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ORGANOMETALLIC REAGENTS IN ORGANIC
SYNTHESIS—V'?

AN ORGANOCUPRATE CONJUGATE ADDITION—ALDOL CONDENSATION
SYNTHETIC PROCEDURE FOR SEQUENTIAL PORMATION OF TWO
CARBON-CARBON BONDS

KM K. HENG and RosIN A. J. SwaTe®
Chemistry Departmeat, University of Otago, Duncdia, New Zealand

(Received in the UK 24 July 1978)

Abstract—The caolates produced from the comjugatc sdditios reactioa of lithimm dislkylcuprates with a,8-
unsaturated ketonos react with aldehydes ia the preseace of zinc chioride to give overall f-alkyl a-hydroxyalkyl
addition to the original alkene. Reaction of these enolates with carboa dioxide and ethyl formate is also reported.

We were interested in the potential use of the amionic
intermediates A (Scheme 1) resulting from conjugate
additioa reactions to aS-unsaturated ketomes for direct
utilization in the formation of a carbon-carbon bood at
the a-position of the original enone.

This sequence results in an overall S-followed by
a-C-C bond formation process and has several attractive
applications in organic synthesis. During the period of
this investigation several reports have appeared of
similar synthetic schemes using alkyl babides' acyl
halides,” chloroformate u}u&" m." sulphinyl
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vield of
Yield of (33
Enone R Rl Product ,_ toi 180 ?oono (\; Structure
methyl vinyl Bu e (1} 928 18¢1) {(19)
ketone P ze? (2) 6s¢ 1741) (20)
mesityl oxide He Mo {3 96,77
»e rtd (4) s0®
»e P %) 72%
we piome)Pnt  (6) «*
Bu zed %)) 9ydre
M pnh (0) 8s%f
3-panten-2-one [ b (9 7388
bensalacetone Ne He {10} [ 3]
1-phenyl-3- " e an 910 67(11), (21}
psnten-2-one $6(I)
30(1)
cyclohaxenons Me He {12) L 24 23“”’ (22)
3-mathyl- e He (13 98 98(11) (23
cyclohexenone
- 4
3,5.5-trimethyl »e Me 1 82¢ 93(n)°, (24
cyclohexsnons 36¢11)
~ _ali9)_
16-methyl-a e e (s 7% £0(1), e
octal-2-one as{11y

- -

“10 Equivalents of R'CHO were usod unless statad otherwise, st 0°C.
*Reaction with 1 equivalent of R'CHO.

“Isolated yield of puriied product ualess stated otherwise.
“Determined by 'H NMR asalysis of the crude reaction mixture.
*Diasterecisomeric mixture of S-ketols (see Table 3).
Reaction carried out ot ~78°.

"Method I: CHOWHCY, method II: p-toluese sulphomic scid/benzone.

i the
geoeral structure 16 did not readily dehydrate. The an excess (10 equivs) of aldehyde was generally used. In
yields were generally with Jower yield noted  the formation of 3, use of one equivalent of acetaldehyde
mmeuabﬁi!ydtigepompk_xl(&bemenm fowered the yield from 969 to 77%. For the less volatile

aldehydes one equivalent of aldehyde was used simply to

The structures for the products followed routinely facilitate workup. A brief study of the effect of the

from spectroscopic analysis, especially using ‘H NMR change in reaction conditions on the yield of S (Tabie 2)
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Table 2. Effect of temperature aad reaction time oa yield of (5)
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hols.® The problem of the definitive determination of
stereochemistry of S-ketols is at preseat under in-
veu?aMlnthcmﬁmdvin;l.Meebﬁﬂmu

work and, in order to produce stable compounds for
structural analysis, several S-ketols were dehydrated to
the less labile a.8-unsaturated ketones. In particulas, the
stereochemistry of 1 and 2 ascer-
tained and these materials subjected to immediate
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Tuable 3. Stereochemistry of S-ketols and dohydrated products
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19: Ri.Re=Me; Ry =Bu; R.=H
20: R,=Me; Re=Et; Ry=Bu; R. = H
21: R, = CHPh; Ro, R, Re = Mo
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threo (13)
Table 4 Varistion of reistive amowsts of S-ketol
disstorsoisomers

erythro (12)
Scheme 4

(resction time = $ min.)

8-Ketol ™hreo, thro ratio

o° -1°

4 7.4 2.8

(s) 1.0 2.0

(6) 0.2 1.8

(7) 2.5 5.5

() - 0.8

9 - 1.8

ars

3(C-7Me) %or Eu(fod), Additon

. the reactioa

e

2: R, Re=H
23: R, =Me; Re=H
24: R\, Ry = Mo

g5

2¢

diazomethane to give the ester 29 as a mixture of the
keto and emol tautomers (Scheme ).

Reactions of vinyl copper intermediates with OO,
under specific conditions have also been reported.™

Reactions of A (Scheme 1) with ethyl formate also
proceeded readily (Scheme 6) in the absence of added
ligands, ¢.g. cyclobexenone (see Experimental).

Conclusive structural determimation of the products
from these reactions have, to date, been hindered by a
facile decarbonylation process. Attempts to traasform

products into stable compounds by acyl-

mwmumm"a
reductive mvmh!,lnamodd
study, reaction of 39° with BF;-McOH™ was found to
occur rapidly at room temperature to give the complex

b, ppem

Fig. 1. 'H NMR chemical shifts changs for successive addition of Ba(fod), to B-(22).
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31™ which oo further treatmest gave 32 in good yield.
Repetition of this procedure using benzalacetone gave a
product whose 'H NMR is consistent with 33 (Scheme
7). This result implies cither lack of regioselectivity of A
or, alternatively, a rearangement process diwing the

OMe

33

in degroes Celsine and are corrected. IR spectra weore
on Perkin Elmor model 357 and 137 spec-
trophotometers. Solid samples weore examined in Nujol and liquid
samples a3 liquid flms unless stated otharwise. :

'H NMR spoctrs were recorded at 998 MHz in FT mode with

appoarasce -resonamce  decoupling
(S.F.ORD.). Mass spectra were recorded nsing a Varisn MAT
CH-7 mass spectrometer with an ionizing voltage of 0eV.

Chromatography (a) tic were obtaimed using Merck
the aduminiam roll silica gel “F, strips with a layer thickness of
00mm () layer chromatograms (pic) were
obtained oo glass (20 cm x 20 cm or 20 cm x 50 cm) costed

with Merck sitica gti PFase. :e With 2 layer thickness of 1.23 mes.
B=cther, He

]



Purification of a sample (100 mg) by pic (JOE: 0H) gave pure
ketone (65mg. 65%); re.. () 1695, 1665, 730, &0
(pheaycm™’'; NMR 8 1.83 3H, d of d, Jax = THz, Jax = 1.5 Hz,
C-5 Me), 3.77 2H, s, C-1 beazylic protoas), 6.10 (1H, d of q,

presence of dnc chioride
procedure. The cacae (1 mmole) in cther (1 ml) was
added to0 a sola of lithinm (Mo;CulLi; 2 mmoles)

followed by the aldehyde (10 meoies). After stirring for S min at
0° (or -78°), the reactioa was pomred isto 10% NH/C1 (100 i),
which gave a biwe aqueous phase and the mixtwre was then
extracted with ether.

Lithinm di-a-butyicuprate (Bu,Culi) resctios were carried
out in the same manmer ot - 78"

Dehydration of p-ketols

Typical procedures. Method 1.>* The aldol product (1 mmole,
was added to CHCl (15 ml) previously saturated with gasoous
HQ for Smin and the sola stired st room temp. wotd tic
indicatod compietion of reaction. The mixture was thea washed
with st NaHOO, (3x), sat NaQl (2x), dried (NaxSOy) aad
cvaporated.

Method IL The aldol product i beazese (10mi/mmole)

-~

product.

(E)-3-Exhylidensocton-2-one (19). Methyl vinyl ketome with
Bu,CuLi at -78° folowed by acetaldehyde st 0° gave a crude 1
(1598, 92%); rau. (fim) 3350 (OH), 1700 (C=O)cmm'; NMR
8095m), 1.28(m), 22I(m), 3.6Xm), which was immedintely
debydrated (Method I) to afford a crede mixtwre (3 spots tk).
Purification by p.lc. (20E : 80H) gave pure (E)-3-ethylidensoctan-
2-one (19) (B mg, 15%); vay(lim) 1675(C=0), 164K(C=C)cm”";
NMR 8092 (3H, t, J = 6 Hz, C-8 methyl), 1.27 BH, m, C4, C-$,
C-6, C-7 methylenes), 1.85 3H, d, J = 7 Hz, «CHCHy), 24 COH,

s, “O0OCHL), 6.65 (1H, g, J = 7 Hz, «CHCH)); -/cmon.m
125.46 (m*®, 154-139), 83, @, 55, 43 (besc peak), 41, B.
24 had

1.08 (6H, m, C-8 Me and =CH-CH,CH)), 128 (6H, m, C-$, C6,
C-7 methylenes), 215-240 (4H, m, C4 methylcac aad =CH-
CHrCHy), 228 (3H, 3, 6354 (IH, t, J = 7Hz, «CH-
CHyCHy); mje 168 ("), 139, 115.01 (m®, 168-139), 111, 83, 65,
53, 43 (base pesk), 41, 36.45 (m®, £3-55), 29.

2.4-Digitropbeaylh ydrazose had m.p. 97° (Fousd: C, 53.61;
7.03; N, 1586, CnHyN/Os requires: C, 58.60; H, 694; N
16.09%).

Threo - 3 - (V' - Hydroxyethyl) - 4,4 - dimethyipentan - 2 - one
(3). Mesityl oxide with Me,CuLi followed by acetaldehyde as
described gave tic pure threo - 3 - (I’ - Aydroxyethyl) - 44 -
dimethylpenton - 2 - one 3 (152mg, 96%); ya:(lim) 3410(OH),
1695(C=0)cm”"; NMR & 1.07 OH, s, t-Bu), 1.18 3H. d, J = THz,
-CH(OH)CHs), 2.18 (3H, 3, -COCH.), 258 (1H, d, J = 7 Hz, C-3
methine), 4.13 (IH, m, J=7Hz, -CHKOH)CHy); ''C NMR
S D.4q), B.13q), 33.&s), 35.4q). 67.95(2d), 212.5(s); m/e 102
(M*-CJHy), 101 (M"-C.Hy), 99 (base peak).

of the reaction using acetaldehyde (0.056ml,
1 mmole) gave tic pure 3 (121 mg, 77%), as indicated by tic and
NMR.

Oxidation of $ (158 mg, | mmole) gave 3-1-butyl-24-pentone-
dione (9 mg, 63%); va.(Hm) 1740, 1700 )em ™'
NMR 3 1.18 (5H, s, t-Bu), 2.15 (6H, s, -OOCH,), 3.95 (1H, s, C-3
methine).

Diastervoisomeric 3 - (I’ - hydroxypropyl) - 4,4 - dimethyl-
pentan - 2 - one (€). Mesityl oxide with Me,CuLi followed by
Mydeudaabedu-?l‘ gave diasterecisomeric 3 -
(1' - hydroxypropyl) - 44 - dimethylpenton - 2 - one 4 (126 mg,
73%). Purification by pic (SOE: SOH) gave, ia order of decreasing
Ry; erythso 3 - (1’ - hydroxypropyl) - 4.4 - dimethylpentan - 2 - one
21 g, 129%); yau(lim) 19OH), 1GHC=0) cn'; NMR 8 1.02
(3H, t, J =4 Hz, -CH(OH) CH,CH,), 1.07 OH, 3, 1-Bu), 1.28
(2H, m, -CH(OH) CHCH,), 2.23 (3H, s, -COCH,), 2.57 (IH, s
broad, C-3 methine), 3.13 (1H, s broad, OH), 3.77 (IH, t broad,
~CEH(OH)E1). The doubiet at & 2.57 collapeed to a singlet when
the adjecest -CH(OH)EL peak at 8 3.77 was irradisted. ''C
NMR 8 10.4q), 2.13q), 31.Xt), 34.1(s), 36.2(q), 63.4d), T2.6(d),
216.4(s); and threo 3 - (1' - Hydroxypropy) - 4,4 - dimethylpentan
-2 - one (S8mag, 34%); rau(lim) 3360(OH), 1700(C=0)cm™";
NMR 8 1.03 (3H, t, J = SHz, -CH(OH) CH,CH), 1.07 OH, s,
t-Bu), 133 (2H, m, -CH(OH) CH,CH,), 1.90 (1H, s broad, OH),
217 3H, s, -COCHy), 2.9 (1H, d, J = 9 Hz, C-3 methine), 3.83
(1H, d of t, I =9 Hz, IHz, -CH(OH)E). The doublet at 2.5
collapsed to a singiet whea the adjacest -CH(OH)EL peak at
8343 was imradisted. When the C-3 methine at $2.99 was
irradiated, the multiplet at 8 3.83 collapeed to 4 kimes of equal
inteasity st 227, D1, 234, 37 Hz. '’C NMR & 10.2(qQ), 2.1(3q + 1),
33.409), 35. I(QL 6. 1(d), BAd), 212.%s).

Repetition of the reaction st 0° gave dimsterecisomeric 4
(126 mg, 73%). Purification by pic gave erythro (10 mg, 65) and
threo (74 mg, 44%) isomers.

Diastersoisomeric 3 - (I' - Aydroxyberzyl) - 44 - dimethyi-
penian - 2 - one (5). Mesityl oxide with Me;Culi followed by
beazaldehyde at —78° gave a mixture (204 mg) of beazaldehyde
(4lq)|admk$(163wmw

x

™, Vaus (ujol) MONOH), 1MNC=0), 3040, %8, 710
(phesyDca™'; NMR 8 1.13 (9H, 3, t-Bu), 1.56 (3H, s, -COCH),
250 (1H, d,J = 10 Hz, C-3 methine), 3.80 (1H, 5, broad, OH), 450
(IH, 4, J = 10 Hz, -CB(OH)PY), 7.3 (SH, s, phoayl). The C-3
methine at $290 collapeed to 2 singlet whea the adjacest -
CH(OH)Ph peak ot §4.90 wae irradisted and sice sersa. C
NMR $2320q), 342(4), M4&q), 61.Xd), 15.0d), 12730d), .
127.9(4), 122.4(2d), 143.s), 211.%(s); m/e 220 (M), 163, 144, 107,
105, 95 (base poak), 8597 (m®, 114-99), 9, 77, 36.47 (m*, 10S-T7),
5204 (m®, 220-107), 43. (Found: C, 76.54; H, 9.00; C,HwO;
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requires: C, 76.32; H, 9.15%); exythro 3 - (I' - hydraxybemzyl) -
44 - dimethylpanion - 2 - one (480g, 2%) ruus(fin) MGO(OH),
1700 (broad, CnOY, 1197, llssuyiwn).m.m 760, 700
(pheayDcm™'; NMR 8 1.09 OH, 3, t-Bu), 134 O
zx(m.u-:.saz.csnuﬁu).m(msmao. o7
(1H, s broad, -CE(OHIPY), 7.23 (SH, 3, pheayl). The dowbict of
c-suhn:wmwammum
~CH(OH)PS peak ot § 5.07 was irradisted and cice versa. NMR
(CDY) 80393 (5H, s, t-Bu), 1.55 (3H, s, -OOCHy, 2.58 (
J=3SHz, C-3 mothing), 3.75 (1H, ¢ broad, OH), 495 (1
J=35Hs, -CH(OHPY), 7.13 (SH, s, phemyl. "'C
8 22903q), 34.1(s}, 33.Xq), 66.5(d), 72.7((0. 125.3Q4), 127

128.202d), 144.1(s), 215.8s). mie 220(M"), 114, 107, 9% (
pesk), 8597 (m®, 114-99), 9, 77, 43, 18.68 (m®, 99-43). (Found:
C, %648; H, 9.08. C,Hx0, requires: C, %.32; H,9.19%).

é
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1-Phemy -2- tM 1.3 butanedione (18). Oxidation of
threo $ (185 mg, 0.54 oumole) gave tic pure 1 - phanyl - 2 -1 -
dutyl - 1,3 - dutamedione 18 (108 mg, 59%); tp. 62°; yeus (Nujol)
1700, 16% VM&). 1220, 1180 (wryl ketome), 758, 688
(pbeayl) coa™"; NMR {100 MHz] 8 1.13 (9H, s, t-Bu), 219 OH, »,
-mcuo.usua.s.cznmxw-m.mm(m..
pheayD); C NMR 8 28.603Q), X.Ag), 35.Xs), 89.d), 128.200),
128.72d), 133.Xd), 138.5), 197.0(s), 203.4(s); mje 218 (M"), 162
(M-CHy), 161 (M°-CHy) (base peak), 105, 77, 6848 (m°,
161-109), 36.47 (m*, 105-77). (Fownd: C, 77.26; H, 8.19. CLHwO:
requires: C, 77.03; H, 8.31%).

Repetition of the oxidatios using eythro § (I85mg,
w-&)mm&mu(o-..m)
Diastereolsomeric 3 - (1' - hydroxy - I' - p - methoxyphenyl-
methyl) - 44 - dimethylpenten - 2 - m(‘) Mosityl oxide
(2mmole) with MeyCuli (4 mmoies) followed by p-metboxy-
benzaldehyde (2 mmnoles) at —78° gave 2 crude mixture (4 spots
&)Mwnﬁdh#(ﬂ)ﬂﬂﬂ)md«hmd

methyl) - 44 -
vau(lim) 3400OH), 1714C=0), lM—C—O—C}. %S

twted aryl)cm~'s NMR {100 MHz] 8 1.15 (OH, s, t-Bu), 1.61 (3H,
s, -COCH), 293 (IH, d, ] = 10 Hz, C-3 methine), 3.76 (OH, s,
-OCHy). 488 (IH, 4, ] = 10 Hz, ~-CE(OH)Ar), 6.81, 7.22 (4H, AB
system, Jaa =9 Hz, sromatic protoms); m/e 250 (M*), 193, 137
(base peak), 135, 99, 45, 44, 43, 31; p-methoxybenzaidehyde
(91 mg); exythro 3 - (1' - Aydroxy - 1’ - p - methoxyphenyimethyl) -
44 - dimethyipentan - 2 - au(‘)(ﬂq.lm.r...(h)m
(OH), 1708, 16890 (C=0), 1245 =C-0-O), 1178, 1110, 1035, ¢
WMQ"; NMR {100 MHz] 8 1.02 OH, s, t-Bu),
195 (H, 5, -00CH,), 289 (1H, 4, J = 4.5 Hz, C-3 methine), .78

i
i

7%} sad erytiro (194 mg, 9%) isomers.
1 - p - Mehoxyphenyl - 2 - 1 - butyl - 1,3 - dutamedione.
Oxidation of threo 6 (145mg, 0.58 smole) gave pure | - p -
Wl - 2t - butyl - 1,3 - butamedione (54 g, 39%);
vas (Hm) 1720, 1666, 1600 (cnclic S-diketone), 1263 («C-0-C),
1170, 1028, B33 (pewbstitated CiH cm™'; NMR [100 MHz) 8
1.13 OH, s, t-Bu), 216 OH, s, -COCHy), 385 OH, s, -OCH)),

4,46 (1H, 3, C-2 methine), 6.94, 795
sromatic protoms); mie 248 (M),

dimethylocten
- 2 - ome (7). Mesityl oxide with Bu;Culi followed by pro-
piosaidehyde gave s mixture (158 mg) which after pic (30E: 70H),

K KHowamd R AL S

gave in order of decreasing Re: 44 - Dimethyloctan - 2 - ome
(B-c.l&).umhﬂ - (V' - hydroxypropyl) - 44 - dimethyloc-
ton -2 - ome 7 (17Tmg, %), ro. (lim) S0 (OH), 163 (O0)
' MBO.Q-I.W(IZH.-.C-&C-CM.Q-
CHOHCH,CH,). 127 (BH, =, C-5, C-6, C-7 methylenes and
~CHOHCH.CHy), 2.23 (3H, s, -COCH)), 267 (IH, d, Jyx =
1.5 Hz, C-3 methiss), 3.20 (1H, s, broad, OH}, 3713 (1H, d ol ¢,
Jax = 1.5 Hz, Jax = 6 Ha, -CH(OH)EL). m/e 214 (M), 116 (M-

- 44 - dimethyloctan - 2 - one 7 (5 mg,
44%); 7epe (i) 3400 (OH), 1700 (C~O) cm™'; NMR [100 MHz) §
091, 096, 190, 1.06 (I2H, m, C4, C3 mothyls and -

-COCHy). 274 (1H, d.lax-lﬂx.c3nuﬂn).3.ﬂ(m dofd
of 4, Jux=8 Hz, Jxx=8 Hz, Jax = 3.5 Hz, -CH(OH)EY). The
peak at 8 2.74 collapecd 10 a singlet whea the peak at § 3.57 was
irradiated. Whon the peak at 8§ 2.74 was irmadiated, the peak ot 8
l.l?eohndlotlhs(ddd.)u-sm.ln-”ﬁz). "
4 (@), K3 (Q, BIS (1, 257 (@, 26.1 ¢+, DA ),

Ql. (), 41.2(1), 652 (d), N.2(d), 2125 (s).

Ropetition of this reaction ot 0* gave diasterecisomeric 7
{198 mg, 97%), as indicated by NMR aad tic. Purification by pk
gave the erythro (34 mg) and threo (35 mg) isomers.

3 - (11 - Dimethylpentyl) - 24 - hexanedione. Oxidation of
threo 7 (52 mg, 0.24 mmole) gave pure 3 - (1',1' - dimethylpensy) -
u-wm ON); ree (Em) 1725, 1650 (8-
&kaonc) “MMMOH.U = 7 Hz, C6 Me), 1.05 (OH,
5, C 5 mothyls), 1.3 (6H, m, C.2, C.Y, C4' methylones),
m H.&-(X)CB,).ZQWL‘J-?H:.C-SW).S“
{1H, 5, C-3 methine). (Fownd: C, 73.82; H, 11.05. C;)HaO
requires: C, 73.53; H, 11.39%).

Repetition of the oxidation with erythro 7 (21 mg, 0.] mmole)

“E

ca
C38 Me), 1.06, 115 (6H. »,
methyh), 1.27-1.72 (6H, m, C-5, C-6, C-7 methylcnes), 1.54 OH,
s, “OOCHL), 2.12 (1H, s broad, OH), 3.03 (1H, d, J = W0 He, C-3
methine), 493 (IH, 4, J=10Hz, -CH(OH)PY), 7.27 (SH, s,

(CDy) 8 093 (3H, m, C8 Me), 1.13-1.52 (6H, m, C-$, C-6, C-7
methyleaes), 1.06, 1.20 (GH, s, C4 methyk), 1.3 (OH, 3, -
COCHy), 287 (1H, &, J = 10 Hz, C-3 methine), 483 (1H, 4, ] = 10
Hz, -CH(OH)PY), 7.30 (SH, s, pheny]). 'C NMR 8 142 (g), .5
@), 25.5 (g), 26.0 (q), 26.1 (1), 346 (@), 369 (s), 41.2 (1), 66.X,
748 (d), 127.1 (2d), 1278 (d), 128.4 (2d), 143.5 (s), 2119 (s); amd
erythro 3 - (I’ - hydroxybenzyl) - 44 - dimethyloctan - 2 - one 8
(252 mg, 49%); raee (im) 3390 (OH), 1700 (C=0), N0,
m";maox(ﬂuuue's).m(m.-.cs
C-6, C-7 methylenes), 1.90 (H, 3, -COCHy), 295 (1H, 4, J=3
Hz, C-3 methine), 407 (1H, d, 1= 8 Hz, OH), 507 (IH, d of 4,
J=3 Hz, 8 Hy, -CH(OH)PY), 7.25 (SH. s, phesyl). The peak st &
2.9% collapeed 10 2 singiet whes the adjacent peak &t § 507 was
irradiated and sice serse. NMR (CiDy) 8 085-1.20 (OH, m, C-8
methyl aad C-5, C6, C-7 methylenes), 093, 1.07 (6H, s, C4
Me's), 1.58 (OH, s, -COCHy), 277 (IH, d, J=35 Hz, C)
methine), 393 (1H, s broad, OH), 498 (IH, s broad,
QﬁO&M).‘IJO(SH.t.M"CMOI‘.I(q).ZM().
25.7 (), 26.0 (q), 26.1 (1), 35.9 (q), 369 (s), 41.2 (1), 4.8 (d), T24
(D, 1253 (2, 127.1 (), 1283 (2d), 1443 (s), 2158 (s).
Diasterecisomeric 3 - (1' - hydroxybensyl) - 4 - mathylpenton -
2- one (9. 3-Pantan-2-ont with Me;CuLi followed by benzaide-
byde st - 78 gave a crude mixture, which oa pic (SOE:SO0H),
mhmdm& benxaldehyde (48 mg); threo 3 -
(1’ - hydroxybenzyl) - 4 - methylpontam - 2 - m’@q.m)'
Paax (Bim) 3320 (OH), 1700 (C=0), 755, 700 (pheayD) ca™'; NMR
8 102 (B, d, J=T74Hz, C4 Me's), 176 OH, s, m:).
192-2.43 (IH, =, C4 methine), 2.93 (1H. d of 4, hix =83 Hz,

¥
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(IH, m, C4 ine), 2.77 (1H, d of 4, Jux =83 Hz, Jaa =44
Hz, C-3 mothine), 4.90 (1H, d, Juex = 8.3 Hz, -CH(OH)PY), 6.599
(1H, 5, OH), 7.27 (SH, 4, pheayl); NMR (acetome-ds) 8 1.02 (6H,
d, J =17 Hz, C4 Me's), 1.8 (3H, s, -OCOCH), 215-2.58 (1H, m,
C-4 methine), 298 (1H, d of d, Jux = 9.5 Hz, Jar = 4.5 Hz, C-3
methine), 4.90 (1H, d, Jux = 9.5 Hz, -CH(OH)Ph), 6.60 (1H, s,
OH), 7.23 (SH, s, pheayl). (Found: C, 7548; H, 8.54; C;HuO:
requires: C, 75.69; H, 8.80%); arythso 3 - (I’ - hydroxybemzyl) - 4 -
methylpentar - 2 - one 9 (6] mg, 30NW); ree. (fim) 3330 (OH),
1710 (C=0), 760, 700 (phesyl) cmv™'; NMR 8 092, 107 (6H, d,
J=THz, C4 Me's), 186 (3H, 3, -COCHiy), 213 (IH, o, C4
methine), 2.73 (1H, d of d, Juex = $ Hz, Jasg = 8 Hz, C-3 mcthine),
3.52 (1H, s broad, OH), 4.95 (1H, d. Jux = S Hz, -CE(OHIPY),
7.28 (SH, 3, pheayl). When the peak at 3 4.95 was irradiated, the
adjacent pesk at § 2.73 collapsed to a doublet (J = § Hz). NMR
(CeDy) 8 0.75, 085 (6H, d, J=6 Hz, C4 Me's), 161 OH, s,
-C0CH,), 202 (1H, m, C4 methine), 252 (1H, d of d, Juex=$
Hz, Jass = § Hz, C-3 methine), 3.43 (1H, s broed, OH) 487 (1H, d,
hx = S Hz, -CH(OH)PY), 7.25 (SH, 3, phenyl); NMR (acetone-
dJ 8 085, 092 (6H, d, J=66 Hz, C4 Me's), 1.84 (OH, s,
-O0CH,), 2.68-3.03 (3H, m, C-3, C4 methines and OH), 493
(1H, d, J = 7 Hz, -CH(OH)PY), 7.31 (SH, s, pheayl). (Fouad: C,
75.25; H, 8.52. C,;HsO; requires: C, 75.69; H, 8.80%).
2 - IsopropX - 1 - phemyl - 13 - butanedione. Oxidation of
threo 9 (41 mg, 0.2 mmole) gave pure 2 - isopropyl - | - pheayl -
13 - butanedione (24 mg, 99%); ¥ e (fim) 3350 (OH), 1738, 1720
(diketoae), 1680 (emotic f-diketone), 762, &7 (phenyl) ca™;
NMR 8§ 0.90, 0.98 (6H, d, J =7 Hz, -CH(CHa)h), 2.14 (3H, 3,
~COCH)), 2.50-2.92 (1H, m, -CH(CHa)»), 4.21 (1H, d, J = 10 Hz,
C-2 methine), 7.23-7.53, 7.78-8.05 (SH, m, pheayl).

Repetition of the oxidatios with erythro 9 (20 mg, 0.1 mmole)
gave the same product.

Diasterevisomeric 3 - (1’ - kydroxyethyl) - 4 - phenylpenten - 2 -
one (10). Beazalacetone (4 mmoles) with MeyCuli (8 mmoles)
followed by ZaCh: (8 memoles) and acetaldehyde (40 mmoles),
gave a diasterecisomeric mixture (3 spots tc) of 3 - (1 -
hydroxyethyl) - 4 - phenyipentan - 2 - one 10 (G0 mg, 83%).
Separation by pic (70E : 30H) gave in order of decreasing R, three
dissterecisomers 1, II and L

Isomer | (19 mg, %), v (iim) 3400 (OH), 1710, 1695
(C~0), 764, 700 (pheayl) cm~'; NMR (100 MHz) 8 1.07 (H, d,
J =7 Hz, -CH(OH)CH)), 1.24 3H, d, J = 7 Hz, C-5 methyl), 2.24
(3H, s, <COCHs), 2.99 (TH, s broad, OH), 275 (1H,d of d, J = 4,
11 Hz, C-3 methine), 3.28 (1H,dof q. J=11 Hz, J=7 Hz, C4
methine), 3.5 (1H, broad m, J = 4 Hz, J = 7 Hz, -CH{OH)CHy),
7.3 (SH, s, pbeayl). Whea the peak at 3 1.24 was irradiated, the
adjaceat peak st § 3.28 collapeed to & dowbiet (J = 1] Hz). Whes
the peak at & 3.28 was irradiated, the doublet ot 8 1.24 collapeed
to a singlet. When the peak at § 3.9 was irradiated, the adjaceat
d of d collapeed to a doublet (J = 11 Hz) and the dowbiet at 8 1.07

10 a singlet. ''C NMR & 19.7 (), 2.3 (@), 34.5 (@), 96
(d), 64.4 (d), 68.7 (d), 126.7 (d)‘ 127.4 (2d), 128.6 (2d), 4.1 &l).
i C {'H} experiments™ showed the 'H

J = 6 Hz, -CH{OH)CH, 1.22 (3H, d, J = 6 Hz, C-5 methyl), 209
(3H, 5, -COCH,), 3.08-3.17 (2H, m, C-3 and C4 methincs), 3.7
(IH, m, 4 Bmes: 366, 373, 379, 334 Hz (relative intonsitios
1:2:2:1), -CH(OH)CH,), 724 (SH, s, pbeayl). When the

sorption ot 8 3.08-3.17 was irradisted, the doubiet at &
collapsed to a singlet. *C NMR 8 19.6 (2q), 34.6 (@), 9.1 (d), 64.5

(d), 679 (d), 1287 (d), 1273 (2d), 128.8 (2d), 144.5 (3), 212.1 (s);
m/e 206 M), 161, 105 (base pesk), 43.

Isomer 1M1 (21 mg, 27%); veun (lim) 3550 (OH), 170 (C=O),
764, 708 (pheayD) cm~'; NMR 3 1.9 (6H, d, ) = 6 Hz, C-3 methyl
aad -CH(OH)CHs), 190 (3H, s, <OOCH), 217 (1H, s broad,
OH), 3.07-3.17 (2H, m, C-3 aad C4 methines), 4.18 (IH, m, 7
limes: S, 290, 251, 256, 262 Hz (relative imtenmsity
1:1:2:3:3:2:1), <CH(OH)CH)), 7.19 (SH. s, pheayl). When the
sbeorption at 8 3.07-3.17 was iradisted, the doublet at 8 1.30
appeared a3 3 Enes (75, 78, 81 Hz [reiative intensities 1.2:1.1:1])

8 4.18 collapeed 1o a quartet (J = 6 Hz). °C
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(2d), 128.4 (2d), 144.8 (s), 212.2 (3); m/e 206 (M), 161,
(base peak), 43. (Found: C, 75.90: H, 8.43. C,,H /O,
C, 75.6; H, .00%).
- (I' - hydroxyethyl) - 4 - methyl - | -
phenyipenten - 2 - one (11). 1 - Pheay] - 3 - pesten - 2 - one with
Me CuLi followed by acetaldehyde gave diastereoisomeric 3 - (I’
- kydroxyethyl) - 4 - methyl - | - phenylpentan - 2 - one 11 (2
so0ts oa tic) (00 mg); va.. (Bm) 3315 (OH), 1705 (C=O0), 732
(pheay) cm'; NMR 8 085-127 OH, m, C4 Me's aad
~CH(OH)CHh), 2.08-3.00 GH, m, OH, C-3 and C4 methincs), 3.73
(H, 3. C-1 bearylic protoms), 404 (IH, m, J=7Hz,
OH)CH,), 7.18 (SH, s, phenyl). Attempted separation by
plc (SOE: SOH) resukted in decomposition.
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drated (method II) to give a mixture (90 mg). Purification by
chroestography was not successful as the compounds have very
similer R, values. From NMR of the mixture it could be deduced
that the mixture contaimed: (E) - | - Phenyl - 3 - isopropyl - 3 -
pemten - 2 - one (21) (56%); vau. (Him) 1660 (C=0), 1620 (C=C),
66S, 650 (pbeayl) cm™'; NMR 8 1.10 (6H, d, ] = 7 Hz, C4 Me's),
184 3H, d, J = 7 Hz, «CHCH,), 267-3.12 (1H, m, J = 7 Hz, C4
methine), 387 (2H, 3, C-1 beazylic protoas), 6.57 (1H, q, J =7
Hz, =CHCH,), 7.17 (SH, s, pheoyl); (2) - | - Pheryl - 3 -
isopropyl - 3 - penten - 2 - one (21) (12%); aex (film) 1660 (C=0),
1620 (C=C), 663, 650 (phesyl) csn™'; NMR 8 1.10 (6H. d, ) = THz,
C4 Me's), 1.65 OH, d, J =7 Hz, =CHCH,), 2.67-3.12 (IH, =,
J =7 Hz, C4 methine), 3.90 (2H, s, C-1 beazylic protoas), 5.53.
(1H, Q J =2 Hz, THz, =CHCHy), 7.17 (SH, s, pheayl); and 4 -
methyl - | - phenylpentan - 2 - one®® (32%).

Repetition of the dehydratios (method I) gave (E)-isomer
(41%), (D)-isomer (15%), diastereoisomeric 11 (37%) aod 4 -
methyl - 1 - pheaylpeatan - 2 - one (3%), as indicated by NNR.

erythro 2 - (1' - Hydroxyethyl) - 3 - methylcyclohexan - 1 - one
(13). 2 - Cyclobexea - 1 - one (2 mmole) with Me;Culi (4
manoles) followed by acetaldehyde (20 mmoles) gave tic pure 2 -
(1' - hydroxyethyl) - 3 - methyicyciohexan - 1 - one 12 (03 mg,
97%); Vems (Bim) 3370 (OH), 1720 (C=O) con™'; NMR 8 1.04 3H,
d, J=6 Hz, C-3 Me), L.19 (3H, d, ) =3 Hz, -CH(OH)CH)).
1.32-2.90 (3H, m, aliphatic CH), 4.00 (1H, m, -CH(OH)CH,).

(B) - 2 - Ethylidene - 3 - methyicyciohexan - | - one (22).
Erythro 12 (150 mg, 0.96 mmole) was dehydrated (method II) to
give crede 22 (08 mg, 78%), which was sepanated by pic
(25E:75H) to give (E) - 2 - ethylidene - 3 - methyicyclohexen - 1 -
one 27% (32 mg, 23%); Yau (lim) 1684 (C=0), 1613 (C=C) c™’;
NMR 8 1.03 3H. d, J = 7 Hz, C-3 methyl), 1.7S OH,d, J =7 Hz,
=CHCH)), 1.78 (4H, m, C4, C-S methyleaes), 2.35 QH, =, C6
methylese), 3.13 (1H, m, C-3 methine), 6.57 (1M, q, J=7 Hz,
«CHCH,). c

The 24-dimitropheaythydrazone, bad m.p. 178°. (Found:
36.63; H, 5.56; N, 17.60. CsH N/, requires: C, 56.60; H, 5.66;
N, 17.61%).
md&ﬁm (method I) gave pure (E)(2)

threo 2 - (1' - Hydroxyethyl) - 3,3 - dimethyicyclohexan - 1 - one
(13). 3 - Mothyl - 2 - cycichexen - 1 - one with MeyCuLi folowed
by acotaldehyde gave tic pure 2 - (I’ - Aydroxyethy) - 3.3 -
dimethyicyciohexan - 1 - one 13 (167 mg, Y0%); va.. (Aim) 3260
(OH), 1700 (C=0) cm™’; NMR 8 1.03, 1.0 2x3H, s, C3
methyls), 1.28 (OH, d, J = 7 Hz, -CH(OH)CHy), 1.60-2.00 (4H, m,
C4 aad C-5 mothylones), 2.17-2.50 (3H, m, C-2 mothine sad C6
methylene), 4.13 (1H, m, Jos = 7 Hz, Jux = 6 Hz, -CEOH)CH,).
Identical by NMR with as acthestic sample.”



give tc pure (Z) - 2 - ethylidene - 3,3 - dimethyicyciohexan - | -
one 23 (148 mg, 90%); v, (i) 1685 (C=0), 1625 (C=C) e ';
NMR 8 107, 1.27 2x3H, s, C-3 Me's), 1.7 OH, d, J =7 Hz,
=CHCH), 1.50-2.10 (4H, m, C-4 and C-S methylenes), 2.38 (2H,
t, ] = 6 Hz, C-6 methylese), 560 (1H, q J = 7 Hz, «CHCH,).

threo 2 - (I’ - Hydroxyethyl) - 3,3,5,5 - tetramethyicycio - hexen
-1 - ome (19. 1,55 - Trimethyl - 2 - cyciohexen - | - ome with
MeyCuLi followed by acetaldehyde gave crude 2 - (I’ -
hydroxyethyl) - 33,55 - tetrametkyicyclohexan - | - ome 14
(162 mg, §2%) »ue (fikn) 3335 (OH), 1700 (O=0) c'; NMR 8
102, 1.12 @x6H, 3, C-3 and C-5 Me's), 1.27 OH, d, J =6 Hz,
~CH(OH)CH), 1.9 QH, 3, C4 methylene), 2.10-2.35 (OH, m,
C-2 methine and C-6 methylene), 4.18 (IH, m, J=6 He, -
CH(OH)CH,).

(2) - 2 - Ethylidene - 33,55 - tetramethyicyciohexsm - 1 - one
(36. Threo M4 (162 mg. 0.52 mamoles) was dehydrated (method II)
to give crude 2 - ethylidene - 3,3.5.5 - tetramethyicyclohexan - | -
one M4 (142 mg, 96%). Purification of a sampie (34 mg) by pic
(I1SE: lSH)pvan(Z)-a(Nq.)“) Yeus (film) 1650 (C=0),
1615 (C=C) cm™'; NMR 8 1.03, 1.15 2x 6H, s, C-3, C-5 Me's),
l.”(ZH.l.C-4-ahyhe).l.85(3H.d.J 7 Hz, «CHCH)), 228
(ZH, s, C-6 methylene), 5.90 (1H, q. J = 7 Hz, «CHCH)).

The 24-dinitropheayhydrazone had m.p. 118°. (Fousd: C,
59.54; H, 6.50; N, 15.26. CiaHNJOy requires: C, 59.98; H, 6.71;
N, 15.55%).

Repetition of the dehydration (method I) gave 24 (93%), as
ndicated by NMR aad tic.

threo - 1 - (I’ - Hydroxyethyl) - 9,10 - cis - dimethyldecal - 2 -

one (15). 10 - Methyl - 1(9) - octal - 2 - one with MeyCuli
folowdbymuldchydcmemeo-l-(l' hydroxyethyl) -
9,10 - cis - dimethyldecal - 2 - one 15 (170 mg, 76%); Vo, (filn)
3460 (OH), 1700 (C=0) cm™'; NMR & 091, 1.04 2x 3H, s, C9
and C-10 Me's), 132 (3H, d. J = 6 Hz, -CH(OH)CH.), 148-2.34
(13H, m, aliphatic CH), 4.00 (1H, m, J = 6 Hz, -CH(OH)CH,).

(2) - 1 - Ethylidene - 9,10 - cis - dimethyldecal - 2 - one (29).
Crude threo 15 (224 mg, | mmole) was dehydrated (method I) to
give crude | - ethylideme - 9,10 - cis - dimathyldecal - 2 - ome 28
(186 mg, 90%). Purification by pic (40E:60H) gave pure (2)25)
(52mg, 25%); Ve (film) 1685 (C=0), 1620 (C=C) cm™'; NMR &
1.00, 1.07 (2 x 3H, s, C-9, C-10 Me's), 1.53 (0H, m, aliphatic CH),
182 3H, 4, J=7 Hz, =CHCH,), 240 2H, t, J=5 Hz, C3
methylene), 5.70 (1H, q, J = 7 Hz, <CHCH,); 'C NMR 8 153
(@, 21.1 (), 21.2 (1), 21.8 (), 23.9 (Q), 33.6 (1), 34.7 (2), 36.0 (s),
3.1 (1), 45.3 (s), 127.1 (), 146.9 (s), 206.7 (s); m/e 206 (M*), 191
(base peak), 150.

Repetition of the dehydration (method I) gave, after pic
(40E :60H), pure (Z)-28 (124 mg, 60%), 23 indicated by tic and
NMR.

3 - Methoxycarbonryl - 4 - phenylpenten - 2 - one (29). Ben-
2alacetone (292 mg, 2 mmoles) in ether (1 mi) was added to a solo
of Me;CuLi (4 mmoles) aad stirred for 30 mia at 0°. Dry CO: gas
was thea bubbled into the suspeasion for | be at room temp.
(Sow rate~1mis'). The mixture was dilwted with water
(100 ml) and, after washing with ether (2x), cooled with ice thea
acidified with 25% HQL The white ppt which formed was ex-
tracted with ether.

The pale yellow product 28 visibly decomposed oo staading 30
it was treated with diazomethane for | br at room temp. Excess
diazomethane was destroyed with acetic acid and the product
was isolated by ether extraction to give a residoe (720 mg) which
oo pic (SOE:S0H) afforded crude 3 - methoxycarboayl - 4 -
phenylpenton - 2 - one 9 (B32mg). a3 an esolic mixture [44%
keto, 56% emol by NMR), b.p. 62°0.03 mm; vee (Hkm) 1740
(nunted ester), 1718 (af-unsaturated ester), 765, 700 (pheayl)
cm™'. Keto isomer 8 226 (3H, s, Y
COOCH;).J.S‘-S.NGH.I!.CJ. R
phomyl). Enol isomer § 190 (3H, s, <C(OH)CHy), 3.72 GH, s,
COOCH»), 436 (2H, 3, C4 methine aad OH), 7.18 (SH. s,
pbeayl). Two three-protoo dowblets (8 1.23, J=6Hz; 8 1.9,
J= 7 Hz) are sasigned to the Me protons at C-5. ’C NMR (eaolic
mixture) & 20.1 (Q). 20.6 (q), 29.7 (2q). 9.8 (d), 40.1 (d), 52.3 (2q),
66.9 (d), 67.4 (d), 1273, 128.6 (10d), 143.0 (2s), 168.7 (3), 185.0 (s),

K. K. Heg sad R A J. St

202.2 (s), 203.0 (s). (Fousd: C, 70.86; H, 7.37. C\sH 0> requires;
C, 0.89; H, 7.32%).
2 - Hydroxymethylene - 3 - methyicyciohexanome. 2 - Cyclo-
heua-l ose (192 mg, 2 mmoles) ia ether (1 ml) was added to a
sola of MeCuli (4 mmoles) as described previously. After
stirring for 30 mia at 0°, cthyl formate (1.62 ml, 20 mmoles) was
added and the suspeasion stirred for 10 mia af 0°. The mixture
was poured into 10% NHJC1 (100 ml), which was ether extracted.
mmmm-awmmmumm
yer was acidified with ice-cold 50% HCJ aad extracted
wdmmm&mmmz
-hydmx)nahyhu-l methyicyclohexanone (mn.“%).
...(ﬂh) (OH), 1710 (C=0), 1630 (cootic p-diketone) can
NMR 8 LLIS(H, d, I = 7HLC-3H¢).I.0—2.60(7H.I.C-3
methine, C4, C-5, C-6 methylencs), $.00 (1H, s broad, OH), 8.61
(1H, d, J =4 Hz, =CH(OH)). Spoatancous decarbomylation oc-
curred at room temp.. as indicated by loss in weight aad IR

Reaction of boron trifinoride-methanol complex with 2 -
hydroxymethylene - 5 - methoxy - 1 - tetralone (38)

BPy-MeOH complex (0.1 m of 14%) was added to 3% (51 mg,
0.25 mmole) in dry MeOH (2 ml) and stirved for | day at room
temp. uader N;. The mixture was then didwted with water (S0 ml)
aad ether extracted.

Evaporatioa and pic (S0E:50H) gave a pure liquid, 2 -
dimethoxymethyl - 5 - methoxy - | - tetrolone 33 (63 mg, 100%);
vaee (i) 1695 (C=0), 1120, 1075 (C-O-C), 1550, 806 (3 adjacent
H atoms of aryl) coa™';NMR & 2.00-3.10 (SH, m, C-2 methine
and C-3, C4 methylenes), 3.46 (6H, s, -CH(OCH\»), 3.8 OH, 3,
C-5 OCH:), 492 (IH, d, ] = 4 Hz, -CEKOCH))y). 6.67-7.67 (3H,
m, aromatic protoas).

1.1 - Dimethoxy - S - phenythexan - 3 - one (33). Beazalacetone
with Me:Culi followed by freshly distilled etbyl formate as
described for 2 - cyclobexen - | - one gave the crude a-formyl
ketooe (319 mg, 84%); rae (film) 3360 (OH), 1710 (C=O), 1620
(broad) (C=C), 760, 658 (pbenyl) coa™' which was trested im-
medistely with BFy-MeOH complex (0.67 ml of 14%) in MeOH
(13 ml) as described for 30 to give 1,1 - dimethoxy - § - pheny-
Aexan - 3 - ome 33 (256 mg, 65%); Ve (film) 1710 (C=O), 1190,
1115, 1060 (C-O-C-0-C), 760, 658 (pbesyl) cm~"; NMR 8 1.28
(3H, d, ] = 6.5 Hz, C-6 Me), 261 (2H, d, ] = 5.6 Hz, C-2 methy-
lese), 2.72 (2H, d. J = 6.5 Hz, C4 methyiene), 3.03-3.61 (1H, m,
C-S mcthine), 3.27, 331 2x3H, s, , 4M (IH, t, J=
5.6 Hz, C-1 methine), 7.19 (SH, s, pbeayl); "'C NMR 22.1 (g), 35.1
(d), 47.1 (1), 52.3 (1), 53.9 (@), 54.1 (q), 101.8 (d), 126.3 (d), 126.8
(2d), 128.6 (2d), 146.3 (3), 206.4 (3); m/e 205 (M"-OCHj), 118, 108,
75 (base peak). (Found: C, 71.43; H, 8.33. Ci.HxO, requires: C,
71.16; H, 8.53%).

35
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