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Alkylation of the a-carbon atom of isobutyraldehyde (3) was best accomplished by reaction of an alkyl halide
with the corresponding lithium salt 8a of the imine 7 rather than with the lithium enolate 6. Reaction of the re-
sulting alkylated aldehydes 16 with the ketone lithium enolate 20 afforded good yields of the aldols 21 which un-
derwent acid-catalyzed dehydration to form the enones 22, The enone 22d was cyclized to the cyclopentane deriv-

atives 23-25 under very mild conditions.

Our interest in the possible utilization of anion radicals 2
derived from unsaturated carbonyl compounds 1 as syn-
thetic intermediates in carbon-carbon bond forming reac-
tions led us to explore synthetic routes to enones of the
type 1. To examine possible synthetic applications involv-
ing intramolecular cyclization, we wanted enones 1 in
which the v substituent, R;, contained unsaturation. Since

CH, CH,
Rl—é—CH=CH——C—R2 R,—(—CH—CH=C—R,

earlier studies? had indicated that relatively stable anion
radicals 2 could be obtained from enones 1 when no hydro-
gen atoms were present at either the + position (i.e., Ry =
H) or the o position [e.g., Re = C(CHzg)g], we directed our
attention to the synthesis of a series of enones 1 in which
R; was an alkenyl group and Ry was a tert-butyl group.
This paper describes a satisfactory synthetic route to these
substances.

Our synthetic plan required the alkylation of isobutyral-
dehyde (3) to form the aldehydes 16 (Scheme I) containing
the desired alkenyl substituent R. Although isobutyral-

CH, Y CH, 0 dehyde (3) has been successfully alkylated in moderate
1 2 yields (15-75%) by treatment with a mixture of an alkyl ha-
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lide, aqueous 50% NaQOH, and a tetrabutylammonium salt,
this process was satisfactory only with very reactive alkyl
halides such as methyl iodide or allylic or benzylic halides.3
With less reactive alkyl halides, competing aldol condensa-
tion predominated.? We expected that competing aldol
condensation might be minimized or eliminated if the alde-
hyde 3 was converted completely to its enolate anion 6 in
an aprotic solvent before alkylation. Therefore, the lithium
enolate 6 was generated in 1,2-dimethoxyethane (DME) so-
lution either by adding the enol acetate 4 to 2 equiv of
MeLi or by adding the aldehyde 3 to a cold (0-2°) solution
of i- ProNLi.4 In each case, when the solution of the enolate
6 was treated with benzyl bromide, the desired alkylated
product 16a was accompanied by significant amounts of
the alcohol 17 as well as higher boiling material. Alcohol
and ester by-products were also produced along with the
aldehyde 16b when the lithium enolate 6 (from 4) was
treated with allyl bromide. Thus, we conclude that al-
though the lithium enolates of aldehydes (e.g., 6) can be
prepared in suitable aprotic media, the alkylation of these
enolates is complicated by reaction of the alkylated alde-
hyde products 16 with the various bases (e.g., 6, t-
BuO~Lit, i-ProN-Li*) present in the reaction mixture to
give the products of a Cannizzaro or a Tishchenko reac-
tion.5

ba
RO(CH,),CHO —=> RC(CH,,CH,0H +
16
RC(CH,),CO,~ + RC(CH,),CH,0COC(CH,)R

We, therefore, turned our attention to an alternative
synthesis for the aldehydes 16 in which the imine 7 was
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converted to its anion 8 which would serve as the nucleo-
phile in alkylation reactions. This alkylation procedure, as
originally introduced by Stork and Dowd,® involved reac-
tion of imines, such as 7, with EtMgBr to form bromomag-
nesium salts (e.g., 8b). Subsequently, many workers have
generated anions analogous to 8 employing various lithium
salts as bases to form lithium salts such as 8a.7 In the pres-
ent study we have compared the ease of converting the
imine 7 to salt 8b with EtMgBr in THF to the ease of con-
verting it to the salt 8a by reaction with i- ProNLi in DME.
The latter procedure, which forms the lithium salt 8a, was
clearly preferable. In the course of examining the formation
of solutions of salt 8a we also observed that this lithium
salt 8a attacks the solvent, DME, at temperatures above
30° to form the starting imine 7, CH3OLi, and CHy=
CHOCH;. This same type of cleavage of DME with i-
ProNLi has been observed in the temperature range 0-
10°.¢ Because of this solvent cleavage, the generation and
use of the lithium salt 8a was best accomplished by treat-
ment of a cold (—10 to 0°) solution of i-PrsNLi in DME
with the imine 7 followed by warming the solution to 10-
20°. During the subsequent addition of alkyl halide the
temperature of the exothermic reaction mixture was main-
tained in the range 20-30° to achieve reasonably rapid al-
kylation while avoiding extensive solvent cleavage. When
the reaction mixture was hydrolyzed by addition of H50,
the corresponding imines 15 could easily be isolated from
the aqueous alkaline solutions. The imines 15 were best hy-
drolyzed to form the aldehydes 16 by stirring with a mix-
ture of hexane and excess aqueous 1 M HOAc at 25°. The
conditions, which give an aqueous medium of pH ~4 corre-
sponding to the maximum rate of imine hydrolysis,® are to
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EXRERIMENTAL SECTION

Ereparstionof the EnalAcetata 4.1 -- A solution of 216 g (3.00 mol}
of ispbutyraldehyde and 36 g (0.38 mol) of KOAc in 535.5 g (4,5 mol) of A0
was refluged for 12 hr, diluted with 1 1. of pentane, and washed with three
500-ml portions of water, The pentane solution was stirred at 25° with
250 ml of saturated aguecus NaHCO, solution contalning excess NaHCO, fox
approzimately 1 hr at which time all the excese Ac;O had been hydrolyzed
(ir analysis), The organic layer was dried, concentrated, and dietilled to
separate 146, 7 g (42.8%) of the pure {glpc) enol acetate 4 as a colorless liquid,
bp 124-126°, n*® D 1.4201 [lit, bp 124-126°, n®¥ D 1.4178;% bp 126", 22° D
1,4226%]; i (GCl,), 1750 (ester C=0) 2nd 1690 em’' (enol G=C); nmr (GCL),
6 6,83 (1H, septuplet, J = 1,5 Hz, vinyl CH), 2,05 (3H, &, COCH,), and 1,46
(6H, d, J = 1.5 Ha, CH,); mass spectrum, m e (relative intensity), 114 (M*,
87), 72 (88), 57 (100), 43 (85), 41 (25), and 39 (27).

In an attempt to form the enol acetate 4 in an acid-catalyzed process,
a solution of 14,4 g (0,20 mol) of iscbutyraldehyde and 50 ml (0,54 mol) of
Ac0 tn 240 mi of CCly was treated with 0,14 ml (ga, 0.8 mmol) of aquecus
70% HCIO, and the resulting solution was allowed to stand at 25° for 3 hr. The
orange-brown reaction solution wae diluted with 160 mi of pentane and stirred
at 25° with 160 ml of saturated aqueous NaHCO, containing excess NaHCO,
until the excess Ac;O had been hydrolyzed. The resulting organic layer was
dried, concentrated, and distilled to separate 21.8 g (63%) of the pure (glpc)

acetaste 5 as a colorless liquid, bp 89+90.5° {16 mm), 0 D 1,4092 [1it, S

concentrated, Distillation of the resldual liquid afforded 12.2 g (56%) of
the bromo olefin 14, bp 91+93° (100 mm), 5% D 1.4763 [1it,2° bp 84-85°
(84-mm), n* D 1.4758]; containing (nmr analysis) ca 96% of olefin 14a and
ca 4% of olefin 14k,

To explore an alternative synthesis of the bromide 14g,™ a cold (-5%)
solution of 0. 94 mol of MeLi in 500 ml of Et,0 was treated with 37.02 g
(0.430 mol) of 8~butyrolactone and the resulting solution was allowed to warm
t0 Toom temperature during 1 hr with stirring. Water (16.9 g or 0. 94 mol)
was added, dropwise and with stirring, the ethereal solution was decanted,
and the residual semisolid was extracted with five 100-ml portions of Et;0.
The residual semisolid {containing most of the dlol) was dissolved in 500 mi
of H,0 and continuously extracted with Et,0 for 7 days. All of the Et,0 solu-
fHons were combined, dried, concentrated, and distilled to separate 26.12 §
(51.3%) of the dlol [L as a colorless liquid, bp 97-98° (3 mm}, n** D 1.4503
[1i£.2 bp 127-128° (22 xam), 0" D 1.4449]; ir (GCL,), 3600, and 3320 em™
(O-H}; nmr {pyridine),  5.42 (2H, broad, OH), 3.7-4.0 (2H, m, CH,0),
1.4-2,3 (4H, m, CHp), and 1.33 (68, s, CH,); mass epectrum, m/e (relative
intensity), 103 (1), 85 (20), 59 (100), 43 (62), 42 (8), 41 {14), end 31 (17)

A solution of 11,8g (100 mmol) of the diol 11 in 5.4 g {68 mmol} of
pyridine was added, dropwise with stirring and cooling, to 21.7 g (80 mmol)
of cold {-5°) PBr;, The reaction mixture was allowed to warm to 257, diluted
with 200 ml of Et,0, and then treated with ice to destroy the excess PBr.
The organic layer was washed successively with H;O and with agueous NaCl
and then dried and concentrated, Distillation of the residual Meuid (26,8 g)
separated 19.1 g (78 %) of the crude dibromide 12 28 a colorlesa liquid, bp
98-1040 (60 mm), 2P D 14895 [1it. 20 bp 95° (20 mm), 2 D 1,4990], Although

the product lacked ir absorption (CCL) in the 3- or b=y regions attributeble to

was tncomplete. The ratio of areas for these amr peaks did not change

after the solution had been kept at 25° for an additional three days,

Preperation of the Aldehyde 168, A, From the Imine 7. -- A cold
(~35%) solution of 50 mmol of § -Pr,NLi in 35 m! of DME was treated with
6.36 g (50 mmol) of the imine 7, The resulting solution of the lithio
imine 82 was warmed to 20° over a period of 1.3 hr and then treated, dropw
wise and with stirring daring 12 min, with 8,55 g (50 mmol) of PhCH,Bx
while the temperature of the reaction mixture was kept in fhe range 20.40°
by external cooling, When the addition was complete, the reaction mixture
{2 slurry containing solid LiBr) was stirred at 25° for 3,5 hr and then par-
titioned betwsen aqueous NaCl and B0, The ethereal solution was dried
and then concentrated under reduced pressure. Distillation of the residual
Mquid (14,6 g) separated 1.25 g of forerun, bp 35-64° (0,45 mm), 125D
15292, and 8.25 g {ca 76 %) of fractlons, bp 65-69° (0,39-0.40 mmy), n* D
1.4873.1,4883, containing (glpe, silicone fluid, SE-30, on Chromosorb P)

primarily the imine 13g (zet. time 11,4 min) accompanied by several minor

impurities (3,9 min, 4.9 min). A collected (gipe) samyle of the imine 133
was obtained as a colorless liquid, 1?9 D 1,4875; ir (CCL), 1665 and 1655 em™

(c

): nmr (CCl,), & 7.47 (1H, s, CH=N}, 7,0-7,2 (5H, m, aryl CH), 2.69
{28, s, benzylic CHp), 1.10 (9H, =, t-Bu), and 1.00 (6H, s, CH,;): mass spec-
trum, my/e (velative intensity), 217 (M¥, 19), 202 (46), 147 (34), 91 (61},
57 (100}, and 41 (23},

anal. Caled for CygHpN: G, 82.89; H, 10,67; N, 6.45. Found:
C, 83.0L; H, 10,90: N, 6.04.

The optimum conditions for hydrolyss of the imine 132 were studled
by stirring » mixture of a hexane solution of the imine 13a with various conn

centrations of aqueous HOAc.?? After various reaction times and temperatures

bp 189°]; ir (CCL), 1765 cm™ (ester C=0); amr [CCL) 8 6.51 (1H, d, J =
5.0 Hz, GH(OAC)], 1.7-2.2 (7H, m, GH including a COGCH, singlet at 2.01),
sand 0.95 (6H, d, J = 6.8 Hz, CH,); mass spectrum, m/e (relative intensity),
131 (8), 11‘5 {78), 103 (43), 71 (35), 58 (59), 44:(29), 43 {100}, 42 {39), 41 (22),
and 39 (22).
zation of th e 7,87 -~ Ieobutyraldehyde (72 g or 1,0 mol},

was added, dropwise and with stirring during 2 hr,to 73 g (1,0 mol) of
t-BuNH,, During the addition the temperature ruse from 250 to 40° and an
aqueous layer separated near the end of the addition, The organic layer
was treated with 15 g of anhydrous XK;CO,, stirred at 25" for 17 hr, and
then decanted omte 12 g of BaC. After this mixtare had been stirred at
25° for 10 hr, it was filtered and the organic filtrate wae distilled to sepa~
rate 88,3 g (70%) of the imine 7 a5 a colorless liquid, bp 56° (75 mm) [1it!é
bp 51-53° (83 mm), n?® D 1.4078]; ir {CCL), 1675 em™ (GaN); amer (CCL),
67,49 (1H, d, J =4.5 Ha, CH=N), 2.0-2.6 {IH, m, CH), 1.10 (3H, s, t-Bu),
and 1,03 (6H, d, J =7 Hz, CH,); mass spectrum, m/e (relative intensity),
127 (M7, 6), 112 {25), 72 {16), 57 (100), 56 (15), 55 {18), and 41 (27).

Brepazation of the Bromide 10, -- An ethereal solution of allylmag-
nesium bromide, from 242 g (2,00 mol] of allyl bromide, 53.5 g (2.2 g-
atom) of Mg, and 1500 ml of E40, was mixed with a slurry of 60,0 g (2,00
mol) of dry paraformaldehyde in 100 ml of E,0 and the resulting mixture
was refluxed with stirring for 6 hr,}? After the usual isolation procedure,
fractional distillation of the residual liguid through a 40-cm. spinning-band
column separated 85,5 g (45.5%) of the unnaturated alcchol § as a colorless
liguld, bp 112-1137, 2252 1,4195 [1it!® bp 115° (770 mm), D 1.4182);

ir (CCL), 3620, 3360 (OH) and 1640 cm™ (C=C); nmr (CCly), b 4,8-6.2 (3, m,

OH or C=0 functions, the nmr spectrum (CCl,) of the product exhibited
weak nmr absorption in the region 6 4.6-5,1 attributable o the vinyl CH
of unsaturated bromides 14 as well as nmr absorption atéributable

to the dibromide 12: §3.1-3.6 (2H, m, CH,Br) and 1.5-2.8 (108, m, CH,

and & GH, singlet at 1,75), A mixture of 10,9 g (45 mmol) of the crude

albromide 12 and 3.6 g (46 mmol} of pyridine was slowly warmed to 1007

and then heated at 100° for 20 min.?? The mixture was distilled to sepa~

rate 5.56 g (774) of a fraction, bp 78-877 (90 mm), n?®D 1.4758, An Et,0 solution
of thia fraction was washed successively with aqueous Na,C0y, with H,0,

and with aqueous NaGl, and then dried and concentrated, Distillation of the
rosidual liquid (464 g) afforded 3,27 g (55%) of a mixture of the bromo ole-

fins 14 bp 83.5-84,5° (85 mm), [1it.% for ol efin 145, bp 84-85° (84 mm),

¥ D 1.4758]. The nmz spectrum (CCL) of this mixture indicated the pres-
ence of ca 67 of the olefin 14 (vinyl multiplet at § 5.0-5.3) and ca 33% of

the olefin 14b (vinyl multiplet at § 4,7-4,9), Our efforts to obtain a rela~
tively pure sample of the bromo olefin 143 from this mixture were not, success -

ful,

Preparation of e Imine Salte 8. -~ A cold (=55 ta ~57%) solution of
1-Pr;NLi, prepared from 57.8 mmol of MeLi, 5,85 g (57.8 mmol) of
i-Pr,NH, 3 mg of 2,2'-Bipyridyl, and 30 ml of DME,” was treated with
6,60 g (52 mmol) of the imine 7, An aliquot of this cold solution was with-
drawn and the nmr spectra of the aliquot was determined successively at
temperatures of ~10%, 0%, 259, and 50° The solution exhibited an nmr doub-
let (I = 4.5 Hz at 6 7.55 characterlstic of the imine 7 and a braad singlet
at 8 6.38 attributable to the lithium derivative 2. In addition, the solution

at -10%, 09, and 25° exhibited weak nmr peake at 8 6,69, 6,57, and 6.45

the organic solution was separated, washed successively with aqueous
NaHCOy, H,0, and aquecus NaCl, and then dried and concentrated, Analy-
sls (glpc, silicone gum, SE-30, on Chromosorb P) of the residual liquid
determined the relative amounts of the imine 15 (retention time 7,2 min)
and the aldehyde 14a (4.7 min) present. The following procedure was
found to result in complete hydrolysis. A mixture of 16,33 g (75,2 mmal)
of the imine 132, 200 ml (200 mmol) of aqueous 1 M HOAc, and B0 ml of
hexane was stirred at 220 uader a nitrogen atmosphere for 2 hr and then
saturated with NaCl and extracted with E4,0, The organic solution was
washed successively with aqueous NaHCO, and aqueous NaCl and then dried
and concentrated, Distillation of the residual liquid (15.27 g) separated
11,4 g (ca 93) of fractions, bp 5659 (0,3.0,4 mm), containing (glpe, sili-
cone gum, SE-30, on Chromosorb P) 96% or miore of the aldehyde 16a (7.7
min) accompanied by & minor unidentified impurity (5.0 min),

A collected (glpo) sample of the pure aldehyde Lfa was obtained as a
colorless liquid, n# D 1,5072 [146.%¢ bp 57.58° {1 mm), n¥ D 1,5097), ir
{CCLy), 2800, 2770, 2690 (aldehyde, C=-H), 1725 (strong), and 1700 cm™,
(weak, G=0); uv (95 EtOH), a series of weak maxima (¢ 157-227) in the
region 242-267 mu with a maximum at 293 mu {¢ 42); nmz (CCL), § 9,48
(1H, 5, GHO), 6.8-7.3 (SH, m, aryl CH), 2.70 (2H,s, benzylic CH), and
0,97 (6H, 8, CH,); mass spectrum, m/e (relative intensity), 162 (M, 17),

2 (13), 91 (100), 65 (8), 55 (6}, and 39 (6).

in an experiment where the intermediate imine 153 was not isolated,

& solution of 50 mmol of the salt 8g in 40 ml of DME was treated with 8.54 g
(50 mmol) of PhCH,Br (temperature of the mixture 7-60°). After the reaction
mixture had been stirred at 24° for 21 hr, it was diluted with 60 ml of aqueous

10# HCI, vefluxed for 2 hr and then cooled, saturated with NaCl and extracted

House, Liang, and Weeks

vinyl CH), 3,97 (1H, broad, OH), 3.60 {ZH, t, J = 7 Hz, CH;~0}, and 2,0~
2,5 (2H, m, allylic CH,); mass spectrum, m/e (relative intensity) 72 (M”, 6),
57(7), 43 (17), 42 (100), 41 (34), 39 (24}, and 31 (74}, The product exhibited a
single glpe peak (silicone gum, No. SE-30, on Chromosorb P), Te 24.0g

(89 mmol) of cold {~15% PBx, was added, dropwise and with stirring during

2 hr with continuous cooling, a mixture of 12,2 g (170 mmol} of the alco-
hol 9 and 5,3 g (67 mmol) of pyridine. The resulting mixture, an orange
slurry, was stirred at 250 for 2 hr and then distilled to separate 17,05 g
(74.5%) of the bromide 10 s a colorless liguid, bp 96-99°, n2s D 1.4665

L (c=¢); nmr (CCly), 6 4.0~

[1it.1% bp 99°, 1% D 1.4625]; ir (GCl), 1640 cm”
6.2 (3H, m, vinyl CH), 3.34 (2H, ¢, I = 6 Hz, addition long-range coupling
elso apparent, CH;Br), and 2,3.2.8 (2H, m, allylic CHp); mass spectrum,
m/e (relative intensity}, 137 (2}, 136 (M", 4), 135 (2), 134 (M, 4), 55 (100),
41 {15), and 39 (18), Comparison of the nmr spectrum of thia product with

the spectrum of crotyl bromide established the absence of the isomeric bro-

mide in’ our product,

Preparation of the Bromide 14z, == A cold (-57) solution of 0,29 mol
of MeLi in 130 mt of Et,O was treated, dropwise and with stirring during
1 hr, with 18,3 g {0.22 mol) of methyleyclopropyl ketone, The reaction
mixture was stirred at 25° for 14 hr and then subjected to the usual isolation
procedure to separate 13,4 g (61%) of the crude alechol 13, bp 120-1227,
that contained (glpe, Carbowax 20 M on Chromosarb P} the alcohol 13 (15.3 mm,
ca 94#) accompanied by the starting ketone (9.3 min, ga 6%). A solution of
13,4 g (0,134 mol) of the crude alcohol 13 in 30 ml of olefin-free pentane was
stirred at 257 with 250 ml of aqueous 48 £ HBr for 25 min. Then an additional
100 ml of pentane was added and the organic layer was separated, washod

successively with aqueous NaCl and agueous NaHCO;, and then dried and

that we attribute to part of the vinyl CH absorption of CH;OCH=CH; from

reaction of

PryNLI with the solvent,™ The conversion of the imine 7 to

the lithiurn derivative 82 was incomplete {nmr analysis) at -10° but was
essentially complete at 0% and at 25% As the solution was warmed to 507,
the extra nmr peaks, attributable to CH, =CHOCH;, increased in size
with a corresponding decrease in the nmr peak attributable to the Mthium
reagent 82, This observation indicates that attack of the lithium derivative
8a on DME becomes a serlous competing reaction at temperatures above
s2 30° and suggests that reaction solutions in DME employing the deriva-
tive 82 are beat used within the temperature range 0 to 30°% When the
remaining solutfon of  -P,NLi In DME was warmed ¢o 50° for 5 min and
then stirred overnight at 25% 1,0 g of CH,OLi separated as a white precipin
fate. A solutlon of this precipitate in D,0 exhibited an nmr singlet at § 3,37
{CH;0) 28 well as weak singlets at 6 5,14 (OH) and 1, 16,

To verify the location of the nmr peaks attributable to CH,OCH=CH,,
a cold {~35 to ~40%) solution of 50 mmol of { -Px,NLi in 50 ml of DME was
warmed to 23° and allowed to stand for 15 hr, At this time the colox of the
2,2-bipyridyl indicator was dscharged indicating complete distruction of
the §+Px,NLi, The nmr Spectrum of this DME solution exhibited four low
field peaks at 8§ 6,69, 6,57, 6,43, and 6,33 attributable to the a-vinyl pro-
ton of CH;OCH=CH,.,

To examine the formation of the bromomagnesiuom salt 8b,¢ a solu-
tion of 6,35 g (50 Tamol) of the imine 7 and 50 mmol of EtMgBr in 44 ml of
tetrabydrofuran (THE) was refluxed for 12 hr. However, the amount of
EtH evolved (ca 100 ml) indicated that salt formation was incomplete, The
nmr spectrum of this THF solution exhibited peaks of comparable intensity
at b 7.57 {doublet, J = 4Hz, CH=N of the imine 7) and at 6 6,30 (broad, sing-

let, CH=C of the BrMg salt 8b) also indicating that formation of the salt 8%

with E,0. The ethereal solutlon was washed with aqueous NaCl, dried, and
concentrated. Distillation of the residual liquid (9,83 g) afforded 5,56 (69%)
of the aldehyde 16a, bp 55-57° {0.4-0.6 mm), n®® D 1,5066, containing (glpc)
one minor (ca 1) lower boiling impurity, In a comparable cxperiment involv.
ing hydrolysis of the imine 15a for 1 hr, the initial neutral product isolated,
bp 53-600 (0.3-0.4 rm), 1% D 1,5083, amounted to only 2.73 g (34 ). When
the acldic aquecus layer was made basic (NaOH} and extracted with Et;0, dis-
H)lation of the organic extract afforded an additional 2.65 g (ca 32 %) of pro-
duct, bp 55.64° (0.8 mm), n?® D 1,4986-1,5002, containing {glpe) mixtures
of the aldehyde L6z and the unchanged imine 152 as well a8 minox amounts of
lower boiling materials,

B, From the Li

tun Enolate 6. =~ To a cold (5-10%) solution of

50 mmol of MeLi and 3 mg of 2,2'-bipyridyl (an indicator) in 40 ml of DME

was added, dropwise and with stirring during 25 min, 2.71 g (23,7 mmol) of

the enol acetate 4.” The resulting pink (slight excess of MeLi) solution of

the lithium enolate § wae warmed to 25° and then treated with 8.55 g (50 mmol)
of benzy) bromide, The reactlon mixture was stirred at 30-40° (externalcool-
ing required initlally) for 45 min and then a 25-mi aliquot of the mixture (total
volume 67 mil) was partitioned between saturated aqueous NaHCO, and hexane,
The remaining aqueous phase was extracted with ether and the combined organic
extracts wore dried and concentrated. Distillation of the residual liquid (3.20 g)
separated 1,21 g of fractions, bp 88-96° (5 mm), and 0,49 of fractions, bp
61-89° (0,4 mm), The early fractions contained (glpc, silicone gum, SE-30,

on Ghromosorh P) varying amounts of PhCH;Br (5,3 min) and the aldehyde



Synthesis of y-Alkenyl «,8-Unsaturated Ketones

62 {8.6 Tain] and later {ractions contatned these two componerts accom-

panied 5y the aleokol 17

{114 mir} ard Soenyyl (23,6 minl, The estimated
vields were: aldehyce Lz, 19¢; aleohol 17, 77 biberzyl, 9%; and PRCH,Br,
29% recovery, When the remainder of the reaction mixture was stirred for
20 kr at 25 and fhen subjected to the same isclatien procedure, the crude

product contained {ir and

= analysis) none of the desired aldshyde 14a,

Froma comparable reaction empicying a reaction time of 1 hir at 25-41%, and

ar additional 37 mir at zeflux, the

timated vields were: aldehyde 132, 12%;

alchol 17, 20%; bibenayl, 23%; and PACH,Br, 32 recovery, “hen he reace

tion time was shortened o 2,5 min at

5-23% only PhCHBr {ca 30% recovery)
=nd Sibenzyl {zg 10 %) were found, Collecrsd (glnc] samples of bibenzy: and the

ed with authentic sam

aldehyde Lpg were :dent: les by comparison of ir and

mmr spectra and glpc retention times. A coliected

¢} sample of the alco-

kol 17 was obtained a6 a colorless liguid [1it. 27 mp 33-356, bp 12¢-124% (14 mx)];

1x (CCL}, 343C anc 3390 em™ (OH); rms (CCY), €7

3.27 (2K, e, CH0), 2,93 {1

=, CH), 2,55 (25, s, benzylic CH,), and 2.84

(BE, s, CH,): mass spectrum, mje (relstive intensity), 164 (M, 15), 92 {92}

91 {102), 73 {25}, 35 (22}, and 43 (12},

Since the major difficulsy in this rea

on appezred to arise roma

Canrizzars rezetion of the in:

fally formed 2ldehyde 16a caused by the bases
{t-BuOLt and §) present in the reaction mixture, we also sxarnined the preva-
ration of the litkdum enolate by direct reaction of isobuiyraléchyce with

1-PwNLi, To e cold (0-2% solutior, of 5¢ mmol of 1-Pr;NLi in 40 mi of DME

was added, ¢x

peiae and with stirring and cooling during 20 rin, a solution

ol £.10 g (&3 m

1) of ischutyraldehyde in 5 ml of DME.2 The resulting pink

(elight excess of : -Pr,NLi) scluticr was warmed ta 21%, stirres ¢ 21-237 for

Zreparation of the Aldebyde 16c, ~- 4 solution of 50 ramot of the

salt Ba in 35 ml of DME was treated with 6.75 g (30 mmol} of the sromo

clefin |2 during 15 mir while the reaction temperature was kept at 25-3%%,

The =

product indicated the presence of the imine 155 iver, time 11,4 min} zccom-

danied by minor amounts of two impurizies (10,8 and 12,6 min} beHeved to

be isomeric imines 18a. These &

182 removed by ¢

lec

on (gloe, TCEP column) to give 2 semple of the partiaily purified imine

15¢ 2 @ colorless Liquid, n¥ D 1,4310; ir (CCL), 1663 (C=N], 1638 (C=C),

1

995 and 920 em™ (CH=CHEy}i nmr [CCL), 6 7.40 (1K, &, CE=NI, 4,7-6,1

(3K, m, vinyl CHI, 1,2-2,2 (45

m, CHpl, 1,10 {9, s, t-3u}, and 1.00

spectrum, m/e [relative intensityl, 181 {M~, 0,5), 166

{21}, 71 {28, 37 1100), 35 {32}, anc 41 (32},

Hydrolvsis of 5,7 g (31,4 mmol) of the crude imine L3c with 30 ml of hexane

{ the crude aldehyde 165

ard 100 ml of aqueous 1 M HOAc ylelded 2. %€ g {75 %)

as a colorless liquid, bp £3-64° (17 mm, 5% D 1,425C, This product contained

(glpe, TCEP or Chroriosorb ¥ primarily the aldehyce 16¢ {ret. time 33,8 win)

accomparied by & miror impurity (ca, 10%, 29,0 min) thought to be the isor

aléehyde 18h, 4 colleced (gloe sample of the producs thought to be aldehyde 15b,

wae obtaired as a colorless liguid; ir {CCl), 2810, 2780, 270¢ (aldehyde

0), and 982 em™ (trans Ct

CH!;

sityd, 126 WV, 72, 111 (88, 198 (313, 97

singlet 3t 1.00); mass spectram m e (rela

128 (a0t <1}, 99 (48), 7 {100}, 37 (37), 33 157), 43 {34), 41 (97), and

29 (53},

Brezsration of the Kewols 21,5 A, Kerol 21s. -- Toa cold (-30%)

solurion Pr,NLi, from 10,0 mmol of MeLi, 1.11 g (11 mmol) of

1-PrNE, 3 mg of 2,2'-5idyridyl, and 10 ml of EO, was added dropwiae
and with stirring during I min, 1,00 g {10 mmol) of pinscolene. The result-

ing brown selution was stirred at 5C to -600 for 0

ard ther. 1,62 g {10

mmol) of the aldehyde 1€a was added, dropwite and with stirring curing | min,

The resulting light yellow solution was stirred at -357 for 15 min and then 4¢ ml

of ice cold aqueous | M HCI was added. The mixture was saturated with NaCl
and extracted with E70. The ethereal extract was washed successively

with aqueous NaHCO; and with agueous NaCl and then dried and concentrated.

The residual e ketol 2la amounted to 2.30 g {95 ) of white salid, mp

1 5-65%, which exhibited a single spot (R, 0,65) on tlc analysis lsilice coat-
ing with E,0-hexane [1:1 v~4) as eluent]. Recrystallization from hexane
afforded the pure ketol 213 as white leaflets, mp 70-70,3% ir (CC1,), 3450

{asaocizted OH) and 1690 cm™' (C=

, Ewbonded); vy (95 % BtOR), a series

of weak marxima (€ 251 or less) in the region 242-248 m. with & maximum

at 285 mp [¢ 39 nmr (CCLY, § 7.0-7.3 (53, m, aryl CH), 5.62 {1H, d of 4,

8.6 and 3 Hz, CH-0), 3.20 (1H, broad, OH, exchenged with D,0), 2,3~
3.0 {43, =, CH,CO and benzylic CKi, 1.1¢ (9H, s, t-Bu), 0,89 (3H, s, CH,)

and €,80 (34, 3, CH,}

i mass spectrnm, w/e (relative intensity), 244 (27},

187 (68), 163 (63}, 162 {93), 189 (831, 147 (70}, 145 {62], 133 (54], 119 (67,

6}, 105 (74), 100 {61], 92 i66), 91 (1301, 69 [64), 57 (73], and 43 (61},

Aral, Caled for CyHyOy: C, 77.82,

9.99. Found: C, 77.90;

H, §.97.

30 min, and then treated with 8,54 g (50 mmolj of PhCH, 3. The result.

ing mixturs was stirred at 21-33 for 20 m

and frer. povred into 4¢ mwl

of cold aqueous 10% HCl, saturated with NaCl, and extracted with Et,0.
The organic solution was washed successively with agueous 5% HC1 and
with agueous NaCl arc ther driec ené concentrated. Distillation of fae

residual liguid {10, § g separated 7,5C ¢

ractions, bp 33-987 (0,3-0,4

rera), conteining (glpe) various amounts of PhCH, Bx, aldehyde 133, and alzo-

hol 17 as well as other mincr uniden:

fied products, The estimared vields

were: aldehyde 16a, 40%; 2lechol 17, 6%; and PhGH,Br, 319 recovery.

o tlon of tre Aldehyde 16b, A. From the Emamine.' Fellowing

2 previous procedure,’® the pyrrolidine enamine of ischutyr:

ldehyde wes

prepared in 71% yleld; bp 93957 (160 mm), 0¥ D 1.4724 (Mit. 43-£4° {12 mm), 282

33 1.474129], Reaction of 15,1 g (125 mamel) of ally! bromide (5p 67-70%)

wAth 15,6 ¢ (125 mmol} of this enamine for 20 hr at ambient temperarure ol

lowed by hydrolysis with aquecus 2 M HCl afforded 4,112 g [29%) of the

vreaturated aldehycde 15bse a colorless liguid, bp 123-125% n¥* D 1.4189-

. BT 1.4203]; ix (CCL,}, 2303, 270D (aldehyde CEI,

€), 995 and 920 em” (CH=CH,); amr (CCL), b 9,47

(L, &, CHO), 4.8-6.1 (3H, m, vinyl CH}, 2,19 (2, doft, 7 = 7,2 and

0.6 He, allyllc CHy), and 3,03 {65, s, CH,} mass speciTum m /o [relative
intensity), 112 (M, 4), 97 32), 24 (41), 34 (23), 83 (75}, 70 (75, 69 [64],

67(27), 85 (91}, 55 (106}, 33 {30), &3 (79), 42 (31}, &1 {79, and 29 {61},

An attempt ta prepare e aldehyde [8h by reaction of the lithium eno-

Iate & (from easl acetate 4) with zllyl bromide in DME afforded a complex
mixture that contained (i and gloc) the aldehyde 14k accompanied by alcohol

and ezter products 2s well &5 other unidentified materials,

A collected (glpe} sample of the sléehyde Lig was obtained as a colorless

iquid, £ D 1.4233; ir (CCLy), 2810, 2780, 2700 [aldehyde C}, 1725
(G=0}, 164¢ (C=C), 1200,2ad 325 cm™ (CH=CH,); nmr {CCL}, § 9,43

(4, £, CHO}, £,7-8,2 { m, vinyl CEl, 1,3-2.2 {4E, m, CH;}, ané

e s o
223 spectrum m /e (relative intensity), 126 (M7, <1},

1,04 (63, =, CH);
97 {9), 82 (13), 72 (33), 63 (3}, 57 (15], 56 (18], 25 {100}, 42 (24}, 41 {36},
and 32 (15).

Anal, Caled for CH,O: C, 76.14; E, 1[.18. Found: C, 76.14:

* DME was treated with 8,2 g {50 mmol} of *he bromice

L4a curing 13 min and the resulting

iwture was stirred at 28% for 15 hr.

Afzer folloving the previously described isoiation procedure, distillation

15 mir}, contais

separsted ! lowr-b g “raction, bp 30597

2g €

{glpc, TCE® on Chromosorb P) the bromide

m
fca 73%, ret, time 18,5

min), the imine 154 (ez 9% 20,1 min), and seversl miror unidentificd

components (3.5 min}, Subsequent distillation fractions armounted to 1.4 g,

%p 61-108° (15 mm), containing {gipc] the dromide 14 (ca 42 %) ant the imine

bp 199-110° (13 mm), conmtairing (glpc) the bromide

13d {ca 58%) and 5.9

4

s5 (g2 5%} and the imine 13d {ca 95%), Thue, e total yleld of imine 134
was c2 59%. A pure sample of the imine 13¢ was collected (glpc) as a color-
“

(C=N}i mmr (CCL), 0 7,40

uid, n?f D 1.4421; 87 (CCL), 1663 em

{1¥, &, CH=X}, 4,6-5,2 {13, m, viryl CH), 1.2-2,2 (10K, m, CH, and

¢ CHyl, 1128

2}, and 0,96 (6H, 5, CH;C); mass epectrum,

1 e (rel,

intensity], 200 (M7, 12, 194 (2], 127 {18C}, 112 (57), 71 (54), and

43 (381,

3o Kelal 21b. .- When the same procedure was followed with

23,9 rmol of § ~Pr,NLi, 15 20 of B0, 2,29 g i23,9 m

el cf pinacolone,
&nd 3.13 g of the crude aldekyde 143 (conteining 23, § mmol of 12b}, ¢he

residual colorless liquid procuct (4, 96 g} contalned [tlc, silica coswin,

eluent EO-hexare (111 v &) primarily the aldol 21b (R, 0,52} 2cvompanted

by a minos unidentified comzonent (R, 222}, A 20, 5-mg sortion was chroma-
tograshed lacid-washed silicic aci?, E5O-hexene (112 v eluent] to sepa-

vate 19.2 my of the major componers, the ketol 211, as a colorless Hquid,

ir {CCL), 3940 [associated OH}, 1692 (€=0, Habonded), 1635

(C=Cl, 1005, and 923 em™' (CH:

CH; mrer (CCL), € 4.8-6.2 (3H, m, viagl

CE 3.63 [1H, dof 4, J = ¥and 3 Bz, CH-O), 2,55 (1H, broad, exchanged
with 2;0, OH}, 1.9-2.7 [4F, m, CH;CO, and allylic CHy), 1,13 (321, s, ¢~

Buj, 0.8 (3H, s, CH,), ard 0.86 (3K,

s CHy)i mass spectrum mye (relativi

intensity), 194 (<1}, 133!

- 137 13), 100 {17}, 85 (10}, 57 {1cC), 3¢ {z¢),
35 (75}, 43 (38}, £1 {90f, and 39 (22],

Calcd for CiyEnOy: C, 7

3 H, 11,39,

Az attempt to purify the crude ketel 21k by short-path Zistilation

afforded a coloriess liquid, bp 25-4

{15 mm), z?

1.4319, which con-

ed {te) primarily the ketsl 215 (R, 0.54), accompanied by two minox

unidentified mezertals (R, 0.50 and 0,12},

. -- The same proceduze with 1€ mmol of { -Pr,No4,

10 sl of B0, 1.00 g {1¢ mmol of piracolore, and 1,26 g {10 ramol) of the
aldehyde Lhe vielded 2,08 g 192%) of the crude ketol Zlc a¢ 2 cclorless liguid,
This cTude product contained [tlc, silica gel coatng with an E%O-hexane eluet

¢

2 vV primarily the ketol 21g (R, 0.69) accompanied By several mincr
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From the Imine 7, .. A solution of 100 mmo!

he £alt §g in
90 1 of DME wasz treated with 12,1 g {100 mmol} of ally! bromide during
25 min while the temperature was meintained in the range 19-40% by uce

of external cooling. After the mixture had seen stirred at 23° for 12 hr

and then subjected to the previoualy descrived isolation procedure, di
lation separated 12.5 g [75%) of the crads imine 19h as  colorless liquid

fractions, hp 24-36° {10-14 mm),

7D 1,£210-1,4265, The later frac-
tion: from the distilletion, 5» 53-56° (14 mml, n?* D 1,4260-1,4265, cor-
sained {glpc, TCEP on Chromosorb Pl the pure imine 15 (zet, time 10.4

the imine 15b was collected {glpc); ix {CCly),

min), An analy¥ical sample

1665 [C=N), 1640 (C=C}, 1000, and 925 cm™ (CH=CH,): nmr (CCL,), 6 .42

(I3, s, CH=N}, 4.8-6.0 [3K, m, viayl CH}, 2.12 (24, &, [ =7 Hz, allylic
CH,), 1,10 {9H, s, t-Bul, and 0.96 {8H, s, CH,}; mass spectrum m/e (rel,

vh 167 (57, 21, 152 {161, 112 40}, 111 (15}, 36 (38), 84 (11}, 70 17),

insen
57 (100}, 85 (271, and 41 {32},

Anal, Caled for CplyN: C, 78,97 H, 12,65 N, 8,37, Found: C,
78,96, 12.85: N, 8,36,

Use of the previously described hydrolysis procecure with £,68 g

30 mmel) of aque=

{60 mmol) of the imine 15k, 20 ml of bexare,

ous I M EOAc afforded 7,33 g of low-boiling Zractions, bp 30-42° (135 mwm),

and 3,81 g (804! of the crude aldehyde 14D as a colorless liquid, bp 79-51°
(135 mm}, n?* D 1,4140, This product exhibited one major glac peak {TCEP
on Chromosorb P) corresponding to the aléehyde 1€b (cs. 86% 20,2 min)

d by minor wnidensified (9.6 min, 23.2 min). The pro-

duct was identified with the previously cescribed sample of the aldehyde 15h

by comparison of ir specira,

Azal. Celed for CpFe.»N: G, 80.31: H, 13,08 N, 6.69.

Fownd: C, 80,28 K, 12,96 N, 6,73,

Hydrolysis of 4.85 g {22 mmol) of the imine 184 wits 25 ml of

hexane =ad 73 ml of aqueous 1 M HOAc yielded 2,87 g (82 #) of the
aldshyde 15d, bp 81-84° (15 mm}, which. showed a single glpe peak

{silicone SE-30 on Chromoserh P, reh ‘ime 15.2 min). A oollected
{zlpc) semple of the aidehyde Lgd was obtained as a colorless liguid,

PPD 1.4417; ir {CCL), 261¢, 2785, 2705 (aldehyde CH) and 1727 om™

[

2.2 [1CE, m, CH, and allylic CEy}, and .02 (6H, ¢, CHy)j msss spectrum,

(]

tinmr {CCLJ, & 9,43 [1H, s, CHO), 4.8-3,3 (IH, m, viayl CH), 1,2-

s irel, tatensity), 15¢ (MY, 13, 83 (81), 82 (82), 72 (56}, 49 {75, 67 (8],

56 125), 55 {47}, and 41 (2CC),

Anal, Caled for GigHyO1 C, 77,865 H, <, 77,88

¥, 11,76,

Prepazation of the Aldehyde lhe. -- A cold {69) solusion of 50 mmol
of the lithio derivative 82 1a 4C mrl of DME was treated with 4,85 g (50 mmsl)

BuBr ard the resulting mixtuze, which leltially warmad o ca 507, was

stirred at 23° for 19 hr. The mixture was diluwted with 40 m of aqueous 10%
HCL, refluxsd for 1,5 hr, and then subjected to the previous izolation pro-
cedure to cenasate 2. 94 g of distillate, bp 43-32° (20-80 mm), that contained
(glze, silicone gum, 5E-20, or Chromosard P} the desired aldebyde Lhe
(10,8 mein, estimated yield 43 %) accompanied by severa! minor, move rapicly
sluteé components. A collected (glpe} samole of the pure aldehyde Lbg wes

ohtaired as n colorless Mguid, a¥ D 1.4121

P bp 49° (5 mem),

D 1.4140];

{CCly), 2805, 2759, 2707 {aldehyde CHI, 2nd 1725 cm”

G=0); amr (CCL,

5 5,38 (1H, s, CHO}, 1.1-1.5 {83, m, CE,l, and 0.8-1.1 {9, m, CH,

unidentifies eomponsns (R, 0,77, 0,42, and £.18), A 1.26%-g sample
of this cruds product was chromatograshed or 16C g of acid-washad silieic

acid employing an ether-hexane mixture (115 v &) 25 the eluert, The inter-

medizze

zctions contained {tlc] the par

& coloriess iguid, 1.4557; ir (CCL), 3620 {shoulder), 3540 (OH),

1695 {E-bonded C=0], 1442 {C=C), 1090,and 920 er="' {CH=CH;}i nm

{CCL), ©4.7-6.2 {3H, m, vinyl CH}, 3.71 (1K, d of 4, I = 3 and 3 Eq,

CE-0}, 3,11 {1H, bread, OH), 1.2-2.6 (6H, m,

b 1,12 (9, 5, te3u)

€.83 {3H, s, CH,}, and 0.87 3H, s, CE;

D. Kewl 2!
16 re of EfG, |

procedure with 17,5 mmol of

5g (17,

mmol} of Dinacolone, and 2,70 ¢ {17.5 mmol) of

the aldenyde 142 yielded 4.3 g {37%) of he crude ketol 21¢ as a white solid,

The sz spectrur (GCL) of thie crude product exhidlted a multip!

ot 2t

54.5-5.3 [vinyl CH of 218} 25 well as & weak mu

olet at § 4.3-4.8 prob-
2kly attributable to some of the isomer 2B With a terminal douile bond.
Repeated recrystallization from hexane separated the pure xetol 214 as white
reedles, mp 35-56,5% ir (CCLy), 3540 ibroad, ON} ard 1690 em™' (E-bended

€=0); amr {CCL}, §4,8-5,3 1K, m,

vinyl CH), 4.68 (1H, dof D, J = 3,8

and 3,2 Ee, carbinol CK}

12 {1H, Bbroad, OH}, 2.3-2.8 (2H, m, CH,CO},

1.8-2,2 (2K, m,

lic CHy), 1,66 53, broag, ¢, aliyic CHy), 1.62 (31

brosd s, allyide CHy, 1.2-1.6 (2H, m, CH 4(SH, =, £~Bul, 9,99 and

9.96 (5K, two pariially vesolved singlets, CHi): mass spectrum, m/e (rel.

63 (70},
67 140, 57 {100}, 56 (38, 55 (3¢}, <3 {36}, and 41 (
H;:02 C, 75.33; H, 11,39, Found: G, 75,63
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of the Enones 22, A, Enore 22a, -- A solution of

2.50 g (9,5 mmo}) of the crude ketol Zla and 131 mg (0, 67 mmol) of

2-TsOH in 45 ml of PHH was boiled until 2 ml of the PhH-F,0 azeotrope

had been distilled and then the solution was cooled and washed successively
with agueous NaCl, with aqueous NaHCO,, and with aqueous NaCl. After

the organic solution had been dried and concentrated, the residual liquid
(2.37 ) was distilled under reduced pressure in a short~path still to sepa-
rete 1,90 g (ca 90 §) of the crude trans-enone 224 as & colorless Nquid, p*

D 1.5052, bp 162-164° (8 mm), which exhibited one major gipe (silicone
gum, SE-30, on Chromosorb P} peak corresponding to the enone 22z (7.8 min)
accompanied by a minor, more rapidly eluted impurity (1.1 min), A collected
(gipc) sample of the pure enone 22a was obtained as 2 colorless liquid, n> D
1.5055. The product was also purified by erystalllzation from hexane at Dry
Ice tamperature to separate the enone 228 as white needles, mp 34-34, 5%

ir {CCL), 1685 (confugated C=0}, 1620 (C=C), and 980 cm”’ {trans CH=CH);

uv max (95% EtOH), 230 mu (¢ 11,200} nmr {CCL), 8 6.7-7.3 (6H, m, sxyl
CH and I vinyl CH), 6,13 (1H, 4, J = 15,5 Hz, vinyl CH), 2.63 (2§, s, ban-
zylic CHy), and 1.04 (18H, 5, t-Bu and CH;); mass spectrum, m/e (relative
intensity), 244 (M7, 32), 187 (91), 159 {90), 148 (9¢), 91 (100), 69 (59), 57
(74), and 43 (40).
&nal, Caled for CuteOi C, 83.55; ¥, 9.90, Found: C, 83,67;H, 9,86,
B.Enone 22k

ketol 21 and 132 mg (0.7 manol) of p-TsOH in 90 ml of PhH was botled for

-- After a solution of 2,12 g (10 mmol} of the crude

10 min, during which time 15 ml of distillate was removed, application of the
usual isolation procedure separated 2.46 g of residual colorless liquid, A 963-mg.
portion of the crude product was distilled to separate 733 mg (96 %) of colox-

less liquid, bp 44° (25 mm), £ D 1.4617, This material exhibited one major

97 (71), 8% (26), 69 (91}, 57 (100), 55 (42}, 43 (32), and 41 (84},
Anal. Geled for CiHzeO: C, 81,29: H, 11,94, Found: C, 81.52;
H, 12.10,

When the reaction time or the amount of TeOH catalyst used in this
dehydration procedure was increased, the crude product contained (glpe,
silicone SE-30 on Chromosorb F) various mixtures of the cyclized products
25 {ret. time 18,0 min), 24 (23,4 min), and 23 (21,8 min) as well as the
enone 224 (28.0 min) and a component thought to be enone 28 (26,2 min),
When a PhH solution of 6,1 mmol of the aldol 214 and ¢. 2 rmo} of TsOK
was refluxed for 60 min before product isolation, the product ylelds were
estimatsd (glpc and nmr analysie) to be 594 of 25, 5% of 24, and 3% of 23,
From a comparable reaction employing a reflux period of only 10 min, the
eatimated yields were 1% of 25, 8% of 24, 60% of 23, 3% of 224 and 4% of 28,

A collected (glpe) sample of the ketone 28 wae obtained as white

-t

needles, mp 31% 1r {CCly), 1710 em™ (C=0); uv (95% EtOH), end absorption

with ¢ 2700 at 210 mp; mass spectrum, m/e (rel, intensity), 236 (M*, 3),

glpe peak {silicone gum, SE-30, on Chromesorb P) corresponding to the
enone 22b (13,2 min), A collected (gloc) sample of the pure enone 22b was
Shtatned ac a colorlese lquid, n** D 1.4567; ir (CCL), 1688 (conjugated

©=0}, 1640 (C=C), 1620 {conjugated C=C), 920, and 900 cm"’

(CH=CH, and
trans CH=CH); uv max (95 £ ELOH), 230 mu (¢ 11,800), and 321 mw (¢ 63);
nmr (CCL), 6 6.81 (16, 4, J = 15,5 Hz, vinyl CH), 6,32 (1E, d, J = 15,5 Ha,
vinyl CH}, 4.7-6.0 (3H, m, vinyl CH), 2,15 (2H, d, J = 6.5 Hz, further
partially resolved splitting apparent, allylic CHy), 1.14 (9H, 5, t-Bu), and
HRIA
153 (22), 137 (60), 109 [33), 95 (32), 85 {18), 69 (28), 47 (37), BT (100), and
41 (48),

1.09 (6H, s, CHy); mass spectrum, m/e (relative intensity), 194 (M

Anal, Caled for CyHuO: G, 80,35; H, 11,41, Found: C, 80.4%;
H, 11.43.

. Enone 22¢. -~ A solution of 717 mg (3.2 mmol) of the crude ketol
21g and 44,8 mg (0. 24 mmol) of p-TeOH in 30 ml of PhH wae refluxed for 10
min and then subjected to the usual isolation procedure. Distillation of the
erude tiquid product (710 mg) in & short-path stll separated 578 mg (37F) of
the enone 22¢ a3 & colorless liquid, bp 31-50° (B mm) that contained (glpe, sili-
cone SE-30 on Chromosorb P) primarily the enone 22¢ (ret. time 19,1 min)
accompanied by a minor unidentified impurity (4,7 min), A collected {glpe)
sample of the enone 22¢, 12D 1,4589, was uséd for characterization; tr (CCl),
1685 {conjugated G=0), 1640 (C=C), 1620 (conjugated C=C), 995 and 925 em™
(CH,=CH and trans CH=CH); nmr (CCL), 6 6,80 (1H, d, J = 15,5 He, vinyl
CHJ, 6.32 (1, 4, J = 15,5 Hz, vinyl CH), 5.7-6,1 (3H, m, CH=CH,), 1.2-
2.3 (4H, m. CHy), 1.12 (9H, &, t-Bu), and 1.08 (6H, s, CH;); uv max (95%
XtOH), 230 mii (¢ 11,800), and 321 mu (¢ 64); mass spectrum, m/e (rel,
Intenaity), 208 (MF, 12), 193 (5), 151 {100), 123 (31), 109 (30), 107 (41), 95

(25), 81 (71), 69 (68), 67 (46), BT (95), 55 (47), 43 (24), 41 (85), and 39 {20},

23
@ {3) H(9)
{CH,),CH CH; - C=C,
' zé [clx)-r COC(é:i)) 3 é(fi) Ew & &
| X AN E CH,COC(CH;),y

@ me” \(c/ fhoor 1 fr«‘H(

i i
©) me ClCHy), (8 (10 or 11} H,C C(CHy);

(3 and 6}

2 E

A collected (glpc) sample of the minor cyclized product 24 war
abtained as & liquid: ir (CCLy), 1705 em™ {G=0); nmr (CCL,), & 1.8-3.1
(58, m, sllylic CH and CH; and CH,CO), 1.58 (6, broad, s, allylic CHy),
1.1.1.5 (2H, m, CHy), 1,07 (9H, &, £-Bu), 0,92 (3, s, CHy), 2nd 0,83
(3H, s, CH,); mass spectrum, m/e (vel. intensity), 236 (M7, 5), 221 (),
137 (18), 121 {18), 95 (20}, 85 (15}, 57 (100), and 41 (20),

Anal. Caled for CugHpsO: C, 81,29 H, 11,94, Found: G, 81,29 H, 11,97,

& collected {glpc) sample of ketone 23 was obtained as a liquid that

-1

eolidified at 15% ir {GCl), 1705 (C=0}, 1640 (C=C), and 900 em™ {C=CHy);

mass spectrum, m /e (rel. intensity), 236 (M, 3), 221 (10), 136 (27), 121

House, Liang, and Weeks

21

Anal,"Caled for CHyuO: €, 80,71; H, 11,61, Found: G, 81,06;
H, 11.80

In an alternative purification procedure, 500 mg of the crude enone
222 was repeatedly crystallized {rom hexane at Dry lee temperatures to
separate the enone 22¢ 86 & colorless erystalline solid that remained solid
when stored at -8%,

D Enone 22d, - A solution of 0,54 g (2.1 mmol) of the crude aldol

214 and 5 mg (0,003 mmol) of TsOH in 20 ml of PhH was refluxed for 10 min
and then subjected to the usual isolation procedure, The nmr spectrum (GGl
of the crude product indicated the presence of both the desired enone 224 {ea
844, vinyl CH at b 4,8-5.3} and a second minor component believed to be the
double bond tsomer 28 [ca 164, vinyl CHat & 45048 17 (CCL), 1680 (conju-

gated C==0), 1620 {C=C), and 900 cm"’

(C=rCH,)]. When the same reaction
was repeated with 230 mg of the pure aldol 21d, the crude enone product
(204 mg) again contained (nmr analysia) a mixture of ca 83 % of the enone 32¢
and ca 174 of a contaminant believed to be enone 28, A 200.mg sample of the
crude enone was partially purified by preparative tlc employing a silica gel
GF-254 coating with an Et,O-hexane mixture (3:97 v v) as the eluent, This
procedurs separated 130 mg of a fraction (Ry 0,5) of cotorless liquid that con-
tained (nmr analysis) primarily the enone 224 eccompanied by a small amount
of the double bond isomer 2§. Repeated recrystallization of this material from
hexane at Dry Ice temperatures separated 80 mg of the pure enone 224
as white needles, mp 22°% ir (CCly), 1690 (conjugated C=0), 1620 {cona
jugated C==C}, and 985 cm™’ (trans CH=CH); uv max (95§ EtOH), 229
mu {¢ 13,300) and 323 mu (¢ 68); nmr (CCL), § 6,84, 6,39 (2H, AB pate
terp with J = 16 Hz, trans CH==CH), 4.8-5.3 (1H, m, vinyl CH), 1,2-2,2
(10H, m, including two broad pesks at 1. 68 and 1,58, CH, and allylic CHy),
1.14 (9H, s,

£-Bu), and 1.08 (6H, s, CHy); mass spectrum, /e (rel. inten-
+

ssity), 236 (M7, 12), 221 (45), 179 (32}, 155 (26), 123 (26}, 121 (30), 109 (30),

d both with 4 ling and with off.

proton

decoupling, The chemical shift assignments, indicated tn ppm In the accom-

panying , are ible both with the off.
experiments and with expected chemical shift values for carban atoms fn

similar environments.>

1262 a4

M\

38,0 155,5  190,0 26,3

Ciy ——C{GH, ), GH o= CHCOC(CHy )y

f 48,7 26,3 1208 43,0
127.7
and 222
1305
134.3 36,7 135.4 203,8 26,3

H,C === CHCH, C(CH, ), CH T=CHCOC(CH, )y

. - 17,6 46,5 26,3 120,5 42.9
95 (16), 57 {100}, 43 (25), and 41 {19); wmr (CCL}, 6 3,10 (2H, broad, CH,CO), (89), 109 (26), 95 (70), 91 (25), 87 (24), 57 (100), and 41 {41); nmr (CCY),
2,0-2,5 (3H, m, CH and allylic CH), 1,3-1.8 (2H, m, CHy), 1,16 {94, s, & 4,5-4.7 (2H, m, vinyl CH), 2,1-2.4 (3H, m, allylic CH and CH,;C0O), L.3-
1143 416 36,7 1559 204.1 26,6
£-Bu), 0,95 (6H, d, J = 7 He, CH,}, and 0.86 {€H, 3, CHy), Whena CCl solu- 1.8 {(7TH, m, CH; and allylic CH;), 1.10 (9, s, t-Bu), 0,98 (3H, s, CHy), l
tion of the ketone 25 was treated with successive increments of the nmr ehift and 0,82 {3H, 5, CH,), When a CCl, solution of the ketone 23 was treated with HpComm %HCH{CH;C(CH;)Z == CHCOC(CEL )y
reagent Eu (dpm),, the relative shifts, 48, for the various protons followed the successive increments of the nmr shift reagent, Bu(fodly, the relative shifts, 138.8 29,1 26.6 120,5 43.0
order indicated in the structure 29 (whers No. 1 represents the largest shift 46, for the various protons followed the order indicated in structure 30 {where 22¢
and No. 7 the smallest), No. 1 1s the largest shift).
Ansl, Caled for CygHzO: Cy 81,293 H, 11,94, Found: C, 81.48;
Anal, Calcd for CieHeO: G, 81.2%: H, 11,04, Found: C, 81.33; 13,3 425 gg 1862 24,2 26,4

H, 12.09.
H, 11.97,

nmr spectrum of each of these enones was meagured in GDClLy solution 23,6

with added TMS as an internal standard.

be preferred over the original procedure (refluxing aqueous
10% mineral acid)® since the hydrolysis is faster and acid-
catalyzed side reactions (e.g., double-bond isomerization)
are largely avoided. By attention to the foregoing details,
each of the desired aldehydes 16 was synthesized in good
yield and contamination of aldehydes 16¢ and 16d with
their double-bond isomers 18b and 19b was minimized.

With the aldehydes 16 in hand, application of a previous-
ly described® aldol condensation procedure in which each
aldehyde 16 was added to a cold (—40 to —50°) ether solu-
tion of the lithium enolate 20 (Scheme II) produced the
aldol products 21 in high yield. Subsequent dehydration of
the aldols 21 with a catalytic amount of TsOH in PhH af-
forded the indicated trans enones 22, three of which could
be isolated as low-melting crystalline materials.

Although the conditions used for the acid-catalyzed de-
hydration of the aldols 21a, 21b, and 2l¢ to the corre-
sponding enones 22 were not particularly critical (ca 0.1
molar equiv of TsOH in boiling PhH), the enone 22d
proved to be especially prone to subsequent acid-catalyzed
cyclization. Thus, attempts to dehydrate the aldol 21d with
0.1 molar equiv of TsOH in boiling PhH formed primarily

3¢ NMR Spectra of the Enones 22, -« The natural abundance 2C

v
(CHy ) Com CHCH, GH, C(GH, )y CH==CHCOG(CHy )y
i P

124.6 23.5 26,4 120,4 43.1

an
In each cese the spectrum was 17,6

224

the cyclic keto olefins 23-25, presumably by successive con-
version of the enone 22d to the carbonium ion intermedi-
ates 26 and 27. With much less acid catalyst (ca 0.001
molar equiv) and a short reaction time, the dehydration
reaction could be stopped at the desired stage to form the
enone 22d. The ease of this acid-catalyzed cyclization 22a
— 23-25 is, of course, gratifying support for our expecta-
tion that cyclization of electron-deficient intermediates de-
rived from the enone 22d will be a favorable process.
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Reduction of Phenyl Trifluoromethyl Ketone with Halomagnesium

Alkoxides. An Almost Irreversible Meerwein-Ponndorf-Verley-Type

System
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Pheny! trifluoromethyl ketone is reduced rapidly by both primary and secondary bromomagnesium alkoxides
to phenyltrifluoromethylcarbinol (as the bromomagnesium salt). Using deuterium-labled alkoxides and chiral al-
koxides it was shown that whereas Meerwein—Ponndorf-Verley-type reduction of phenyl trifluoromethyl ketone
is facile, the alkoxide produced has little tendency to transfer its hydride to acceptor carbonyl compounds present
in the reaction mixture. The electron-withdrawing inductive effect of the trifluoromethyl group is believed to be

responsible for this behavior.

Meerwein-Ponndorf-Verley-type reductions (MPV re-
ductions) are equilibrium reactions!? which show a strong
preference for the formation of primary alcoholate and ke-
tone in equilibria involving primary and secondary alcoho-
lates® (eq 1). A few examples of reductions of ketones by

O— metal

RCHO + R'—CH—R’" —

RCH,O0—metal + R*"—C—R” (0

primary alcoholates have been reported4 but in these cases
the reaction was forced to completion by distillation of the
aldehyde as it was formed.

In agreement with the above view of the MPV-type reac-
tion we found that treatment of isopropyl phenyl ketone
with 2-phenyl-1-butoxymagnesium bromide in ether-ben-
zene at room temperature for 3 days gave no detectable
(glpc) amount of isopropylphenylcarbinol after hydrolysis
{eq 2). In contrast, we found that phenyl trifluoromethyl

“ 3 days
Ph—C—Pri + CH3CH2(|3HCH201\rIgBr -

Ph
OMgBr

Ph—CH—Pr¢ + CH,CH,CHCHO (2)
Ph



