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Cyclization of 7-oxo-2,8-alkadienyl esters upon reaction with triphenylphosphinecopper hydride hexamer stereoselectively yields substituted
cyclohexanones having a cis relationship of carbon side chains at C2 and C3. This cyclohexanone construction is particularly useful for
preparing 4-alkoxy- or 4-siloxy-2,3-disubstituted cyclohexanones, in which instance stereoselection is >20:1.

The preparation of six-membered carbocyclic rings is a C3 and an oxygen substituent at C4. To achieve this
fundamental process of organic synthesis. One useful methodbjective, we examined a new tandem Michael sequence in
is to assemble such rings from acyclic precursors by which cyclization of a 7-oxo-2,8-alkadienyl ester would be

sequential conjugate addition reactidngn one widely

investigated variant of this strategy, a 2,7-nonadienyldicar-

boxylic diester is cyclized by reaction with an external
carbor? nitrogen® or hydrid¢ nucleophile (eq 1). For

ongoing synthesis efforts directed at members of the man-

zamine alkaloid family, we required an efficient way to
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promoted by an external hydride reagent. Commercially An issue of chemoselectivity, not involved in reductive

available triphenylphosphinecopper hydride hexameg-[Ph

cyclizations of dienyl diesters, would be critical for the

PCuH} (5), Stryker’s reagent, was found to be the reagent success of the cyclohexanone construction depicted in eq 2:

of choice for this process (eq 2)lhe scope and limitations

conjugate reduction of the,5-unsaturated ketone functional

of this new stereocontrolled synthesis of substituted cyclo- array must be the initial event. Salient results of our

hexanones is the subject of this repoft.
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investigation of this issue with 7-0xo-2,8-alkadienoic ester
8aare summarized in Scheme 2. Not surprisingly, attempted

Scheme 2
Li(s-Bu)aBH (1.1 eq)
+ 13aand 14a
THF, -78 °C Ny cogMe 13
12 (50%) (20%)

60 °C

0
Simple 7-oxo-2,8-alkadienoic esters and analogous nitriles iJ:CCOZMe conds é _CO,Me ijj\COZMe

were employed in our exploratory studies. They were
prepared frond-valerolactone as summarized in Scheme 1.

Scheme 1
abc
COgMe
7a: R = (CH,).Ph 8a: R = (CH,),Ph

7b: R =Ph 8b: R=Ph
e fg hg

COgMe
1

aReagents and yields: (a) LIGAO(OEt); (b) RCHO, KCO;;
(c) TPAP, NMO; (d) PBP=CHCQMe, 8a: 50% overall fronb,
8b: 60% overall from6; (e) (CRCH,0O),P(O)CHCO,Me, KH-
MDS, 18-C-6,9: 56% overall fromg; (f) (PhPCHI)*I-, NaH-
MDS, HMPA; (g) KCN, (PhP)Pd, 18-C-6; (h) CHJ, CrCh, 10:
22% overall from6, 11: 43% overall fronb.

(E,E)-Oxoalkadienyl ester8 were obtained from keto
aldehydes7® by reaction with methyl! (triphenylphosphora-
nylidene)acetate, whereas the 2Z 8tereoisomerd was
formed from7a by the method of Still and Genndti.

Related oxodienyl nitriles were obtained from their cor-
responding vinyl iodide precursdfdy palladium-catalyzed
coupling with KCN?! After purification by column chro-
matography, the isomeric purity 8—11was judged to be
>95% by'H NMR analysis.

(8) Prepared by a general method: (a) Ditrich, K.; Hoffmann, R. W.
Tetrahedron Lett1985,26, 6325—6328. (b) Altenbach, H.-J.; Holzapfel,
W.; Smerat, G.; Finkler, S. Hletrahedron Lett1985,26, 6329—6332.

(9) Still, W. C.; Gennari, CTetrahedron Lett1983,24, 4405—4408.

(10) E isomer: (a) Stork, G.; Zhao, KTetrahedron Lett1989 30,
2173-2174. (bg isomer: Takai, K.; Nitta, K.; Utimoto, KJ. Am. Chem.
Soc.1986,108, 7408—7410.

(11) Yamamura, K.; Murahashi, S.9letrahedron Lett1977, 50, 4429-
4430.
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8a Table 1 14a
[upto 80% yield, 13a:14a = 17:1]

5(0.2eq)
TMSCI (18 q) T™SQ
see Table 1 \ COgMe S -C0:Me
(2-15 (Ey-15
H8 5 4.42 H8 54.70

= [PhaPCuHJg, R = (CHy)-Ph

cyclization of8awith lithium tri(sec-butyl)borohydride, the
reagent utilized extensively by Yoshii in tandem Michael
cyclizations of dienyl diesters,**¢resulted largely in 1,2-
reduction of the enone group to yield allylic alcohti®.
Stryker’'s reagen®, which is known to reduce both,(-
unsaturated esters amdS-ketones in conjugate fashién,
exhibited the requisite chemoselectivity, convertBeyin
good vyield to cyclohexanonek3a and 14a. The relative
configuration of these stereoisomeric products was ascer-
tained by their individual equilibration (DBU, PhH, 6C)
to give a 3:1 equilibrium mixture of trand4a and cis (33
stereoisomers.

The yield (80%) and stereoselectivity3a:14a= 17:1)
of the reductive cyclization o8a were optimal when the
reaction was carried out in toluene-a50 °C using 0.2 equiv
(1.2 hydride equiv) 06 (Table 1). Carrying out the reduction
at room temperature reduced the yield and stereoselection
only slightly. However, stereoselection was solvent depend-
ent, decreasing markedly with increasing solvent polarity
(Table 1, entries 35). The purity of [PRBPCuH} (5) was
also important for realizing high cis stereoselectivity, as
stereoselection was reduced Sfwas contaminated with
excess PP 12

To pursue the origin of the solvent effect on cyclization
stereoselectivity, oxoalkadienyl esawas allowed to react

(12) (a) The purity of commercial samples®fwhich is readily assayed
by 'H NMR analysis, differs widely:”® Stryker's one-pot preparation of
5°b reliably produces material of high purity. (b) Using Schlenk equipment,
excess PP can be removed fror by slurrying the reagent with hexane
or benzene under an argon or nitrogen atmosphere and filtering and drying
residual5 under vacuum.
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Table 1. Reductive Cyclization o8a

temp 15 products
entry solvent (€)P °C Z:E° yield %  13a:14a°
1d PhH (2.3) 23 70 10:1
2 PhMe (2.4) 23 74 17:1
3 PhMe (2.4) —50 20:1° 80f 17:1¢
4 PhCI (5.6) =50 8:1¢ 7:1¢
5 CHCl, (8.9) —50 318 86 1:1¢8

aConditions: 0.2 equiv (1.2 hydride equiv) of [fRCuH}, [8a] =
M. P Dielectric constant¢ By H NMR analysisd[8a] = 0.4 M. ¢ Mean
values from duplicate experimentsVhen [8a]= 0.07 or 0.2 M, the ratio
13a:14awas unchanged; however, the yield was reduced slightly-(72
74%).

with 5 in various solvents in the presence of TMSCI and
EtsN.5213 Enoxysilane stereoisomerg)¢ and (E)-15were
produced in high yield in these experimetftsAs sum-
marized in Table 1, stereoselection in forming th&-(

enoxysilane stereocisomer in trapping experiments correlates

directly with stereoselection in forming the 2¢&-cyclo-
hexanone product3a.

Additional definition of the scope and some insight into
the mechanism of this new synthesis of substituted cyclo-

hexanones were provided by the experiments summarized

in Scheme 3. AlthoughH)-7-ox0-9-phenyl-2,8-alkadienoic

Scheme 3
i 5(0.2 eq)
eq o~
&Ph toluene ij ijv
X CO.Me _§0°c T~ COgMe CO,Me
8b (50%) (10:1) 14
i 5(0.2eq) it Q
2eq
AR toluene é \\\\ R ij\il:{
+
X -50 °C X X
9 X = COxMe (60%) 13a (1:1) 14a
10 X = CN (55%) 16 (4:1) 17
i 5 (0.2 eq)
2eq
& R toluene
_— 16 + 17
X CN -50 °C (13)
11 (60%)
O
5 (0.2 eq)
Z "R toluene R
%, CO2Me _50°C - CO-Me
0,
Me (60%) Me
8 [R = CHoCH,Ph] 19

ester8b cyclized in the presence of 0.2 equiv of fPICuH}
(5) to provide largely theis-2,3-disubstituted cyclohexanone

(13) The high stereoselectivity seen in toluene in reductive silylation of

8a with Stryker’s reagent suggests the use of this reagent and solvent for

stereocontrolled synthesis of other acycl9-enoxysilanes.
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product13b, (Z2)-enoate9 cyclized stereorandomly under
identical conditions. Also cyclizing with low stereoselectivity
were the (Z)- and (E)-7-oxo-2,8-alkadienyl nitril&6 and
11. Substitution on the double bonds, even atotkposition
of the enoate Michael acceptor, appears not to be tolerated.
For example 18 did not cyclize but upon workup yielded
only the product of enone-1,4-reductid® in reactions
carried out over a range of temperature$Q to 50°C).1516

This cyclohexanone construction is particularly useful for
the stereocontrolled synthesis of 4-alkoxy- or 4-siloxy-2,3-
disubstituted cyclohexanones (eq 2=XOR). The acyclic
precursors for these reactions can be assembled in a variety
of ways, in both racemic and enantiopure foff#’ For
example, racemi24 (> 15:1E:Zby 'H NMR analysis) was
prepared in 43% overall yield from cyclopentenone phos-
phonate 20 using a series of standard transformations
(Scheme 4§21

Scheme 4
X OTBDPS
TBDPSCI O3, MeOH
0,
(78% from 20) p-TsOH: Me232°
PO(OEt), PO(OEt), (70%)
20:X=0 NaBH, 22
21:X=H, OH CeCly'®
0
PO(OEt), 1. KyCOg, PhCHO A~ph
oM 2. LiBF,, 2% H,0?"
OMe 2 -COsMe
OTBDPSe 3. PhaP=CHCO,Mo OTBDPS
(43% for 3 steps)
23 24

A variety of (E)-4-alkoxy- and E)-4-siloxy-7-0xo0-2,8-
alkadienyl esters cyclize upon reaction with 0.2—0.3 equiv
of [PhePCuHE (5) to provide a single cyclohexanone product
in high yield (Scheme 5). Diastereoselection in forma@g-

34 was judged to be=20:1 in reactions carried out either at
—50°C or at room temperatur@.Yields are slightly higher

in reactions conducted at room temperature with 0.3 equiv
of 5. A variety of substituents can be incorporated in the
CH,R! side chain'’ For example, the high-yielding cycliza-
tion of enantiopur@8to give enantiopur@4 demonstrates
that even a highly bulky tritylamino group is tolerated at
the y-position of the enoate. High stereoselection was not

(14) Diagnostic chemical shifts of the C8 vinylic hydrogensf @nd
(E)-15readily defined their configurations; see: Saunders, W. H.; Xie, L.
F.J. Am. Chem. S0d.991,113, 3123—3130.

(15) Substitution at thet-position of the enone is also not toleraféd.

(16) Ly, S. K. Ph.D. Dissertation, University of California, Irvine, CA,
1998.

(17) Kamenecka, T. M. Ph.D. Dissertation, University of California,
Irvine, CA, 1996.

(18) Available in one step and high yield from dimethyl glutarate; see:
Wenkert, E.; Schorp, M. KJ. Org. Chem1994,59, 1943—1944.

(19) Luche, J. LJ. Am. Chem. S0d.978,100, 2226—2227.

(20) Claus, R. E.; Schreiber, S. Org. Synth., Coll. Vol. 990, 168—

171.

(21) Lipshutz, B. H.; Harvey, D. FSynth. Communl982,12, 267—
277.

(22) Diagnostic signals for other stereocisomers were not apparémt in
and13C NMR spectra of crude reaction products.
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Scheme 5

0 cond. A: 5 (0.2 eq), =50 °C, PhMe O

= R1 or A H‘

%, -COzMe cond.B:5(0.3eq), rt, PhH L -, _COxMe
R2 R2
24 R'=Ph, R2=OTBDPS 30 (A: 88%, B: 96%)
25 R'=24-(Me0),CgHs, RZ=0OMOM 31 (A: 75%)
26 R'=24-(Me0),CgHs, RZ= OTBDPS 32 (B: 87%)
27  R'=CH.CH,Ph, RZ = OMOM 33 (A: 75%)
28 R'= f\/tOTBDPS 34 (B: 79%)

MET CO,Bu-t
29 R'=CHCH.Ph, R? = Me 35 (A:73%, 4:1
isomer mixture)
OMe
LiOH, THF o} OMe
H.0, 50 °C
32
(85%)
'ff,r/COQR
\ OTBDPS
CHoNp 36:R=H X-ray model of 37

ammonium counter

(80%) ion is not shown

37: R = (CgHy1)aNH2

seen in cyclizations of acyclic precursors having alkyl
substituents to the ester. For exampl&9 cyclized under
identical conditions to provide a 4:1 mixture of stereo-
isomeric products5.

Cyclohexanone80—34 showed diagnostic narrow mul-
tiplets for their C4 methine hydrogens, suggesting an axial
orientation for the alkoxy or siloxy substituents. The broad
signal observed for the C2 hydrogen3(—32established
that the C2 side chains of these products are equatorial. Thes
data suggest the configurations 33—34that are depicted
in Scheme 5. Evidence for this conclusion was secured by
hydrolysis of32to give acid36,22 whose dicyclohexylamine
salt37 was amenable to single-crystal X-ray analygids
suggested by the NMR datay adopts a chair conformation
that places the C3 alkyl and C4 siloxy substituents axial.

A distinctive feature of the reductive cyclizations &, E)-
7-oxo-2,8-alkadienyl esters reported herein is preferential
formation of cyclohexanone products having a cis relation-
ship of the C2 and C3 side chains. In contrast, cyclizations
of (E,B)-2,7-nonadienyldicarboxylic diesters typically provide
trans products (eq 1), an outcome rationalized by chair
transition state topographies in which the emerging C2 and
C3 side chains adopt quasi-equatorial orientatfoAsAl-
though detailed mechanistic analysis is beyond the scope o
this initial disclosure, we suggest that chelation between the
copper of a Z)-copper enolate intermediate and the enoate
is responsible for the stereoselection seen in cyclizations of
(E,E)-7-0x0-2,8-alkadienyl esters (Figure 1). The observed
erosion of stereoselectivity when excessHPls present is
consistent with this suggestihas is the lack of stereo-

(23) That epimerization of the carboxyl substituent did not occur under
the basic hydrolysis conditions was confirmed by reaction of 86idith
diazomethane to returd2.

(24) In the presence of 2.5 equiv of M cyclization of8b by the
conditions reported in Scheme 3 gal@b and14bin a 1:1 ratio.
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Figure 1. Possible rationale for forming the less stable 2,3 cis
stereoisomer.

selection seen wheh3aand14aare formed by reaction of
enoxysilane (Z)-15vith tetrabutylammonium fluoridé?6
Preferential formation of th&rans-2,3-disubstituted cyclo-
hexanone stereocisomel7 from the €)-a,3-unsaturated
nitrile analoguel 1 (see Scheme 3) suggests that coordination
with the copper enolate in th&)-enoate series might involve
the carbonyl oxygen, rather than the C-acbond, of the
Michael acceptor.

In summary, reaction off,E)-7-oxo-2,8-alkadienyl esters
with Stryker’s reagent gives the less stable cis stereoisomer
of 2,3-disubstituted cyclohexanones in high yield and ste-
reoselectivity. This cyclohexanone construction is particularly
useful for preparing 4-alkoxy- or 4-siloxy-2,3-disubstituted
cyclohexanones (eq 2, % OR), in which instance stereo-
selection is>20:1. Cyclohexanones of this latter type are
readily assembled in high enantiopurity because many
convenient methods are available for preparing the allylic
alcohol precursors in enantioenriched fol§#72” Although
not addressed in this investigation, recent disclosures suggest
that the reactions reported herein might well be carried out
using catalytic quantities of [RRCuH}.”>28

Acknowledgment. We thank the NSF (CHE-9726471)
for financial support, Drs. J. Greaves and J. Mudd for mass

spectrometric analyses, and Dr. J. Ziller for X-ray analyses.

NMR and mass spectra were determined at UCI with
instruments purchased with the assistance of the NSF and
HIH.

Supporting Information Available: Representative ex-
perimental procedures: preparatior2dfand its cyclization
to 30 and trapping of the initially formed acyclic enolate
derived from8a to form (Z)-15. This material is available
free of charge via the Internet at http:/pubs.acs.org.

0OL0169325

(25) Several other observations made during this investigation are
consistent with this analysis. For example, a cyclization topography related
to A should be less favorable when the C4 substituent is methyl than when

he substituent is alkoxy or siloxy due to the larger A value of the forther.
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