MezCuLi with carbonyl 
compounds revealed that a$-unsaturated carbonyl com- 
pounds having reduction potentials within the range -1.4 to  
-2.35 V (vs. SCE in an aprotic solvent) could be expected to 
react by way of an initial electron-transfer step to form 
products derived from the net conjugate addition of a methyl 
anion to the unsaturated carbonyl compound. Substrates with 
less negative reduction potentials (more easily reduced) 
yielded reduction rather than addition products while sub- 
strates with more negative reduction potentials (more diffi- 
culty reduced) either failed to react with MezCuLi or reacted, 
with liberation of CH4, to  form the metal enolate of the 
starting unsaturated ketone. Saturated ketones (which have 
reduction potentials more negative than -2.9 V) reaeted with 
MezCuLi either with evolution of CH4 to form the metal en- 
olates of the ketones or by a very slow process leading to 1,2 
addition.2c 

Since aryl alkyl ketones typically have reduction potentials 
in the range -1.8 to -2.2 V (vs. SCE in an aprotic solvent),3 
these compounds appeared to be substrates that  might react 
with MezCuLi by a process that involved an initial electron 
transfer step. To learn what types of products might result, 
we have studied the reaction of MezCuLi with three types of 
aryl alkyl ketone systems 1-3 (Scheme I). Reaction of ketones 
of type 1 (e.g., 4) by an electron-transfer process would yield 
anion radicals 5 in which spin density would be distributed 
between the carbonyl carbon atom (5a) and various positions 
of the aromatic ring (e.g., 5b).4 Thus, further reaction of such 
an intermediate could introduce a methyl substituent either 
a t  the carbonyl carbon atom or at one of the positions in the 
aromatic ring.5 

Reaction of MezCuLi with an aryl cyclopropyl ketone 2 
offered the possibility that  an intermediate anion radical 6 
might rearrange to the structurally isomeric ion radical 7 prior 
to further reaction. Provided that this rearrangement occurred 
within a time period of s or less,2bs6 rearranged addition 
products derived from ion radical 7 might be expected. 
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Compounds of the type 3, where X is a group that can be lost 
as a relatively stable anion, offered the possibility that an 
intermediate anion radical might eliminate an anion X- 
provided that this elimination would occur within time periods 
of the order of 10-3 s or less. The elimination of X- would yield 
an easily reduced radical 9 that  would be expected to react 
with additional MezCuLi to  form the enolate 10 and finally 
the reduction product 11.2,7 

Ketones 12-15 (Scheme 11) were studied as examples of aryl 
alkyl ketones of type 1. Acetophenone (12) reacted relatively 
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Scheme I1 
R-CO-Ar 

12, R = CH,; Ar = Ph (E% = -2.05 V) 
13, R = t -Bu;  Ar = Ph ( E %  = -2.14 V) 
14, R = t-Bu; Ar = /%naphthyl (E% = -1.96 V )  
15, R = t-Bu; Ar = &naphthyl ( E 5  = -2.03 V )  

Me,CuLi H,O - R-C-Ar +recovered R--COAr 
I Et20, 5-25°C 

HO 
16, R = CH,; Ar = Ph (8-9% yield) 
17, R = t-Bu; Ar = Ph (72% yield) 
18, R = t -Bu;  Ar = P-naphthyl (71% yield) 
19, R = t-Bu; Ar = &naphthyl (68% yield) 

H 
20 n 

rapidly with MezCuLi with evolution of gas and precipitation 
of (MeCu),. The predominant reaction was formation of the 
enolate of ketone 12; the 1,2 adduct 16 was obtained in only 
8-9% yield after reaction periods of either 11 min or 3.5 h with 
excess MezCuLi.8 This major side reaction leading to enolate 
formation is also observedzc in reaction of MezCuLi with ali- 
phatic methyl ketones and n-alkyl ketones. To avoid this side 
reaction, the nonenolizable ketones 13-15 were used for fur- 
ther study. Each compound underwent a relatively slow re- 
action with MezCuLi to form the 1,2 adducts 17-19. Minor 
components detected in these reaction mixtures were the 
unchanged ketones 13-15 and/or olefinic products derived 
from dehydration of the alcohols 17-19. Examination of these 
minor compounds by mass spectrometry gave no indication 
that ring-methylated products, such as 20 or 21 from ketone 
13, were present. Consequently, we conclude that if anion 
radicals of the type 5 are intermediates in these reactions, 
recombination with the cluster [Me4CuzLi2].+ occurs only a t  
the carbonyl carbon atom (structure 5a) that appears to be 
the site of highest spin density in these intermediates. It 
should be noted that each of the ketones 12-15 has a reduction 
potential (see Scheme I1 and Table I) within the range (less 
negative than -2.2 V) where electron transfer from MezCuLi 
is feasible. Furthermore, the anion radicals formed from these 
ketones 12-15 are relatively stable with half-lives greater than 
0.1 s (see Table I). 

We next examined the reactions of MezCuLi with ketones 
22-24 (Scheme 111) as representative aryl cyclopropyl ketones 
2. In each case these ketones 22-24 underwent a relatively slow 
reaction with MezCuLi to form mainly the 1,2 adducts 25-27. 
However, small amounts of ring-opened by-products 28-30 
were also formed. The structures of each of these by-products 
28-30 were established by comparison with authentic samples, 
samples of ketones 29 and 30 being obtained by CuC1-cata- 
lyzed conjugate addition of EtMgBr to the enones 31 and 32. 
The reduction potentials (Scheme I11 and Table I) of each of 
the ketones 22-24 lie in the range -1.8 to -2.1 V. The anion 
radicals 6 formed from ketones 22 and 23 are relatively stable 
with half-lives of 4-5 s (Table I) but the half-life of the anion 
radical from ketone 24 is much less 

Several facts indicate that the minor ring opened products 
28-30 are not derived from a n  anion radical intermediate  6 
by rearrangement 6 -+ 7 followed by recombination of 7 with 
[Me4CuzLiz].+. Thus, the greatest amount of ring-opened 
product 28 is obtained from ketone 22 whose anion radical 
rearranges (6 -. 7) very slowly and in which the rearranged 
radical ion 7 (R = R' = H) has no stabilizing substituents. Not 
only do stabilizing substituents (as in ketones 23 and 24) di- 

s ) . ~  

Scheme I11 

22, R, = R, = H (Ex = -2.07 V)  
23, R, = R, = CH, (E% = -2.09 V) 
24, R, = H; R, = Ph (E% = -1.82 V) 

CH, 
Me,CuLi H,O I 

PhC -------t+ 

I \ C - d R 1  
Et,O, 5-21 "C 

H CH:! 
25, R, = R, = H (57% yield) 
26, R, = R, = CH, (75% yield) 
27, R, = H; R, = Ph (81% yield) 

R, 
I + PhCOCH2CCH2CH, 
1 
R, 

28, R, = R, = H (3.5% yield) 
29, R, = R, = CH, (0.6% yield) 
.30, R, = H; R, = Ph (0.9% yield) 
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36, R = CN (E% 
37, R = C0,Et (E% = -2.98 V )  

-2.93 V) 
38 (E% = -2.81 V )  

F C O C H 3  

39 (E% = -2.87 V) 

minish the yields of ring-opened products, but the products 
29 and 30 obtained are derived from addition of a methyl 
group to the cyclopropane carbon atom with no stabilizing 
substituents. All of these observations are better explained 
by a relatively slow direct nucleophilic attack of the cuprate 
a t  the least substituted cyclopropane carbon atom as illus- 
trated in structures 33 -c 34 -. 35. This process is, of course, 
analogous to the nucleophilic displacement believed operative 
in the reaction of cuprates with alkyl halides or epoxides.2dJ0 
This type of nucleophilic displacement readily accounts for 
the slow ring opening observed when various cyclopropyl es- 
ters (e.g., 36 and 37) react with Me2CuLi.l' Although the re- 
duction potentials of these esters 36 and 37 are clearly too 
negative for an electron-transfer process to be probable, the 
fact that aliphatic nitriles and esters fail to react with 
MezCuLi2CJle would clearly allow time for a slow nucleophilic 
ring opening process analogous to 33 -. 34 -. 35. Although 
aliphatic cyclopropyl ketones such as 38 and 39 have less 
negative reduction potentials than the esters 36 and 37, each 
of the ketones 3811b and 395b failed to undergo any opening 
with MezCuLi and the ketones were recovered. Since both of 
these ketones have relatively acidic cu-CHz groups, we suspect 
that the failure to observe a slow ring opening in these cases 
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is attributable to the rapid conversion of each ketone to its 
enolate by the cuprate reagent.12 

The last type of aryl alkyl ketones to be examined were the 
a-substituted ketones 40-42 (Scheme IV). Although the ac- 

Scheme IV 
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40, X = OCH, (E,, ,  = -2.03 V) 
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etoxy ketone 41 was readily prepared by reaction of the bromo 
ketone 42 with KOAc (presumably via the unstable epoxide 
43), the analogous reaction of the bromo ketone 42 with 
NaOMe yielded not the reported13 methoxy ketone 40 but 
rather the epoxy ether 44. Acid-catalyzed hydrolysis of the 
epoxy ether 44 yielded the keto1 45 and acid-catalyzed rear- 
rangement of 44 yielded the methoxy ketone 46. Silver nitrate 
catalyzed solvolysis of the bromo ketone 42 in MeOH pro- 
duced a mixture of the desired methoxy ketone 40 (ca. 10% of 
the mixture) and the rearranged ester 47 (ca. 90% of the 
mixture). In view of these problems, we finally synthesized the 
methoxy ketone 40 by reaction of the methoxy acid 48 with 
excess PhLi. Although the reduction potentials (Scheme IV 
and Table I) of ketones 40 and 41 were similar, the half-life 
(see Table I) of the ketyl8 derived from the methoxy ketone 
40 (tllz 0.7 s) was distinctly longer than the half-life (< lo+ 
s) for the ketyl8 from the acetoxy ketone 41. The instability 
of the bromo ketone 42 in our solvent-electrolyte system 
prevented us from obtaining satisfactory electrochemical data 
for this compound. 

Although the methoxy ketone 40 reacted with MezCuLi to 
form the 1,2 adduct 50 accompanied by only traces of the re- 
duction product 49, the analogous reaction with the acetoxy 
ketone 41 yielded primarily the reduced ketone 49. This dif- 
fering behavior of ketones 40 and 41 with MezCuLi is analo- 
gous to the differing behavior7c of a 4-alkoxy-2-cyclohexen- 
1-one (conjugate addition) and a 4-acetoxy-2-cyclohexen- 
1-one (reductive elimination) with MezCuLi. In both cases, 
reductive elimination, presumably by the sequence 8 - 9 - 
10 - 11, is observed only if a reasonably good leaving group 
X is present so that the initial elimination 8 -+ 9 can occur 
within the lifetime (ca. s)zb,d,s of the anion radical in a 
cuprate reaction. Thus, the different reactions of ketones 40 
and 41 seem to be determined not by a mechanistic difference 

in the first step of the reaction but rather by the relative sta- 
bilities of the initially formed radical ions 8. 

As might be expected, the bromo ketone 42 with an even 
better leaving group as a substituent reacted with MezCuLi 
to form mainly the reduction product 49 accompanied by a 
minor amount of the ketone 13 in which substitution of a 
methyl group for bromine has occurred. The formation of both 
reduction and substitution products upon reaction of a-bromo 
ketones with cuprates has been observed in a number of 
cases.14 The substitution products (such as 13 from 42) are 
presumably formed14c by reaction of the enolate 10 with CH3X 
(X = I or Br), this methyl halide being formed in the reaction 
mixture7* from reaction of the halide ion present (I- or Br-) 
with an oxidized, derivative of the cuprate such as 
[Me4CuzLiz].+ or [Me&uzLi~]~+. 

Finally, to obtain estimates of the relative rates at  which 
MenCuLi reacts with typical enones and with aryl alkyl ke- 
tones, we performed the competition experiments summarized 
in Scheme V. In a competition between an enone 51 and an 

Scheme V. Competition Experiments in Which the Ketone 
Reactants Are Present in Excess 

P h - C O 4  + (CH,),C=CHCOCH, 

22 (Eredn =-2.07 v)  51 (Eredn =-2.21 v)  
Me,CuLi H-0 

+ --+ 22 (100% recovery) 
Et,O, -60 to 3 C 

+ 51 (49% recovery) + (CH,),CCH,COCH, 
53 (21% yield) 

PhCOC(CH,),OAc + (CH,),C=CHCOPh 
41 (Eredn =-1.80 v) 31 (Eredn =-1.86 v) 

Me,CuLi H,O 
+ - 41 (67% recovery) 

Et,O, -60 to 3 OC 

+ PhCOC(CH,),OH + PhCOCH(CH,),  + 31 (77% recovery) 
49 (14% yield) 

+ (CH,),CCH,COPh 
45 (8% yield) 

52 (3% yield) 
(CH,),C=CHCOCH, + (CH,),C=CHCOPh 
51 (Er,dn =-2.21 v)  31 ( E r e d n = - 1 . 8 6 V )  

Me,CuLi H,O 
+ - 31 (35-36% recovery) 

Et,O, -60 t o  2 5  OC 

+ (CH,),CCH,COPh + 51 (40-49% recovery) 
52 (11-13% yield) 

+ (CH, ),CCH,COCH, 
53 (7-10% yield) 

aryl alkyl ketone 22 that reacts to give a 1,2 adduct, addition 
of MezCuLi to the enone was clearly more rapid. The same 
conclusion has been derived from a related studyl5 of a com- 
petitive reaction of MezCuLi with a mixture of the enone 31 
and PhCOPh (Ere& = -1.80 V, reacts with MezCuLi to give 
mainly a 1,2 adduct). In a competition reaction involving an 
enone 31 and an aryl alkyl ketone 41 whose anion radical 
undergoes a rapid secondary reaction, the overall rates of the 
two processes were similar with the reaction involving re- 
ductive elimination (41 -+ 49) being slightly more rapid. In 
each of the foregoing rate comparisons, ketones having com- 
parable Ere&, values were compared. In conjugate additions 
of MezCuLi to enones the relative reaction rates appear not 
to be directly related to Eredn values. Thus, the relative rates 
of conjugate addition of MezCuLi to the two enones 31 and 
51 were similar although the Eredn values differ by 0.35 V. 
Although experimental difficulties in this competition ex- 
periment (see Experimental Section) created some ambiguity 
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Scheme VI 
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in our results, the reaction of MezCuLi with the more easily 
reduced enone 31 does appear to be slightly faster than the 
reaction with enone 51. 

From these studies we conclude that if the radical anion 5 
(Scheme VI) derived from an aryl alkyl ketone 4 can undergo 
a further intramolecular reaction within a time period of 
s or less, reaction of this ketone 4 with MezCuLi is likely to 
form a reduced or a rearranged product in a reaction that is 
comparable in rate to the conjugate addition of Me2CuLi to 
an enone. However, if the anion radical 5 does not undergo a 
rapid intramolecular reaction, reaction of the ketone 4 with 
MezCuLi will yield a 1,2 adduct via a reaction path that is 
significantly slower than conjugate addition of MeaCuLi to 
an enone. There appear to be a t  least two reaction pathways 
(Scheme VI) that can lead to the 1,2 adduct 57. One pathway 
is a direct nucleophilic addition of the cuprate cluster 54 to 
the ketone to form an intermediate 56 that can rearrange to 
form the 1,2 adduct 57. This process, which is analogous to the 
mechanism believed operativelo in the relatively slow reaction 
of cuprates with alkyl halides, seems most probable for the 
slow 1,2 addition of cuprates to difficulty reduced (&e&, more 
negative than -2.8 V) saturated ketones. With the more easily 
reduced aryl alkyl ketones, a second process involving initial 
electron transfer to form intermediates 5 and 55 followed by 
recombination to form the intermediate 56 is a reasonable 
alternative. Although we are inclined to favor this second 
pathway (4 -. 5 -. 56 -. 57), it  should be noted that the re- 
combination step (5 + 55 -. 56) must be slow to be consistent 
with the relative reaction rates observed. This slow recombi- 
nation rate could be attributed to the fact that a relatively 
small amount of the total spin density in the ketyl5 is cen- 
tered at  the carbonyl carbon atomU4 By contrast, a significantly 
larger fraction of the total spin density in ketyls derived from 
cu,&unsaturated ketones is centered a t  the P-carbon atom.2 
Also, in species such as 7 and 9 derived from rearrangement 
of or elimination of an anion from a radical anion, the bulk of 
the spin density will be located at  a single carbon atom. To 
decide if this conjecture has merit, we clearly need more in- 
formation about the relationship between spin densities in ion 
radical intermediates and their rates of recombination. 

Experimental SectionI6 
Preparat ion o r  Purification of t h e  S ta r t ing  Materials. All 

anhydrous ethereal solvents were freshly distilled from LiAlH4, 
commercial Et20 solutions of MeLi (halide free, Foote Mineral Co.) 
were standardized by a double titration procedure,17 and the colorless, 
crystalline complex, MezSCuBr, was prepared from commercial CuBr 
(Fisher Scientific) as previously described.2c Commercial samples of 
ketones 12,22, and 39 were purified by distillation and the ketone 13 
was obtained from PhCOCl by a literature procedure.I8 This same 
procedure18 was used with P-CloH7COCI and with a-CloH,COCl to  

56 57 

1 
Ph 
I 

Me+-O-Li+ i- MeCu + %Me,Cu,Li, 
1 
R 

obtain ketones 14 and 15. The ketone 15 was obtained in 72% yield 
as colorless needles from hexane: mp 74-75 "C [recrystallization raised 
the mp to 76-77 "C (lit.19 mp 73-74 "C)]; ir (CC14) 1688 cm-l (C=O); 
uv max (95% EtOH) 220 nm (c 65 000) and 282 (5600) with shoulders 
a t  271 (5100) and 293 (5100); NMR (cc4) 6 7.1-7.9 (7 H, m, aryl CH) 
and 1.23 (9 H, s, t-Bu);  mass spectrum mle (re1 intensity) 212 (M+, 
141,155 (loo), 127 (36), 77 (4), and 57 (4). 

The ketone 14 was obtained in 88% yield as a pale yellow liquid, bp 
134-136 "C (0.8 mm) [lit.19 bp 184-186 "C (16 mm)], that  solidified 
on cooling, mp 55-59 "C. Recrystallization from hexane afforded the 
pure ketone 14 as colorless prisms: mp 59-60 "C (lit.20 mp 66 "C); ir 
(CC14) 1675 cm-' (C=O); uv max (95% EtOH) 213 nm (c 29 700), 222 
(26 700), 242 (33 6001, 248 (32 5001, and 283 (6910); NMR (cc14) 6 
7.3-8.3 (7 H, m, aryl CH) and 1.40 (9 H, s, t-Bu); mass spectrum mle 
(re1 intensity) 212 (M+, 17), 156 (13), 155 (loo), 128 (5), 127 (32), 126 
(4), 97 (3),57 (31, and 41 ( 5 ) .  

Anal. Calcd for CljHlsO: C, 84.87; H ,  7.60. Found: C, 84.84; H, 
7.62. 

Ketones 38 and 24 were prepared by previously described proce- 
dures.21 The bicyclic ketone 38 was obtained in 51% yield as a colorless 
liquid: bp 96 "C (18 mm); nZ5D 1.4898 [lit.22 bp 90 "C (15 mm)]; ir 
(CC14) 1691 cm-I (C=O);23 NMR (CC14) 6 0.8-1.4 (2 H, m, cyclopropyl 
CH2) and 1.5-2.5 (8 H, m, aliphatic CH); mass spectrum mle (re1 in- 
tensity) 110 (M+, 73), 82 (48), 81 (55), 68 (53), 67 (58),55 (66),54 (loo), 
53 (33), 41 (34), and 39 (68). The ketone 24 was obtained in 54% yield 
as colorless needles from hexane: mp 43-44 oC24d (lit. mp 45.5-50,21 
4548,24a 45,24b43-45 ir (CHC13) 1667 cm-I (conjugated C=O); 
uv max (95% EtOH) 244 nm ( c  20 200); NMR (CDC13) 6 7.1-8.2 (10 
H, m, aryl CH), 2.5-3.1 (2 H, m, benzylic CH and COCH), and 1.3-2.1 
(2 H, m, CH2); mass spectrum m/e (re1 intensity) 222 (M+, loo), 221 
(58), 117 (67), 116 (57), 115 (75), 106 (26), 105 (94), 91 (40), 78 (32), 
77 (86), and 51 (32). 

An authentic sample of the ketone 23 was obtained as a colorless 
1iquid:zj ir (CC14) 1675 cm-l (C=O); uv max (95% EtOH) 245 nm ( c  
13 000); NMR (CC14) 6 7.2-8.0 (5 H, m, aryl CH), 2.2-2.6 (1 H, m, 
CHCO), and 0.6-1.8 (8 H, m, cyclopropyl CH2 and two CH3 singlets 
at  1.05 and 1.33); mass spectrum m/e (re1 intensity) 174 (M+, 751,159 
(301,154 (391,115 (231,106 (23), 105 (loo), 77 (65),51(25), and 41, (20!. 
The cyclopropyl ketone 22 had the following spectral properties: ir 
(CCb) 1670 cm-' (C=O); uv max (95% EtOH) 242 nm ( c  23 200) and 
273 (1830); NMR (CC14) 6 7.0-8.0 (5 H, m, aryl CH), 2.3-2.9 (1 H, m, 
COCH), and 0.7-1.4 (4 H ,  m, cyclopropyl CH2); mass spectrum m/e 
(re1 intensity) 146 (M+, 721,145 (251,106 (261,105 (100),77 (73), 69 
(23), 51 (36), 43 (38), 41 (22), and 39 (30). The spectral properties of 
the cyclopropyl ketone 39 were ir (cc14) 1700 cm-I (C=O); NMR 
(CDC13) 6 2.48 (3 H, s, COCHs), 2.0-2.5 (1 H, m, CHCO), and 0.8-1.3 
(4 H, m, cyclopropyl CH2); mass spectrum mle (re1 intensity) 84 (M+, 
74),83 (21), 69 (loo), 43 (92), 42 (30),41 (72), and 39 (61). 

The natural abundance I3C NMR spectra of the various cyclopropyl 
ketones 22-24,38, and 39, determined in CDC13 solution, are sum- 
marized in the following structures. In each case off-resonance de- 
coupling was used to support the assignments given. 

17.0 137.4 

199.1 127.3 and 127.8 
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18.3 26.8 

1 1 197.2 
207.2 

I 
1 0 . 4 < ~ o - - C H 3  

21.8 127.3 and 127.8 21.0 i t  29.8 
32.6 

10.1 

I 207.7 
36.6 

' YE  127.9 197.4 

137.1 
139.8 

125.6 
and 
127.9 

19.1 

c i32.1 

Preparation of the Methoxy Ketone 40. A solution of NaOCH3 
[from 2.45 g (107 mg-atoms) of Na] and 8.41 g (50.3 mmol) of a-bro- 
moisobutyric acid in 75 ml of MeOH was stirred a t  26 "C for 3 h a n d  
then refluxed for 1.5 h. After the reaction mixture had been concen- 
trated it was partitioned between Et20 and saturated aqueous HCl. 
The ethereal solution was dried (Na2S04) and concentrated to leave 
5.16 g of pale yellow liquid. Fractional distillation separated 3.85 g 
(65%) of the methoxy acid 48 as a colorless liquid: bp 95-96 "C (19 
mm); nz5D 1.4188 [lit.26 bp 99.5 "C (18 mm)]; ir (CC14) 2980 (broad, 
associated OH) and 1710 cm-I (carboxyl C=O); NMR (CC14) 6 10.16 
(1 H ,  s, OH), 3.27 (3 H, s, OCHs), and 1.40 (6 H, s, CH3); mass sgec- 
trum m/e (re1 intensity) 118 (M+, < l ) ,  103 (2),  73 (loo), 59 (a), 57 (81, 
45 (lo), 43 (29), and 41 (26). To a cold (-45 "C) solution of 1.21 g (10.2 
mmol) of the acid 48 in 15 ml of Et20 was added, dropwise with stir- 
ring and cooling during 10 min, 10 ml of an Et20 solution containing 
10.7 mmol of PhLi. The resulting mixture was warmed to -10 "C and 
an additional 9.5 ml of Et20 solution containing 10 mmol of PhLi was 
added, dropwise and with stirring while the reaction mixture was kept 
a t  -10 to 1 "C. After the reaction mixture had been stirred a t  1 "C for 
15 min, it was warmed to 27 "C and poured, with vigorous stirring, into 
dilute aqueous HC1. After the aqueous phase had been saturated with 
NaC1, the mixture was extracted with Et20 and the Et20 extract was 
washed with aqueous.NaHC03 and with aqueous NaCl and dried 
(NazS04). Concentration left 1.67 g of pale yellow liquid that  was 
chromatographed on silica gel to separate 329 mg of early fractions 
containing PhPh and other impurities followed by 1.36 g (75%) of 
fractions (eluted with EtzO-hexane mixtures, 2:98 v/v) containing 
(GLC, Carbowax 20M on Porasil) the ketone 40. A collected (GLC) 
sample of the ketone 40 was obtained as a colorless liquid: nZ5D 1.5094; 
ir (CC14) 1680 cm-I (conjugated C=O); NMR (CC14) 6 8.1-8.4 (2  H,  
m, aryl CH), 7.3-7.6 (3 H,  m, aryl CH), 3.13 (3 H,  s, OCH3), and 1.43 
(6 H, s, CH3); uv max (95% EtOH) 247 nm ( e  10 2001,280 (shoulder, 
1020), and 330 (72); mass spectrum m/e (re1 intensity) 178 (M+, < l ) ,  
105 (91, 77 (12), and 73 (100). The natural abundance l3C NMR 
spectrum of the ketone 40 in CDC13 solution is summarized in the 
following structure. 

134.5 820 
I I 

Anal. Calcd for CllH1402: C, 74.13; H,  7.92. Found: C, 73.87; H,  
7.78. 
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To examine a reaction reported13 to  form the methoxy ketone 40, 
a mixture of NaOMe [from 409 mg (17.8 mg-atoms) of Na] and 3.45 
g (15.2 mmol) of the bromo ketone 42 in 20 ml of E ~ Q O  was stirred for 
16 h a t  25 "C and then partitioned between Et20 and aqueous NaC1. 
The E b O  solution was dried and concentrated to leave 2.54 g of a pale 
yellow liquid that contained no halogen and exhibited no ir absorption 
in the 6-p region attributable to a carbonyl group. A 203-mg aliquot 
of the product was distilled under reduced pressure (0.6 mm) in a 
short-path still to separate 159 mg (78%) of the epoxy ether 44 as a 
colorless liquid: nZ5D 1.4898; ir (CC14) no OH or C=O absorption in 

.the 3- and 6-F regions; NMR (CC14) 6 7.1-7.6 (5 H, m, aryl CH), 3.14 
(3 H, s, OCH3), 1.48 (3 H, s, CH3), and 0.97 (3 H, s, CH3); mass spec- 
trum m/e (re1 intensity) 178 (M+, <l ) ,  105 (loo), 77 (45), 73 (14), and 
43 (15); uv (95% EtOH), series of weak maxima (c  64-727) in the region 
244-281 nm. 

Anal. Calcd for CllH1402: C, 74.13; H,  7.92. Found: C, 74.03; H, 
7.94. 

An attempt to obtain the pure epoxy ether 44 by GLC collection 
(silicone SE-30 on Chromosorb P) resulted in isomerization to  the 
methoxy ketone 46 that was collected as a colorless liquid: nZ5D 1.5049; 
ir (CC14) 1720 cm-l (C=O); NMR (CC14) 6 7.1-7.6 (5 H, m, aryl CHI, 
3.28 (3 H,  s, OCHd, 1.97 (3 H ,  s, CHBCO), and 1.55 (3 H, s, CH3); uv 
max (95% EtOH) 255 nm ( e  810) and 291 (256); mass spectrum m/e 
(re1 intensity) 135 (52), 105 (lo), 77 (21), and 43 (100). 

Anal. Calcd for CllH1402: C, 74.13; H,  7.92. Found: C, 74.20; H, 
7.94. 

A solution of 792 mg (4.45 mmol) of epoxy ether 44 and 0.15 ml of 
aqueous 36% HC1 in 10 ml of MeOH was stirred a t  27 "C for 80 rnin 
and then partitioned between Et20 and aqueous NaCl. After the Et20 
solution had been washed with H2O and with aqueous NaCl and dried 
(NazSOd), concentration left 667 mg of the crude hydroxy ketone 45 
as a pale yellow liquid. A 150-mg aliquot of the crude product was 
distilled a t  0.05 mm in a short-path still to separate 124 mg (75% yield) 
of the hydroxy ketone 45 as a colorless liquid: nZ5D 1.5260 [lit. nZ5D 
1.5276,27a bp 91-93 "C (0.7 mm),27a 120 "C (3 mm)27b]; ir (CC4) 3590, 
3460 (OH), and 1670 cm-1 (C=O); uv max (95% EtOH) 244 nm ( e  
7190) and 325 (63); NMR (CC14) 6 7.2-8.2 (5 H, m, aryl CH), 3.85 (1 
H, broad, OH, exchanged with DzO), and 1.50 (6 H, s, CH3); mass 
spectrum m/e (re1 intensity) 164 (M+, <l), 121 (50), 106 (231,105 (30), 
77 (30),59 (97), and 43 (100). 

To  explore the possible synthesis of the methoxy ketone 40 by re- 
action of the bromo ketone 42 with Ag+ ion in MeOH solution,28 a 
solution of 510 mg (3.0 mmol) of AgN03,0.6 ml of H20, and 647 mg 
(2.85 mmol) of the bromo ketone 42 in 11 ml of MeOH was stirred in 
the dark for 30 min during which time a white precipitate separated. 
The mixture was filtered and the filtrate was partitioned between 
Et20 and aqueous NaC1. After the Et20 solution had been dried 
(NaS04), concentration left 419 mg of yellow liquid that contained 
(GLC, Carbowax 20M on Porasil) the ester 47 (ca. 90%, retention time 
22.4 min) and the methoxy ketone 40 (ca. lo%, 25.6 rnin). A collected 
(GLC) sample of the ketone 40 was identified with the previously 
described material by comparison of ir and mass spectra and GLC 
retention times. A collected (GLC) sample of the ester 47 was obtained 
as a colorless liquid: n% 1.5040; ir (CC14) 1735 cm-' (ester C=O); 
uv (95% EtOH), a series of weak maxima ( e  408-831) in the region 
248-262 nm with intense end absorption; NMR (CC14) 6 7.1-7.4 (5 H,  
m, aryl CHI, 3.60 (3 H, s, OCH3), and 1.53 (6 H,  s, CH3); mass spec- 
trum m/e (re1 intensity) 178 (M+, 171,119 (loo), 91 (45), 77 (15), and 
41 (20). 

Anal. Calcd for C I ~ H J ~ O ~ :  C, 74.13; H, 7.92. Found: C, 74.12; H, 
7.93. 

Preparation of the Acetoxy Ketone 41. A solution of 10.00 g (44 
mmol) of the bromo ketone 42 and 7.2 g (73 mmol) of KOAc in 75 ml 
of 95% EtOH was refluxed for 19 h and then cooled, filtered, and 
partitioned between Et20 and aqueous NaCl. After the Et20 solution 
had been dried (Na2S04) and concentrated, distillation of the residual 
yellow liquid (7.75 g) separated 2.90 g of an early fraction, bp 82-90 
"C (0.9-1.3 mm), containing (NMR analysis) a mixture of the acetoxy 
ketone 41 and an olefinic impurity. The subsequent distillation 
fraction (3.05 g), bp 90-96 "C (0.9-1.3 rnm), containing the desired 
product was crystallized from hexane to separate 2.52 g (28%) of the 
acetoxy ketone 41 as white needles: mp 59-60 "C mp 61 "C); ir 
(CC14) 1742 (ester C=O) and 1690 cm-' (conjugated C=O); uv max 
(95% EtOH) 249 nm ( t  13 3001,269 ( lOOO),  and 314 (96); NMR (CC14) 
6 7.8-8.1 (2 H, rn, aryl CH), 7.2-7.5 (3 H ,  m, aryl CH), 1.88 (3 H, s, 
COCHd, and 1.66 (6 H,  s, CHs); mass spectrum mle (re1 intensity) 
206 (M+, <l), 163 (59),106 (16), 105 (100),101 (17), 77 (45), 59 (32), 
and 43 (51). The natural abundance '"C NMR spectrum of the ketone 
41 in CDC13 solution is summarized in the following structure. 



3072 J. Org. Chem., Vol. 41, No. 19,1976 House, Prabhu, Wilkins, and Lee 

T a b l e  I. Elec t rochemica l  Reduct ion  of the Ketones at 25 "C in DMF Solu t ion  Conta in ing  0.5 M n-Bu4NBF4 

Polarography Cyclic voltammetry 

Registry Ketone Ei/2, V E m ,  V Half-life, 
no. (concn, M X 103) vs. SCE n id,  PA vs. S C E  S 

98-86-2 
938-16-9 

7270-99-7 

25540-73-2 

765-43-5 
5771-58-4 
3481-02-5 

5685-43-8 
1145-92-2 
5650-07-7 
141-79-7 
61 1-70-1 

7476-41-7 
59671-36-2 

12 (6.3) 
13 (5.6-5.8) 

14 (2.9-3.1) 

15 (3.8-4.8) 

39 (7.6-11.7) 
38 (7.6-8.3) 
22 (3.6-6.6) 

23 (2.6-4.3) 
24 (1.8-4.2) 
31 (6.4-7.0) 

51 (8.0-10.2) 
49 (3.8-6.2) 

41 (6.1-6.2) 
40 (6.2) 

-2.05 
-2.14 
-2.82 
-1.96 
-2.44 
-2.03 
-2.41 
ca. -2.87 
ca. -2.81 

-2.07 
-2.73 
-2.09 
-1.82 
-1.86 
-2.21 
-2.09 
-2.73 
-1.80' 
-2.03 
-2.16 

Value not  determined. Since the  reduction wave for this ketone was almost as negative as the  reduction wave for the supporting 
electrolyte, only approximate Ell2 values could be obtained. An additional wave with E1/2 = -2.10 V corresponding to  the formation 
and reduction of ketone 49 was also observed. At slow scan rates ( < l o  V/s), the  cyclic voltammetry scans also exhibited a reversible 
reduction wave, with Ell2 = -2.10 V, corresponding t o  the formation and  reversible reduction of the  ketone 49. 

1.1 
1.0 

ca. 2 
1.0 
1.1 
1.1 
1.0 

1.1 
1.4 
1.1 
0.8 
0.9 
0.9 
1.1 
1.3 
1.0 
1.2 
1.2 

17-18 
17-25 

23 

6-7 
14-18 

4 

8-1 1 

15-18 
12 

9-16 
8-23 

11-25 
15-26 
12-22 
5-13 

22-24 
32-35 
16-21 

-2.12 
-2.15 

-1.95 
a 

-2.04 
a 
a 
a 

-2.08 

-2.09 
-1.85 
-1.89 
-2.26 
-2.09 

-1.83d 
-2.01 

0.2 
3 

> 10 
a 
3 
a 
a 
a 

ca. 5 

4 
<10-2 

0.7 
0.07 
0.3 

< l o - 2  
0.7 

134.2 E39 169.1 

127.8 
198.0 25.3 21.2 / 

Electrochemical Measurements. The polarographic and cyclic 
voltammetry measurements employed a custom-made polarographic 
module, utilizing solid-state amplifiers, that followed the typical three 
electrode design. Descriptions of the cells, working electrodes, refer- 
ence electrodes, and reagent purification procedures have been 
published previou~ly.~" In all cases the solvent was anhydrous DMF 
containing 0.5 M n-BudN+BFd- as the supporting electrolyte. Pre- 
viously described p r o c e d u r e ~ ~ ~ ~ , ~ ~  were used to estimate the E112 
values and half-lives from cyclic voltammetry measurements. The 
results of these measurements are summarized in Table I. Since the 
reduction waves for the saturated cyclopropyl ketones 38 and 39 were 
almost as negative as the discharge potential for the supporting 
electrolyte, only approximate E112 values were obtained from the 
polarographic measurements and it was not possible to obtain data 
for these two ketones by cyclic voltammetry. 

Reactions with MeZCuLi. A. Ketone 13. To a solution of 
MesCuLi, prepared by adding 10.1 ml of an Et20 solution containing 
18 mmol of MeLi to a solution of 1.77 g (8.6 mmol) of MelSCuBr in 
12 ml of Et20 and 9 ml of MeZS, was added 1.00 g (6.2 mmol) of the 
ketone 13 in 2 ml of EtaO. The resulting solution, from which yellow 
(MeCu), began to precipitate within 5 min, was stirred at  27 "C for 
1 h and then partitioned between Et20 and an aqueous solution of 
NH4Cl and NH:%. The ethereal layer was dried and concentrated to 
leave 966 mg of crude liquid product. After an aliquot of the product 
had been mixed with a known weight of internal standard (n-  
CeH17Ph), GLC analysis (silicone SE-30 on Chromosorb P) indicated 
the presence of the unchanged ketone 13 (retention time 4.5 min, 10% 
recovery), the alcohol 17 (6.5 min, 72% yield), and n-CsH17Ph (10.4 
rnin). The mixture of the ketone 13 ( R i  0.48) and the alcohol 17 ( R f  
0.34) was separated by preparative TLC [silica gel with an EtZO- 
pentane (1:19 v/v) eluent] and the alcohol fraction was distilled under 
reduced pressure in a short-path still to separate the alcohol 17 as a 
colorless liquid: bp 140-141 "C (18 mm); nz5D 1.5123 [1iL3* bp 116-117 
OC (15 mm), n a b  1.51351; ir (CC14) 3590 cm-1 (OH); uv (95% EtOH) 
series of weak maxima (c  125-204) in the region 247-254 nm; NMR 
(CC14) 6 6.9-7.5 (5 H ,  m, aryl CH), 1.4-1.6 (4 H,  OH and CHe singlet 
a t  1.52), and 0.88 (9 H, s, t-Bu); mass spectrum mle (re1 intensity) 160 

(M+ - H20,16), 145 (49), 121 (loo), 105 (42), 91 (20), 77 (35), 57 (21), 
51 (21),43 (65), and 41 (20). 

Anal. Calcd for C12HlsO: C, 80.85; H,  10.18. Found: C, 80.83; H, 
10.18. 

Reaction of 969 mg (5.98 mmol) of the ketone 13 with 6.58 mmol 
of MeLi in 24 ml of Eta0 afforded 1.02 g (96%) of the alcohol 17, nz5D 
1.5145, that  was identified with the previously described sample by 
comparison of ir and NMR spectra. 

The ketone fraction from the preparative TLC separation was 
identified as ketone 13 by comparison of ir and mass spectra. The 
absence of peaks in the mass spectrum at  mle values larger than 162 
(e.g., 176 and 178) indicated the absence of ketone products in which 
a CHJ group had been added to the aromatic ring. 

B. Ketone 14. To a cold (4 "C) solution of MezCuLi, from 10.0 
mmol of MeLi, 1.03 g (5.0 mmol) of MesSCuBr, 4 ml of MeaS, and 5.9 
ml of EtzO, was added 336 mg (1.6 mmol) of ketone 14 in 4 ml of EtzO. 
The reaction solution was stirred at  0-8 "C for 1 h, during which time 
a small amount of yellow (MeCu), precipitated, and then at  25 "C for 
16 h. After the usual isolation procedure, the crude liquid product was 
subjected to preparative TLC (silica gel with an EtaO-pentane eluent, 
1:19 v/v) to separate 28 mg of a ketone fraction and 269 mg of an al- 
cohol fraction (eluted second). The alcohol fraction was distilled in 
a short-path still a t  0.4 mm to separate 260 mg (71%) of the alcohol 
18 as a light yellow liquid, nZ5D 1.5843. This material crystallized on 
standing and was recrystallized from pentane a t  low temperatures 
to separate the pure alcohol 18 as colorless needles: mp 57.5-59 "C; 
ir (CC14) 3595 cm-1 (OH); uv max (EtaO) 224 nm (c  94 300) with a 
series of weak maxima ( c  3250-5190) in the region 248-288 nm; NMR 
(CC14) b 7.3-8.0 (7 H, m, aryl CH), 1.67 (3 H, s, CH3), 1.57 (1 H, S, OH, 
exchanged with D20),  and 0.97 (9 H, s, t-Bu); mass spectrum m/e (re1 
intensity) 228 (M+, 33), 172 (531,171 (loo), 155 (411,153 (221,129 (25), 
128 (58), 127 (40), 77 (20), and 57 (40). 

Anal. Calcd for CIBHL00: C, 84.16; H,  8.83. Found: C, 84.09; H ,  
8.84. 

An authentic sample of the alcohol 18, mp 58-59 "C, was obtained 
in 64% yield by reaction of the ketone 14 with excess ethereal MeLi 
for 30 min a t  25 "C. The two samples were identified by a mixture 
melting point determination and by comparison of ir, NMR, and uv 
spectra. 

The crude ketone fraction (28 mg) from the TLC separation con- 
tained (GLC, silicone SE-30 on Chromosorb P) the ketone 14 (re- 
tention time 14.0 min, ca. 73% of the mixture) accompanied by two 
more rapidly eluted components (10.2 min, ca. 14%, and 11.7 min, ca. 
13%), believed to be olefins derived from the alcohol 18. The mass 
spectrum of this mixture exhibited abundant peaks corresponding 
to the ketone 14 with a less abundant peak at  mle 210 attributable 
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to an olefin formed from alcohol 18. There were no higher mass peaks 
that would be expected from ketones in which a Me group had been 
added to the aromatic ring of ketone 14. 

C. Ketone 15. A cold (5 'C) solution of MezCuLi, from 11.9 mmol 
of MeLi, 1.23 g (6.0 mmol) of MezSCuBr, 6 ml of MeZS, and 7.3 ml of 
EtsO, was treated with 424 mg (2.0 mmol) of the ketone 15 in 5 ml of 
EtzO. The resulting mixture was stirred at 5-10 "C for 1 hand  a t  25 
"C for 18 h and then subjected to  the usual isolation procedure. The  
crude liquid product (500 mg) was subjected to preparative TLC 
(silica gel with an EtsO-pentane eluent, 1:19 vlv) to separate 70 mg 
of an unidentified hydrocarbon fraction (ir analysis) and 410 mg of 
an alcohol fraction (eluted second). A 375-mg aliquot of the alcohol 
fraction was distilled in a short-path still at  1.6 mm to  separate 282 
mg (68%) of the alcohol 19 as a viscous yellow liquid: nz5D 1.5892; ir 
(CC14) 3590 cm-' (OH); uv max (Et201 224 nm (c 79 OOO) with a series 
of weak maxima ( c  4780-8410) in the region 260-295 nm; NMR (CC4) 
6 7.1-7.9 (7 H,  m, aryl CH), 1.77 (3 H,  s, CH3), 1.70 (1 H,  s, OH, ex- 
changed with DzO), and 0.99 (9 H,  s, t-Bu); mass spectrum mle (re1 
intensity) 210 (M+ - H20,49), 195 (501,171 (51), 170 (251,165 (37), 
155 (70), 154 (loo), 153 (94), 152 (83), 151 (24), 127 (53), 57 (32), 56 
(28), 43 (281, and 41 (28). 

Anal. Calcd for CieHzoO: C, 84.16; H,  8.83. Found: C, 84.38; H, 
8.90. 

Reaction of the ketone 15 with excess ethereal MeLi a t  25 "C for 
1 h yielded 81% of the alcohol 19 as a viscous liquid, nZ5D 1.5880, that 
was identified with the previously described sample by comparison 
of ir, NMR, and uv spectra. 

D. Ketone 22. To a cold (4 "C) solution of MezCuLi, from 9.3 mmol 
of MeLi, 1.01 g (4.9 mmol) of MezSCuBr, 5.3 ml of MeZS, and 5.7 ml 
of Et20, was added a solution of 512 mg (3.5 mmol) of ketone 22 in 1 
ml of EtsO. As the ketone was added an exothermic reaction occurred 
with precipitation of (MeCu),. The mixture was stirred a t  27 "C for 
3.5 h and then subjected to the usual isolation procedure to separate 
476 mg of crude product as a yellow liquid. A 454-mg aliquot of this 
product was chromatographed on silica gel to separate 18 mg (3.5%) 
of ketone 28 (eluted with hexane, identified with an authentic sample 
by comparison of ir, NMR, and mass spectra and GLC retention 
times), followed by 29 mg of fractions (eluted with hexane) containing 
(GLC, silicone DC-10 on Chromosorb P) a mixture of ketone 22 (re- 
tention time 9.1 min) and ketone 28 (9.6 min) and 54 mg (11%) of 
ketone 22 (eluted with 2% Et20 in hexane, identified by comparison 
of GLC retention times and ir and mass spectra). Subsequent chro- 
matography fractions, eluted with 2% E g o  in hexane, contained 289 
mg (57%) of the crude alcohol 25. A 120-mg aliquot was distilled at  
0.5 mm in a short-path still to  separate 86 mg of the pure alcohol 25 
as a colorless liquid: nZ5D 1.5332; ir (Cc14) 3590 cm-' (OH); uv (95% 
EtOH), series of weak maxima ( c  75-187) in the region 247-267 nm; 
NMR (CC14) 6 7.0-7.5 (5 H,  m, aryl CHI, 1.60 (1 H, s, OH, exchanged 
with DzO), 1.41 (3 H,  s, CHa), 0.9-1.3 (1 H, m, cyclopropyl CHI, and 
0.2-0.5 (4 H ,  m, cyclopropyl CHz); mass spectrum mle (re1 intensity) 
147 (22), 144 (43), 143 (26), 134 (loo), 129 (81), 128 (45), 121 (32), 115 
(30), 105 (441, 103 (30), 91 (43), 77 (401, 51 (23), 43 (43), and 39 
(20).  

Reaction of the ketone 22 with excess ethereal MeLi a t  26 "C for 
2 h yielded 79% of the alcohol 25 as a colorless liquid, n% 1.5330 [lit.":i 
bp 78-81 "C (0.3 mm), nZ7D 1.53241, that was identified with the 
previously described sample by comparison of ir, NMR, and mass 
spectra. 

E. Ketone 23. To a cold (3 "C) solution of MeZCuLi, from 9.3 mmol 
of MeLi, 1.02 g (4.9 mmol) of Me.LSCuBr, 5.0 ml of MeZS, and 6.0 ml 
of EtzO, was added a solution of 613 mg (3.5 mmol) of the ketone 23 
in 2.0 ml of EtZO. During the addition, a mildly exothermic reaction 
occurred with precipitation of (MeCu),. After the mixture had been 
stirred at  27 "C for 4.5 h, it  was subjected to the usual isolation pro- 
cedure to give 640 mg of crude product as a pale yellow liquid. A 
610-mg aliquot of this product was chromatographed on silica gel with 
an EtzO-petroleum ether eluent (1:99 v/v) to separate 76 mg of early 
fractions containing (ir analysis) a mixture of alcohol and ketone 
products. Subsequent fractions contained 467 mg (75%) of the alcohol 
26. A 130-mg portion of the alcohol was distilled in a short-path still 
to separate 95 mg of the pure alcohol 26 as a colorless liquid: n% 
1.5145; ir (CC14) 3610 cm-I (OH); uv (95% EtOH), series of weak 
maxima ( c  92-257) in the region 240-266 nm; NMR (CC4)  6 7.1-7.6 
(5 H,  m, aryl CH), 0.8-1.7 (11 H, m, cyclopropyl CH, OH, and three 
CH:3 singlets a t  1.54, 1.04, and 0.881, and 0.2-0.7 (2 H, m, cyclopropyl 
CH); mass spectrum mle (re1 intensity) 172 (46), 157 (loo), 143 (38), 
142 (501,134 (27) ,  129 (581, 128 (391,115 (46), 91 (411, and 77 (29). 

Anal. Calcd for Cl;jH180: C, 82.06; H, 9.54. Found: C, 82.11; H, 
9.58. 

Reaction of the ketone 23 with excess ethereal MeLj a t  27 "C for 
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3 h yielded 90% of the alcohol 26 as a colorless liquid, n Z b  1.5155, that 
was identified with the previously described sample by comparison 
of ir, NMR, and mass spectra and TLC Ri values on silica gel. 

The early chromatographic fractions (70 mg) were rechromato- 
graphed on silica gel to separate 9 mg of an early fraction containing 
(GLC, silicone SE-30 on Porasil) the starting ketone 23 (retention time 
16.0 min, ca. 60% of the mixture) and the ketone 29 (22.2 min, ca. 40% 
of the  mixture corresponding t o  a 0.6% yield). Subsequent chroma- 
tographic fractions contained 22 mg of the starting ketone 23 (GLC 
analysis) and 30 mg of the alcohol 26. A collected (GLC) sample of the 
ketone 29 was identified with a subsequently described authentic 
sample by comparison of mass spectra and GLC retention times. 

An authentic sample of the ketone 29 was prepared from @,B-di- 
methylacryloyl chloride: bp 78-82 "C (42 mm); n""D 1.4750 [lit.:'4 bp 
59-61 "C (30 mm)]; ir (CC14) 1785, 1755 (C=O), and 1620 cm-' 
(C=C); NMR (CCL) 6 6.03 (1 H, m, vinyl CH), 2.15 (3 H, broad, CH:{), 
and 1.98 (3 H, broad, CHa). To a cold (-8 "C) solution of 13.5 g (114 
mmol) of this acid chloride in 25 ml of Eta0 was added, dropwi'se and 
with stirring, 75 ml of an ethereal solution of PhMgBr (prepared from 
100 mmol of PhBr). After the resulting solution had been stirred for 
30 min, it was quenched with HzO and then partitioned between Et20 
and aqueous NaC1. The organic solution was washed successively with 
aqueous NaHC03 and with aqueous NaCl and then dried (Na2S04) 
concentrated, and distilled to separate 7.15 g (45%) of P,P-dimeth- 
ylacrylophenone (31) as a pale yellow liquid: bp 89-93 "C (1.2 mm); 
nz5D 1,5598 [lit. bp 104-106 "c (5 mm),34 120-121 "c (4 mm),:'5 f12:'D 
1.5579,"4 n19D 1.5598"]; ir (CC14) 1665 (c=o) and 1615 cm-' (c=c); 
uv max (95% EtOH) 259 nm ( t  19 700) and 346 (155); NMR (CC14) 6 
7.2-8.0 (5 H, m, aryl CH), 6.69 (1 H,  broad, vinyl CH), 2.20 (3 H, broad, 
CH3), and 1.96 (3 H, broad, CH3); mass spectrum mle (re1 intensity) 
160 (M+, 72), 159 (loo), 145 (83), 115 (40), 105 (72), 83 (64),77 (81), 
55 (38),51 (59), and 39 (42). A cold (2 "C) solution of EtMgBr, pre- 
pared from 1.80 g (75 mg-atoms) of Mg, 10.9 g (100 mmol) of EtBr, 
and 75 ml of EbO,  was treated successively with 91 mg (1.0 mmol) of 
CuCl and a solution of 4.80 g (30 mmol) of the enone 31 in 25 ml of 
EtzO. The resulting mixture was stirred for 2.5 h while it was allowed 
to warm to 27 "C and then the mixture was partitioned between Et20 
and cold dilute aqueous HzS04. The ethereal solution was washed 
with aqueous NaCl, dried, and concentrated to leave 5.30 g (93%) of 
crude product as a pale yellow oil containing (GLC, silicone SE-30 on 
Porasil) one major component, the ketone 29 (retention time 23.8 
m i d .  A collected (GLC) sample of the pure ketone 29 was obtained 
as a colorless liquid: nZ5D 1.5100; ir (CCI,) 1692 and 1680 cm-' (con- 
jugated C=O);3fi uv max (95% EtOH) 241 nm ( e  10 300) and 277 
(1190); NMR (CC1.d 6 7.3-8.1 (5 H, m, aryl CH), 2.80 (2 H, s, CH2CO), 
and 0.7-1.7 [ll H,  m, CHaCHs and a C(CH3)2 singlet at  1.001; mass 
spectrum mle (re1 intensity) 190 (M+, 6), 120 [PhC(OH)=CHz+, 1001, 
105 (go), and 77 (36). 

Anal. Calcd for C13H180: C, 82.06; H, 9.54. Found: C, 82.00; H,  
9.55. 

The natural abundance I3C NMR spectrum of ketone 29, deter- 
mined in CDC13, is summarized in the following formula. 

127.5 and 127.8 

I 
348 27.0 

I I  
J . 4  

CH3CH2C(CH3)$H2 
t t t t - t  

815 3d.9 4i.5 138.1 131.9 
F. Ketone 24. To a cold (4 "C) solution of MezCuLi, from 6.8 mmol 

of MeLi, 0.73 g (3.5 mmol) of MesSCuBr, 4.0 ml of MeZS, and 6.0 ml 
of EtzO, was added a solution of 560 mg (2.5 mmol) of ketone 24 in 3.0 
ml of EtZO. The addition was accompanied by a mild exothermic re- 
action and precipitation of (MeCu), began within 20 min. After the 
reaction mixture had been stirred for 5 h a t  27 "C, it was subjected 
to the usual isolation procedure to give 572 mg of crude product as a 
yellow liquid. A 565-mg aliquot of this product was chromatographed 
on silica gel with EteO-hexane mixtures as eluents. After separation 
of 28 mg of early fractions containing (GLC) a mixture of ketones 24 
(ca. 4% recovery) and 30 (ca. 0.9% yield), the next fraction contained 
36 mg (6% recovery) of the starting ketone 24, mp 42.5-43 "C, iden- 
tified by a mixture melting point determination and by comparison 
of ir, NMR, and mass spectra and GLC retention times. Subsequent 
fractions contained 484 mg (81%) of the alcohol 27 as a colorless liquid: 
flz5D 1.5805; ir (CHCIa) 3580 and 3460 cm-I (OH); uv (95% EtOH), 
series of weak maxima ( c  440-900) in the region 249-272 nm; NMR 
(CDC13) 6 6.9-7.6 (10 H,  m, aryl CHI, 1.8-2.2 (1 H, m, benzylic CHI, 
1.70 (1 H,  s, OH, exchanged with DzO), and 0.6-1.6 (6 H,  m, cyclo- 
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propyl CH and a CHs singlet a t  1.55); mass spectrum mle (re1 inten- 
sity) 221 (16), 220 (78), 205 (96), 142 (26), 134 (32), 130 (81), 129 (loo), 
128 (72), 115 (731, 106 (59), 105 (661,103 (31),91 (40),77 (661, and 51 
(37). 

Anal. Calcd for C17H180: C, 85.67; H, 7.61. Found: C, 85.71; H, 
7.65. 

Reaction of the ketone 24 with excess ethereal MeLi a t  26 "C for 
2 h yielded, after column chromatography, 94% of the alcohol 27 as 
a colorless liquid, nz5D 1.5790, that was identified with the previously 
described sample by comparison of ir, NMR, and mass spectra. 

The early chromatographic fractions (23 mg) were rechromato- 
graphed on silica gel to separate in early fractions 3 mg of the ketone 
30 followed by 11.5 mg of fractions containing (GLC, silicone SE-30 
on Porasil) both ketone 30 (retention time 29.4 min) and ketone 24 
(34.4 mm), and 5 mg of ketone 24. Recrystallization of the crude ke- 
tone 30 from EtOH afforded 1 mg of the pure ketone 30, mp 57-58 "C, 
that was identified with the subsequently described authentic sample 
by a mixture melting point determination and by comparison of ir and 
mass spectra. 

To obtain an authentic samole of ketone 30. a cold (6 "C) solution 
of EtMgBr, prepared from 2i.8 g (200 mmol) of EtBr, 3.60 g (150 
mg-atoms) of Mg, and 75 ml of EtzO, was treated successively with 
0.20 g (2 mmol) of CuCl and a solution of 12.48 g (60 mmol) of ketone 
32 in 20 ml of EtzO. The mixture was stirred for 3 h while it was al- 
lowed to warm to 25 "C and then it was partitioned between Et20 and 
cold, dilute aqueous HzS04. the organic layer was washed with 
aqueous NaC1, dried, and concentrated to leave 12.4 g (87%) of the 
crude ketone 30 as a yellow liquid that solidified on standing. A 1.80-g 
aliquot of the crude product was chromatographed on A1203 with a 
pentane eluent to separate 1.15 g of the ketone 30 as a colorless solid. 
Recrystallization from EtOH afforded the ketone 30 as colorless 
needles: mp 59-60 "C (lit.37 mp 63 "C); ir (CHC13) 1682 cm-l (con- 
jugated C=O); uv max (95% EtOH) 243 nm ( 6  13 400); NMR (CDC13) 
6 7.1-8.2 (10 H ,  m, aryl CH), 3.1-3.4 (3 H,  m, benzylic CH and 
CHZCO), 1.4-2.0 (2  H,  m, CHz), and 0.80 (3 H,  t , J  = 7.5 Hz, CHd;  
mass spectrum mle (re1 intensity) 238 (M+, 32), 209 (65), 120 (20), 118 
(loo), 105 (95), 91 (32), and 77 (45). The natural abundance I3C NMR 
spectrum of ketone 30, determined in CDC13, is summarized in the 
following formula. 

12.0 - CH3 
I 4 2 9  125.6 to 127.8 

I I 
m.sF 1A.7 45.4 144.0 

G .  Ketone 12. A cold (5 "C) solution of MezCuLi, from 10.7 mmol 
of MeLi, 1.25 g (6.06 mmol) of MeZSCuBr, 6.5 ml of MeZS, and 8.5 ml 
of EtnO, was treated with a solution of 563 mg (4.69 mmol) of ketone 
12 in 3 ml of EtlO. The addition was accompanied by a mildly exo- 
thermic reaction with evolution of gas (presumably CH4) and pre- 
cipitation of (MeCu),. After the mixture had been stirred at  27 "C 
for 3.5 h, it was subjected to the usual isolation procedure to separate 
532 mg of crude product as a pale yellow oil. A 434-mg aliquot was 
chromatographed on silica gel with an EtzO-hexane eluent (1:19 to 
1:s v/v) to separate 354 mg (77% recovery) of starting ketone 12 fol- 
lowed by 46 mg (9%) of the alcohol 16. Both products were identified 
with authentic samples by comparison of ir, NMR, and either mass 
spectra (for alcohol 16) or GLC retention times (for ketone 12). A 
comparable experiment was performed with a solution of 540 mg (4.5 
mmol) of ketone 12 and a cold (4 O C )  solution of MezCuLi, from 1.66 
g (8 mmol) of MesSCuBr, 14 mmol of MeLi, 8 ml of MeZS, and 7 ml 
of Et,O. After reaction for 11 min a t  4-8 O C  [with gas evolution and 
precipitation of (MeCu),], a 446-mg aliquot of the crude liquid 
product (484 mg) was chromatographed to separate 357 mg (72% re- 
covery) of ketone 12 and 48 mg (8%) of the alcohol 16, nZ5D 1.5159. 

An authentic sample of the alcohol 16, prepared by reaction of ke- 
tone 12 with excess ethereal MeLi, was obtained as a colorless liquid: 
nZiD 1.5169 [lit. bp 60-65 "C (4 mm),38a nZ7D 1.510,38a n3'D 
1.51502"b]; ir (CC14) 3590 and 3420 cm-I (OH); NMR (CC14) 6 7.0-7.6 
(5 H, m, aryl CH), 2.18 (1 H,  s, OH, exchanged with DzO), and 1.47 
(6 H, s, CHs); mass spectrum m/e (re1 intensity), 136 (M+, 11,121 (251, 
105 (3), 78 (6), 77 (9), 59 (4), 51 (lo),  and 46 (100); uv (95% EtOH), 
series of weak maxima ( e  78-177) in the region 239-265 nm. 

H. Ketone 31. To a cold (4 O C )  solution of MeZCuLi, from 1.03 g 
(5.0 mmol) of MezSCuBr, 8.6 mmol of MeLi, 6 ml of MeZS, and 9 ml 
of EtzO, was added, dropwise with stirring and cooling, a solution of 
480 mg (3.0 mmol) of the ketone 31 in 4 ml of EtZO. As the ketone 31 

was added a mildly exothermic reaction occurred with precipitation 
of (MeCu),. The resulting cold (8 "C) mixture was stirred for 15 min 
a t  4-8 "C and then subjected to the usual isolation procedure. The 
crude product, 490 mg of yellow liquid, contained (ir and NMR 
analyses) the ketone 52. A 157-mg aliquot was distilled at  0.9 mm in 
a short-path still to separate 135 mg (80%) of the ketone 52: nZRD 
1.5078 [lit.3fi bp 112-114 "C (10 mm), nz5D 1.50561; ir (CC14) 1690 and 
1675 cm-I (C=O); NMR (CC14) b 7.2-8.0 (5 H, m, aryl CH), 2.79 (2  
H,  s, CHzCO), and 1.05 (9 H, s, t-Bu);  mass spectrum mle (re1 inten- 
sity) 176 (M+, 121,120 (561,105 (loo), 77 (54), 57 (15),51 (25), and 41 
(19). This product, which exhibited a single GLC peak (silicone SE-30 
on Chromosorb P), was identified with an authentic samplejfi by 
comparison of ir and NMR spectra and GLC retention times. 

I. Ketone 51. To a cold (5 "C) solution of MezCuLi, from 1.144 g 
(5.57 mmol) of MeZSCuBr, 10 mmol of MeLi, 6 ml of MeZS, and 7 ml 
of EtlO, was added, dropwise with stirring and cooling, a solution of 
394 mg (4.00 mmol) of the enone 51 in 5 ml of EtzO. The reaction 
mixture, which warmed to 11 "C with precipitation of (MeCu), during 
this addition, was stirred a t  5-11 "C for 15 min and then subjected 
to the usual isolation procedure. The crude product, 407 mg (89%) of 
yellow liquid containing (ir and NMR analyses) the ketone 53, was 
distilled at  20 mm in a short-path still to separate 280 mg (61%) of the 
ketone 53: nZ5D 1.4034 (lit. bp 125-126 oC;3ga n:"D 1.3989;;jga nZ5D 
1.401839b); ir (CC14) 1715 cm-' (C=O); NMR (CCI4) 6 2.27 (2 H,  s, 
CHzCO), 2.03 (3 H,  s, CH&O), and 1.00 (9 H ,  s, t-Bu). This product 
was identified with an authentic sample"ga by comparison of ir and 
NMR spectra and GLC retention times. 

J. Bromo Ketone 42. A cold (5 "C) solution of MezCuLi, from 1.025 
g (5.0 mmol) of MezSCuBr, 9.6 mmol of MeLi, 7 ml of MeZS, and 9 ml 
of EtZO, was treated with a solution of 690 mg (3.04 mmol) of the 
bromo ketone 42 in 3 ml of EtzO. After the addition [accompanied by 
an exothermic reaction and precipitation of (MeCu),] was complete, 
the mixture was stirred for 30 min at  5 "C and for 90 min at  26 "C and 
then subjected to the usual isolation procedure. After the crude 
product (405 mg of yellow liquid) had been mixed with a weighed 
amount of internal standard (n-C11H24), analysis (GLC, silicone 
SE-30 on Porasil) indicated the presence of n-CllHz4 (retention time 
11.7 rnin), ketone 49 (18.8 min, 77% yield), and ketone 13 (22.2 min, 
17% yield). Collected (GLC) samples of ketones 13 and 49 were 
identified with authentic samples by comparison of GLC retention 
times and ir and mass spectra. 

K. Methoxy Ketone 40. To a cold (5 "C) solution of MezCuLi, from 
1.028 g (5.0 mmol) of MezSCuBr, 9.45 mmol of MeLi, 6 ml of MeZS, 
and 9 ml of EtzO, was added, dropwise and with stirring, a solution 
of 540 mg (3.03 mmol) of the methoxy ketone 40 in 4 ml of EtzO. The 
mixture, from which (MeCu), began to precipitate immediately, was 
stirred a t  4-7 "C for 30 min and a t  26 "C for 1 hand  then subjected 
to the usual isolation procedure. A 506-mg aliquot of the crude 
product (510 mg of yellow liquid) was chromatographed on silica gel 
with EtZO-hexane mixtures as the eluent. After separation of 202 mg 
of early fractions containing mixtures of ketone and alcohol products, 
the subsequent fractions contained 312 mg (53%) of the alcohol 50 as 
a colorless liquid. Short-path distillation of a 95-mg aliquot of this 
product under reduced pressure afforded 75 mg of the pure liquid 
alcohol 50: nz5D 1.5131; ir (CC14) 3600 and 3550 cm-' (OH); NMR 
(CC14) 6 7.0-7.6 (5 H, m, aryl CH), 3.22 (3 H,  s, OCHd, 2.82 (1 H, s, 
OH, exchanged with DzO), 1.53 (3 H, s, CHd ,  1.32 (3 H, s, CH:j), and 
0.98 (3 H, s, CH3); mass spectrum mle (re1 intensity) 194 (M+, <l), 
121 (5), 105 (2), 77 (4) ,  74 (5), 73 (loo), and 43 (22) ,  uv (95% EtOH), 
series of weak maxima (6 236-440) in the region 247-264 nm. 

Anal. Calcd for ClzHlsOz: C, 74.19; H,  9.34. Found: C, 74.18; H, 
9.35. 

Reaction of the ketone 40 with excess ethereal MeLi a t  27 "C for 
1.5 h followed by isolation of the crude neutral product and chroma- 
tography on silica gel afforded 92% of the alcohol 50 as a colorless 
liquid, nZ5D 1.5118-1.5120, that was identified with the previously 
described sample by comparison of ir, NMR, and mass spectra. 

A 185-mg portion of the first fraction from the initial chromatog- 
raphy was rechromatographed on silica gel to separate an additional 
29 mg of the pure alcohol 50 (total yield 58%), 95 mg of fractions 
containing (ir and NMR analysis) mainly the alcohol 50, and 22 mg 
of early fractions that contained (GLC, Carbowax 20M on Chromo- 
sorb P )  the starting ketone 40 (ca. 83%, retention time 22.4 min) ac- 
companied by ca. 2% (corresponding to a 0.1% yield) of the ketone 49 
(14.8 min) and ca. 15% of the alcohol 50 (42.6 rnin). A collected (GLC) 
sample of the ketone 49 was identified with an authentic sample by 
comparison of GLC retention times and mass spectra. 

L. Acetoxy Ketone 41. To a cold (3-5 "C) solution of MeKuLi,  
from 1.03 g (5.0 mmol) of MezSCuBr, 9.6 mmol of MeLi, 9 ml of EtzO, 
and 6 ml of MeZS, was added, dropwise and with stirring, a solution 
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of 618 mg (3.0 mmol) of the ketone 41 in 2 ml of EtzO. The resulting 
solution, from which (MeCu), began to precipitate immediately, was 
stirred a t  3-5 "C for 40 min and a t  27 "C for 80 rnin and then subjected 
to  the usual isolation procedure. A 420-mg aliquot of the crude liquid 
product (426 mg) was subjected to preparative TLC on silica gel (E. 
Merck, no. PF 254) with an EtsO-hexane eluent (3:25 v/v, three suc- 
cessive elutions). The fastest moving band (R f  0.63) contained 169 
mg (39%) of the ketone 49 as a colorless liquid identified with an au- 
thentic sample by comparison of the R/ values and ir, NMR, and mass 
spectra. The second TLC band (Rj 0.32) contained 128 mg of liquid 
that was crystallized from hexane to separate 94 rng (15% recovery) 
of the starting acetoxy ketone 41, mp 59-60 "C, that  was identified 
with an authentic sample by a mixture melting point determination 
and by comparison of ir, NMR, and mass spectra. The slowest moving 
band (Rj 0.18) contained 39 mg (8%) of the hydroxy ketone 45 as a pale 
yellow liquid that was identified with a previously described sample 
by comparison of ir, NMR, and mass spectra. 

In a comparable experiment reaction of 4.8 mmol of MepCuLi with 
532 mg (2.58 mmol) of the acetoxy ketone 41 for 2 h at  3-5 "C and for 
2.5 h at  25 "C yielded 361 mg of crude liquid product that  was mixed 
with a known weight of internal standard (n-ClIH24). The crude 
product contained (GLC, silicone SE-30 on Chromosorb P) n-C11H24 
(retention time 11.2 min), the ketone 49 (54% yield, 18.0 rnin), and two 
minor unidentified components (26.6 and 58.4 rnin). A collected 
(GLC) sample of the ketone 49 was identified with an authentic 
sample by comparison of GLC retention times and ir, NMR, and mass 
spectra. 

Competition Experiments with MezCuLi. A. Ketones 22 and  
51. A solution of MezCuLi, prepared at  4 "C from 216 mg (1.05 mmol) 
of MezSCuBr in 1.6 ml of MezS and 2 ml of Et20 and 2.04 mmol of 
MeLi in 3 ml of EtsO, was cooled to -70 "C. While the solution was 
maintained a t  -60 to -70 0C,40 a solution of 301 mg (2.06 mmol) of 
the ketone 22 and 207 mg (2.11 mmol) of the ketone 51 in 2 ml of Et20 
was added dropwise and with stirring. After the solution had been 
stirred for 15 min a t  -60 to -70 "C (during which time no reaction 
was apparent), it  was allowed to warm to 3 "C during approximately 
5 min; separation of significant quantities of (MeCu), from the re- 
action solution occurred as the temperature rose above -35 "C. After 
the mixture had been stirred a t  3 "C for 45 min, it was subjected to 
the usual isolation procedure; aliquots of the crude product were 
mixed with known amounts of an internal standard (either tetralin 
or n-Cl~H26) and subjected to GLC analysis (Carbowax 20M on Po- 
rasil). Employing a GLC analysis a t  85 "C, the mixture contained 
ketone 53 (retention time 3.8 min, 21% yield), ketone 51 (6.6 min, 49% 
recovery), and n-ClzH26 (11.0 rnin). At higher temperatures (158 "C), 
GLC analysis indicated the presence of tetralin (7.0 min) and ketone 
22 (28.6 min, 100% recovery). Collected (GLC) samples of each of the 
ketones 22, 51, and 53 were identified with authentic samples by 
comparison of GLC retention times and mass spectra. 

B. Ketones 31 and  41. A solution of MezCuLi, from 209 mg (1.02 
mmol) of MezSCuBr in 1.5 ml of Me$ and 2 ml of Eta0  and 2.8 ml 
of an Et20 solution containing 1.96 mmol of MeLi, was cooled to -72 
"C and then a solution of 321 mg (2.0 mmol) of enone 31 and 411 mg 
(2.0 mmol) of acetoxy ketone 41 in 3 ml of Et20 was added, dropwise 
with stirring and cooling. After the resulting orange solution had been 
stirred a t  -60 "C for 10 min,40 it was allowed to warm to  3 "C during 
5 min. Precipitation of (MeCu), from the solution was observed as 
the temperature rose above -35 "C. The resulting mixture was stirred 
a t  3 "C for 35 min and then subjected to the usual isolation procedure. 
The crude liquid product was mixed with a known weight of internal 
standard (tetralin) and subjected to GLC analysis (Carbowax 20M 
on Porasil). The product contained (GLC) tetralin (retention time 
5.6 m i d ,  ketone 49 (9.3 min, 14% yield), ketone 52 (13.6 min, 3%yield), 
enone 31 (25.7 min, 77% recovery), hydroxy ketone 45 (32.1 min, ca. 
8% yield), and the acetoxy ketone 41 (38.8 min, 67% recovery). Col- 
lected (GLC) samples of ketones 31,49,41,45, and 52 were identified 
with authentic samples by comparison of GLC retention time and 
mass spectra. 

C. Ketones 31 and 51. After a solution of MezCuLi, prepared a t  
4 "C from 216 mg (1.05 mmol) of MesSCuBr in 1.5 ml of Me& and 2 
ml of Et20 and 2.04 mmol of MeLi in 3 ml of EtzO, had been cooled 
to -70 "C, the solution was maintained a t  -60 to -70 "C40 while a 
solution of 324 mg (2.03 mmol) of ketone 31 and 201 mg (2.05 mmol) 
of ketone 51 in 2 ml of Et20 was added, dropwise, with stirring. After 
the resulting orange-colored mixture had been stirred a t  -70 "C for 
10 min, it was warmed to 4 "C during approximately 5 min. During 
this warming, the orange color faded and a yellow precipitate of 
(MeCu), separated as the solution was warmed above -30 "C. The 
reaction mixture was stirred at  4 "C for 25 min and at  27 "C for 20 min 
and then subjected to the usual isolation procedure. Aliquots of the 
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crude product were mixed with known amounts of an internal stan- 
dard (tetralin or n-ClzH26) for GLC analysis (Carbowax 20M on Po- 
rasil). Analysis (GLC) a t  85 "C indicated the presence of ketone 53 
(retention time 3.9 min, 10% yield), ketone 51 (6.9 min, 49% recovery), 
and n-ClzHz6 (12.6 rnin). Analysis (GLC) a t  170 "C indicated the 
presence of tetralin (retention time 5.7 min), ketone 52 (14.2 min, 11% 
yield), and ketone 31 (26.2 min, 36% recovery). Collected (GLC) 
samples of ketones 31,51,52, and 53 were identified with authentic 
samples by comparison of GLC retention times and mass spectra. 

Repetition of this experiment resulted in the following yields of 
products or reactants: 31,35%; 51,40%; 52,13%; and 53,7.4%. These 
consistently low yields (or recoveries) of products and reactants in- 
dicated that portions of these materials were being converted to higher 
molecular weight materials that were not eluted in our GLC analysis. 
This is presumably the result of Michael and/or aldol condensation 
of the product enolate anions with the excess enones present in the 
reaction mixture. In an effort to minimize this problem, a series of 
comparable reactions were performed in which the mixtures were 
quenched after shorter reaction times at  lower reaction temperatures. 
In an experiment in which a cold reaction solution was warmed t'o -30 
"C, stirred a t  -30 "C for 30 min, and then quenched, the yields were 
93% of 31,86% of 51,6% of 52, and 0.9% of 53. When the reaction so- 
lution was warmed from -70 to -20 "C during 10 min and then 
quenched immediately, the yields were 96% of 31,86% of 51,3.8% of 
52, and 1.4% of 53. When the cold (-70 O C )  reaction solution was 
warmed to -10 "C during 10 min, stirred at  -10 "C for 10 min, and 
then quenched, the yields were 97% of 31,79% of 51,3% of 52, and 0.7% 
of 53. Thus, it appears that  the reaction of the more easily reduced 
enone 31 with MezCuLi is slightly more rapid than the corresponding 
reaction with the enone 51. 

Registry No.-16, 617-94-7; 17, 21811-48-3; 18, 59671-37-3; 19, 
59671-38-4; 25, 5558-04-3; 26, 59671-39-5; 27, 59671-40-8; 28, 1009- 
14-9; 29, 59671-41-9; 30, 1454-61-1; 32, 94-41-7; 42, 10409-54-8; 44, 
13694-96-7; 45, 7473-98-5; 46, 18913-16-1; 47, 57625-74-8; 48, 
13836-62-9; 50, 59671-42-0; 52, 31366-07-1; 53, 590-50-1; tu-bromo- 
isobutyric acid, 2052-01-9; MezCuLi, 15681-48-8. 
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T h e  cyclopropyl enone 16 has been prepared as a n  example o f  an  enone whose anion rad ica l  39 w i l l  have a geome- 
try very favorable for t he  rearrangement 39 - 40. Reaction o f  t h i s  enone 16 w i t h  MezCuL i  yielded a m ix tu re  of 
rearranged product  33 (72% o f  t he  product )  a n d  unrearranged product  32 (28% o f  t h e  product).  T h i s  observation 
is considered compell ing evidence t h a t  th is  reaction is  proceeding by a n  i n i t i a l  electron transfer step rather  t h a n  
a d i rect  nucleophil ic addit ion. As p a r t  o f  t he  synthesis o f  t he  enone 16, a new procedure was developed for  t he  dehy- 
drat ion of t he  a ldo l  intermediate 25 or 26 t o  fo rm ma in l y  the  a,@ isomer 16 ra ther  than  the  @,r isomer 30. 

Among various experimental tests that  might be applied 
to distinguish between addition reactions proceeding by a 
polar nucleophilic addition and by a two-stage reaction in- 
volving initial electron transfer,* we were encouraged to study 
0-cyclopropyl cu,P-unsaturated ketones 3 as reaction substrates 

because of the rapidity with which a cyclopropylcarbinyl 
radical 1 (see Scheme I) rearranges to a 3-butenyl radical Z3 
The nucleophilic addition of an organometallic reagent RM 
(or other nucleophile) to such an enone 3 could be expected 
to form an unrearranged product 6. However, if the initial step 


