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Summary: Trimethylsilyllithium undergoes conjugate addition to dimethyl-
hydrazones of a,B-unsaturated ketones. The resulting metalloenamine
intermediates can be alkylated, and the resulting hydrazone products cleaved
to give a-substituted-B-silyl ketones. These reactions, together with a
silicon-directed Baeyer-Villiger reaction, have been applied to the synthesis
of brevicomin.

Several years ago, we demonstrated that Baeyer-Villiger reactions of B-trimethylsilyl ketones
are directed by the silicon to give esters of B-hydroxysihnes.z Since B-hydroxysilanes of
defined stereochemistry can be converted to olefins of defined stereochemistry via stereospecific

3 these reactions can be used to convert cyclic PB-silyl ketones (y-keto-

B-elimination reactions,
silanes) to olefinic carbonyl compounds with control of double bond storooch.nlstry.z Sub-
sequently the Beckmann fragmentation reactions of B-sily]l ketones have been found to be directed
by silicon to yield olefinic nitriles,% and related fragmentation reactions of y-hydroxysilanes
and -stannanes, leading to olefinic carbonyl compounds, have also been 1nvestlgllod.5'7 [B-Silyl
ketones have also been used as precursors to enones, with the silyl group serving as a protecting
group for the double bond. 8)

For these reactions to be most useful in organic synthesis, methods for the synthesis of
a-substituted-B-silyl ketones of defined stereochemistry are needed. Of the various methods
reported for the preparation of P-silyl ketones,87 11 the conjugate addition reactions of enones
vith Me3SilLi reported by Stlll.9 and of (PhMe;S1),Culi and other silyl cuprate reagents reported

by Plulng.ab'd' 10

promise to be the most versatile. These reactions initially generate enolates
vhich can, {n principle, be trapped by a variety of electrophiles to give a variety of a-sub-

stituted-B-silyl ketones (1) (see eq 1). However, these types of enolates have only been reacted

0 o] [0}

_RaSiM Bt (1)
SiR, SiRy
1

vith reactive alkylating agents such as methyl iodide and allyl bromide, giving the alkylated
ketones8b.d.9,10b,¢c (as well as with proton sources, giving the unalkylated ketones, and with
Me3SiCl, giving the silyl enol ethers). The stereochemistry of the product (1, E = R = Me) from
the reaction with methyl iodide was shown to be trans.? Attempted reactions of these types of
enolates with less reactive alkylating agents such as primsary alkyl iodides were not
succeasful . 8b.d,9.12

In the course of our work on the use of Baeyer-Villiger reactions of B-silyl ketones in
synthesi{s, we required a more versatile synthesis of a-substituted-f-silyl ketones. We report
here that Me3SiLi undergoes conjugate addition to a,B-unsaturated dimethylhydrazones; that the

3o
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resulting metalloenamine intermedistes undergo alkylstion with a variety of alkylating agents,
including less reactive alkylating agents such as hexyl bromide; and that the resulting hydrazones
can be hydrolyzed with oxalic acid, or preferably cleaved with N-bromosuccinimide in agusous
acetone, to glive a-substituted-B-silyl ketones.

We alsc report the use of these reactions in the synthesis of both exo- and endo-brevicomin.
The exo isomer is the principal aggregstion pheromone of the western pine bestle, Dendroctonus
brevicomis.'? The brevicomins are cyclic acetals of dihydroxy ketones, and therefore could be
praparad from cis or trans olefinic ketones 24 or 25,14 Our approach (Scheme 2} involves the
praparation of 2& and/ov 25 from trans-2-ethyl-3-trimethylsilylcyclohexanone (2} (or the cis
izomer 3) using the above-mentioned silicon-directed Baeyer-Villiger reactions which we developed
several years ago.z

Results and Discussion. In order to prepare the silyl ketone 2, we initially tried a
variation of Still's reaction.? Using a procedure analogous to that which successfully converted
cyclohexenone to the a-methyl-B-silyl compound 1| (E = R = Me, eq 1), cyclohexenone was treated
with MeqSili (prepared by treatment of Me,3iSiMes with MeLi%) followed by ethyl iodide. A mixture
of products was obtained, two of which were identified by VPC analysis to be the alkylated silyl
ketone, Z-ethyl-3-trimethylsilylcyclohexanone (2) (27%) and the unalkylated silyl ketone, 3-
trimethylsilylcyclohexanone (33%2). Proton transfer apparently successfully competes with alkyl-
ation in this system. As a different approach, we investigated the addition of Me,8iLi to 2-
ethylcyclohexenone followed by protonation with methanol, which might be expected to generate the
cis isomer 3.!5 However, this reaction produced a mixture of trans- and cis-Z-ethyl-3-trimethyl-

silyleyclohexanones (2 and 3) in nearly equal amounts {eq 2) (4:5 ratio of 2:3 by VPC snalysis).

0 0
1) MeSiLi + N (2)
2 3
52% HeoH .,
SiMey 'SiMey

2 3

0

We therefore investigated other routes to fi-silyl ketones, and have found that Me,Sili

18 and thet the resulting metallo-

undargoes conjugate addition to o,B-unsaturvated hydrazones,
enamine intermediates, which are considerably more nucleophilic than en@latag,l7 can be alkylated
with ethyl lodide and with other slkylating agents. Cyclohexenone N,N-dimethylhydrazone (&)18 was
prepared in 89% vield by reaction of cyclohexenone with dimethylhydrazine in benzene using a Dsan-
Stark trap. Treatment of the hydrazone (&) with Maq8iLli in THF/HMPA followed by EtI using
conditions similar to those used to prepare 1 (R = R = Me} from cyclohexenons and Ha3SiL19 {eq 1),
gave a product which appeared to be the alkylated silyl hydrazone (35) by spectral and VPC
analysis. Hydrolysis of the crude product with 0.5 M oxalic acid {room tempersture, 24 h) gave
trans-2-ethyl-3-trimsthylsilylcycliohexanone {(2) in 80 yield from 4. Comparison of the product
with the cis-trans mixture obtained from the above reaction of 2-ethylcyclchexenone with MeqSiLi
suggested that the product was 98% trans. To confirm the stereochemical assignments, this product
was treated with NaOMe in MeOH for 24 h, piving a cls-trvans mixture (60:40 mixture of 2:3 by VPC
analysis). The cis-trans mixture obtained from 2Z-ethylcyclohexenone (4:5 ratio of 2:3) was
similarly treated with NaOMe in MaOH to give a 60:40 mixture of 2 and 3,

In early attempts to prepare silyl ketone 2 from hydrazone &, VPC analysis of the crude
alkylated hydrazone (5) freguently showed a byproduct of higher retention time in varying amounts.
By analogy to previous work in our laboratories on the reaction of MeqySiLi with cyclohexenona,z’hc
this was assumed to be a disilyl compound; it could be minimized by careful asttention to time and
temperature control.

Treatment of the hydrazone & with MeqSiLi as sbove followed by a variety of other electro-
philes {allyl bromide, propylene oxfide, the ethoxyethyl ether of 3-bromopropanol, and hexyl
bromide), and hydrolysis of the crude products with oxalic acid (Procedure A) gave a variety of

a-substituted-B-silyl ketones or thelr derivatives (7, 9, 11, and 13 + 14; see Scheme 1).
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[It should be noted that the a-allyl-B-silyl ketone 7 can be made more efficiently from the

reaction of Me,Sili with cyclohexenone followsd by allyl bromide,lg

20]

since allyl bromide is a
reactive alkylating agent. The ethoxvethyl protecting group apparently doesn't survive the
hydrolysis conditions. [The crude alkylated hydrazone (10, EE = sthoxyethyl) from the alkylation
with the ethoxyvethyl ether of 3-bromopropanol appeared to have the protecting group intact by
spactral and VPC analysis.] Attempted hydrolysis of the crude alkylated hydrazone (12} from the
hexyl bromide alkylation under the usual conditions (0.5 M oxalic acid, room temperature, 14 h)
resulted in incomplete reasction. Use of a longer reaction time {4 davs) led to good conversion to
product, but with the product as a trans-cis mixture (2:1 ratioc of 13:14 by VPFC).

We have thevefore sought better methods to hydrolyze N,N-dimethylhydrazones. We tried some
of the other methods developed for regenerating cavbonyl compounds from dimethylhydrazones and
other derivatives,zl and found that N-bromosuccinimide (NBS) in agqueous scetone, which has been
used to cleave tosylhydrazones,22 is also useful for the cleavage of N,N-dimethylhydrazones. We
also found that a modified procedurs that we had developed for the reaction of cyclohexenone with
H93Sihi,kc and which was easisr to run and to scale up, can also be used for the veaction of the
dimethylhydrazone & with Me,S8ili.

Use of the modified procedure for the silyllithium addition {Procedure B) and the NBS
cleavage of the hydrazone (Procmdure C) allowed the trans a-hexyl-f-silyl ketone 13 to be isolated
in high isomeric purity, and allowed a tetrahydropyranyl (THP) ether to be isolated (ketone 18).
Additionally, the ketone products from the combination of Procedures B and C show a very clean
carbonyl band In the infrared spectrumy while those from Procedure A show a small shoulder on the
carbonyl band.

Thus, treatment of the cyclohexenone dimethylhydrazone (4) with Meq5ili followed by hexyl
bromide gave hydrazone 12, which was purified by distillation, and isolated in 81X yleld.
Treatment of 12 with NBS in aqueous acetone {ice temperature, 2 min) gave trans ketone 13 (97X
trans) in 75% yield. [When 12 was treated with oxalic acid {room temperature, 4 days), VEC
analysis of the crude product showed trans ketone 13 and cis ketone 14 in a 5:2 vatio. Similarly,
treatment of hydragone & with MeqSiLi followed by the THP ether of J-bromopropancl gave the
alkylated hydrazone 185 in 67% vield after flash chrom&tography,23 and treatwent of 15 with NBS
gave ketone 16 in 96% crude yield. The NMR spectrum Indicsted that the product was reasonably
pure, and that the THP group had survived the cleavage step; however, attempts to purify ketone 16
by flash chromatography or by distillation led to decomposition.

Perhaps not surprisingly, a limitation on the NBS method for regenerating ketones from
dimethylhydrazones appears to be the presence of a double bond in the molecule. In preliminary
experiments, treatment of the allylated hydrazone 17 {from cyclononenone N,N-dimethylhydrazoneza
and MeqSiLi followed by allyl bromide) with NBS under the above conditions led to a tar.
{Although Z-allyl-3-trimethylsilylcyclohexanone (7) can be prepared from cyclohexenone with
Me;SiLi followed by allyl bramide,l9 treatment of cycianonenonezs with MeqSiLi followed by allyl
bromide or allyl lodide resulted in complex mixtures. Presumably the enclate derived from

cyclononenone and MeqSill is move hindered and less reactive than that derived from cvclohex-

enone. |
N"‘NNEz N'NMQz
P
e
SiMeq
17

We have synthasized both exo- and endg-brevicomin (26 and 27) (in racemic form) from trans-2-
ethyl-3-trimethylsilylcyclohezanone (2}, Treatment of 2 with m-chloroperbsnzoic acid (MCPBA) in
methylene chloride gave s silyl lactone which was presumed to have structure 18 and/or 19 (ses
Scheme 2) by analogy to our previous work.? Saponification of the crude product gave a silyl

hydroxy acid, presumed to have structure 20 andf/or 21. Treatment of the crude silyl hydroxy acid
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with KH in THF gave the cis olefinic acid 22, and treatment of 22 with methyllithium gave the cis
olefinic ketone 24. When 24 was treated with MCPBA followed by 0.1 N HC10,, a mixture of exo- and
endo-brevicomin (26 and 27) was obtained in a ratio of 87.5:12.5, respectively. We believe the
loss of stereochemical purity may have been due to to a small amount of anti-elimination (to give
the trans olefinic acid 23) during the ssponification step. Therefore we decided to try to
prepare the trans olefinic acid (23) directly froe the silyl lactone.

Treatment of the silyl lactone (18 and/or 19) with BF3-Et,0 in wmethylene chloride gave the
trans olefinic acid 23 in 60X overall yield from 2. Treatment of 23 with methyllithium gave trans
olefinic ketone 25 in J0X yield. Although we were unable to determine the lsomeric purity of 23
and 25 by VPC comparison with the cis isomers (22 and 24) prepared above, their purity could be
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inferred from the isomeric purity of the brevicomins. Treatment of trans clefinic ketone 25 with
MCPEA in methylens chloride gave endo-brevicomin (27} in 807 yield and 957 isomeric purlty (95%
27, 5% 26). Alternatively, treatment of 25 with osmium tetroxide and triethylamine N-oxide in
t-butyl alcoho12® gave exo-brevicomin (26} in 79% yield and 96% isomeric purity {(96% 26, 4% 27).

In conclusion, a variety of a-substituted-f-silyl ketones {including compounds which cannot
be easily prepared by other methods) can be prepared from a,B-unsatursted ketons N,N-dimethyl-
hydrazones, by reaction with MesSili, followed by alkylation with primary alkyl halides or
epoxidaes, and cleavage of the hydrazones with NBS {or hydrolysis with aqueous acid).

EYPERTMENTAL SECTION

All reactions were carried out under a nitrogen or argon atmosphere except those involving
hydrolysis. Infrared (IR} spectra were obtained using a Beckman IR-33, a Perkin-Elmer 1320, or
a Perkin-Elmer 983G infrared spectromweter. Nuclear magnetic resonance (e ) spectra were
obtained using a Varian EM-360, a Hitachi Perkin-Elmer R-600, or a Nicolet NT-200 NMR
spectrometer. Chemical shifts ave given in parts per million (&) using CHClq as an internal
reference for compounds which contain silicon, and tetramethylsilane for compounds which do not
contain silicon. Mass spectra were obtained using a Finnigan 3200E or a Finnigan MAT 4500B gas
chromatograph/mass spectrometer system. Exact mass determinations were carried out at the Midwest
Center for Mass Spectrometry, University of Nebraska. Vapor phase chromatographic (VPC) analyses
were obtained on a Varian Aerograph Model 90-P instrument using helium ss the carrier gas. The
retention time of a hydrocarbon standerd under the given conditions is Included. The following
columns were used: SE-30 (10% SE-30 on Chromosorb W, 10 ft x 0.25 in.): QF-1 {(20% QF-1 on
Chromosorb ¥, 10 fr x 0.25 in.).

The term "evaporative distillation" refers to a bulb-to-bulb distillation in a Kugelrohr
apparatus; the temperature following is the oven temparature. The verb “concentrated” refers to
removal of solvent on the rotary evaporator.

Tetrahydrofuran (THF) and anhydrous ether were distilled from sodium and benzophenone.
Hexamethylphosphoramide (HMPA) was distilled from calcium hydride. Methylene chloride was
distilled from P,0g. Cyclohexenone N,N-dimethylhydrazone was prepared by the method of Corey
and Enders.!® ZvEthylcyclohexenonez? vas prepared from 2—propy1pyridin828 by the method of
Danishefsky and Cain.29

trans- sod cls-2-Ethyl-3-trissthylsilyleyclohezanone (2 and 3) from 2-ethyleyclobexenons.

To an ice-cooled solution of 0.5 mL {2.5 mwol) of hexamsthyldisilane in 2 ml of HMPA was added
dropwise 1.6 oL (2.0 mmol) of methyllithium (1.28 M in ether)}, and the resulting mixture was
stirred for 15 min at 0°C. °THF (10 mL) was added, the reaction mixture was {mmediately coocled to
-78°C, and the resulting mixture was stirred for 5 min. A solution of 0.186 g (1.5 mmol) of
2-ethylcyclohexenone in 1 ml of THF was added dropwise, and the resulting mixture was stirrved for
10 min. Anhydrous methanol (0.50 mL) was added, and ths mixture was allowed to slowly warm to
0°C. The mixture was poured into 50 mi of pentane and washed with water (3x), dried {(MgS0,),
concentrated, and distilled (80-120°C, oil pump vacuum) giving 0.120 g (40%) of a mixture of 2 and
3 as a colorless liquid: IR (film) 2980, 1720, 1255, 838 cm™}; NMR (CDCl3) & 2.71-0.51 (13 H,
broad peaks), 0.01 (9 H, s); mass spectrum m/z (rel. intensity)} 198 (v*, 3), 183 (8) 1489 (34), 75
(50), 73 (100). {The mass spectra of 2 and 3 were identical.] VPC analysis (8E-30, 150°C, Cyg4Hap
= 4.3 min) showed two major peaks at 3.7 min (38%, 2) and 3.9 wmin (47%, 3). [Other peaks wers at
1.5 min {6.9%, 2-ethylcyclohexenone), 9.0 min (3.3%), and 9.7 win (5.2%) (latter two possibly
disilyl compounds). ]

Procedure A: 2-Alkvlated-3-trismethylsilyleyclohexanone derivatives. To an ice-cooled
solution of 0.5 mL (2.5 wmol) of hexamethyldisilane in 2 ml of HMPA was added dropwise 2.0 mmol of
methyllithium (az complex with LiBr, in ether), and the resulting pink sclution was stirred for
2% min at 0°C., THF (10 »l) was added, the reaction mixture was immedistely cooled to -78°C, and
the resulting mixture was stirved for 5 min. A solution of 0.138 g (1.00 mmol)} of cyclohexenone

dimethylhydrazone (&) in 1 mL of THF was added dropwise, and the resulting mixture was stirred
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at -78°C for 1 h. Excess alkylating agent was added, and the reaction mixture was stirred for

24 h while warming to room temperature. The resulting mixture was poured into water overlaid with
petroleum ether. The organic layer was vashed with two portions of water, dried (MgSO,), and
concentrated, giving the alkylated silyl hydrazone.

The crude product was dissolved in 5 mL of ether and 5 mL of petroleunm ether, 5 mL of 0.5 M
oxalic acid was added, and the resulting sixture was stirred at rooo temperature for 24 h. The
mixture vas then poured into saturated NaHCO; and extracted with three portions of ether. The
combined ether extracts vere washed with water, dried (MgSO,), concentrated, and purifiaed, giving
the alkylated silyl ketone.

trans-2-Ethyl-3-trimethylsilylcyclohexanone (2). Using Procedure A, 1.38 g (10.0 mmol) of
cyclohexenone dimethylhydrazone (4) was treated with Me4SiLli (from 5.0 ml (25 mmol) of
hexamethyldistlane) followed by ethyl fodide (7.0 mL, 13.65 g, 87.5 mmol), and the crude product
was hydrolyzed with oxalic acid. Purification by evaporstive distillation (110-120°C, oil pump
vacuum) gave 1.59 g (80X) of ketone 2 as a clear slightly yellow liquid: IR (film) 2970, 1715,
1250, 835 cm™!; NMR (CDC13) 8 2.45-0.63 (@) overlapping with 0.82 (crude t) (total 13.2 H), 0.00
(8.8 H, 3); the mass spectrum vas identical to that reported above; exact mass: 198.1444 (calcd
for C;H2084: 198.1440). VPC analysis (SE-30, 180°C, Ci4H3g = 3.7 min) showed the major peak at
3.5 min (922 of pcak area); less than 2% of the cis isomer (3) was present.

2-Allyl-3-trimethylsilylcyclobexanone (7). Using Procedure A, 0.138 g (1.00 mmol) of
cyclohexenone dimethylhydrazone (4) was treated with trimethylsilyllithium (from 0.5 mL (2.5 mmol)
of hexamethyldisilane) followed by 0.30 mL (0.419 g, 3.47 mmol) of allyl bromide, and the crude
product was hydrolyzed with oxalic acid. Purification by evaporative distillation (80-120°C, oil
pump vacuum) gave 0.143 g (68) of ketone 7 as & colorless liquid: IR (film) 3075, 2955, 2860,
1705, 1250, 910, 835 cm”!; M@ (CDCly) 8 5.9-5.3 (1.2 H, m), 5.15-4.80 (2.3 H, m), 2.40-1.00
(10.3 H, m), 0.02 (8.2 H, s); mass spectrus m/z (rel. intensity) 210 (MN*, 1.2), 195 (1.8), 169
(19), 120 (6), 75 (20), 73 (100); exact mass: 210.1441 (calc for C)H208i:  210.1440). VPC
analysis (SE-30, 170°C, CygHyy = 4.7 min) showed the major peak at 5.1 min (962).

Bemiketal 9. Using Procedure A, 0.138 g (1.00 mmol) of cyclohexenone dimethylhydrazone (4)
vas treated with trimethylsilyllithium (from 0.5 mL (2.5 mmol) of hexamethyldisilane) followed by
0.7 mL (0.58 g, 10 cmol) of propylene oxide, and the crude product was hydrolyzed with oxalic
acid. Purification by evaporative distillation (85-110°C, oll pump vacuum) gave 0.186 g (82%) of
hemiketal 9 as a thick colorless liquid: IR (film) 3420, 2930, 1250, 855, 833 cm™!; MR (¢pCl1y)

8 4.30 (1.1 H, o), 3.45 (1.1 H, ), 2.47-0.53 (13 H, o (broad)), 0.00 (9 H, s); mass spectrum m/z
(rel. intensity) 210 ((M-18)*, 7), 195 (5), 137 (100), 73 (50); exact mass: 228.1544 (calc for
C12H240281: 228.1546). VPC analysis (SE-30, 170°C, C),H3g = 3.7 ain) showed the major peak at
3.6 min (96X). On the basis of the retention time, the product is believed to undergo dehydration
on the VPC column to the enol ether.

Bemiketal 11. Using Procedure A, 0.138 g (1.00 mmol) of cyclohexenone dimethylhydrazone (4)
was treated with trimethylsilyllithium (from 0.5 mL (2.5 rwsol) of hexamethyldisilane) followed by
0.253 g (1.2 m@ol) of ethyl 3-bromopropyl acetaldehyde acetal.30 after aqueous workup, the crude
product was placed under oil pump vacuum (50°C) to remove starting material, giving 0.310 g of
thick yellow liquid. [(The IR spectrum of the crude product showed the expected C=N band at
1620 cm™!; the NMR spectrum indicated the ethoxyethyl group was intact.] The crude product was
hydrolyzed with oxalic acid as above, giving 0.274 g of a semi-solid product. The liquid part was
carafully removed with a pipet using cold petroleum ether. The solid part was washed with cold
petroleum ether and dried under a stream of nitrogen to give 0.18 g (79%) of hemiketal 11 as a low
melting solid: IR (CHCl4) 3560, 2920, 1235, 1080, 825 ca’l; MR (CDC13) 8 4.5-0.5 with a major
posk at 1.56 (total 16 H), -0.02 (8 H, s); mass spectrum m/z (rel. intensity) 210 ((M-18)*, 9),
182 (13), 167 (11), 137 (100), 73 (48).

2-Bexyl-3-trimethylsilylcyclobsxanons (13 and 14). Using Procedure A, 0.138 g (1.00 mmol) of
cyclohexenone dimethylhydrazone (4) was treated with trimethylsilyllithium (from 0.5 alL (2.5 mmol)
of hexamethyldisilane) followed by 0.21 mL (0.248 g, 1.5 mmol) of hexyl browmide. A solution of
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the crude product in 5 ml of ether, 5 ml of petroleum ether, and 53 ml of 0.5 H oxalic scid vas
stirred at room temperature for 4 days. {After 24 h, the reaction was incomplete). After aquecus
workup, the crude product was evaporatively distilled (130°C, oil pump vacuum} giving 0.19 g (75%)
of ketongs 13 and 14 as a colorvless liguid: IR {Ffilm) 2030, 2880, 1705, 1250, 83s o l; MR
{(CDC1q) 8 2.58-0.6% (21.7 H, = {(broad}}, 0.02 (8.2 K, s); mass spectrum mfz (rel. imtensity) 254
(v, 0.13), 239 (0.5), 183 {9}, 170 {16), 169 (25}, 75 (21}, 73 {i00). VPC analysis {SE-30,
170°C, Cygliyg = 13.6 min) showed two major pesks at 13.0 min (13} and 13.3 win (18) in 8 2:1
ratio. A sample for exmcl mass was purified by preparative VPC {containing both I3 and I4); exact
mazs: 254.2063 (calcd for CygHqyg0Si: 254.2066),

Procedure B:  2-Alkylated-3-trimethyisilylercioalksnone dissthylhwiresones. A solution of
10 ol of HMPA and 5.0 mL (25 mwol) of hexawethyldisilane (containing & magnetic stirver) was
cocled In a dry ice-acetone bath {mixturs becomes frozen). Then 20 mmol of methyllithium {low
halide, in ether) was added on to the frozen mixture followed by 50 mbL of THF (in 10 mL portions).
The dry lce-scetone bath was replaced with an ice water bath. Within & minute or two, the frozen
mixture melted sufficiently so that stirring was possible. The mixture was stirred for 13 min
{became bright ved, presumed to be due to Me;SiLi), then immedistely cocled in & dry ice-acetone
bath. A solution of 2.14 g {15.5 smol) of cyclohexenone dimethylhvdrazone (&) in 10 ml of THF was
added, and ths vesulting mixturs was stirred at -78°C for 30 min. Execess alkvlating sgent was
added, and the reaction mixture was stivred for 13 h whils warming to room tempersture. Pentane
{200 ml} was added, and the resulting mixture was poured into 400 mL of water and shaken
vigorously, The pentane layer was washed with water (4 x 100 mL), dried {MgS0.}, concentrated,
and purified, giving the alkylated silyl hydrazone.

Procedure C: 2-Alkylated-3-trisethylailylcycloslkanons devivatives., To an {ce-cooled (at
5°C) solution of 3.4 mmol of the hydrazome {from Procedure B) in 35 ml of scetone and 12 nl of
water was sdded 13.5 mmol of NaHCOq. A solution of 13.5 wmol of N-bromosuccinimide in 35 ml of
acetone was added, and the resulting sixturs was stirred for 2 min at lce temperature. A
saturated NaH30q solution (12 ml) was added. and the resulting mixture was stirred for 1 min, then
poured into 250 ml. of water and extracted with 60 ml of ether. The water layer vas saturated with
NaCl and extracted with two portions of ether, The combined organic extracts were weshed with two
portions of ssturated RaHCOq, wster, dried {ﬂgﬁﬁﬁ}, concentrated, and purifisd, giving the
alkylated silyl ketone.

trans-2-Boxyl-I-trimethylsilylcyclobswanone {13). Using Procedure B, 2.14 g (15.5 mmol) of
eyclohexencne dimethylhydrazone (4) was trested with trimethylsilyllithium (from 5.0 mlL (25 mmol)
of hexamsthyldisilane) followed by 7.0 mL {50 mmol) of hexyl bromide. The crude product was
distilled (bp 109°C, 0.6 mm) giving 3.72 g (§1%) of hydrszone 12 as a light green liquid: IR
(fiim) 2930, 2830, 1630, 1470, 1250, 840 cm"i; mags spectrum m/z {vel. intemsity) 296 (ot 1),
281 (7), 212 {12), 168 {12), 139 (100), 116 {20), 73 (Me,S51%, 80). VPC analysis (QF-1, 170°C,
TagHyg = 3.2 min) showed the major pesk at 2.5 min {93%).

Using Procedure C, hydrazone 12 (1.0 g, 3.4 mwol} was trested with 13.5 mwol of N-bromo-
suceinimide. After agueocus workup, the crude product was subjected to flash chromatography (4%
Et0Ac/ 96X pentane} giving 0.64 g (75%) of ketone 13: IR {film} 2930, 2839, 1712, 1251, 834 em™ iy
MMR (CDCi43 6 2.730 (3 H, m), 1.96-1.0 {15 H, overlapping peaks containing a prominent peak at &
1.22), 0.83 {3 H, broad t), 0.00 (9 H, s); mass spectrum mfz (vel. intemsity) 254 (w*, 5), 239
(2), 183 (10), 169 (40}, 75 (20), 73 {M&3Si*, 100). VPG analysis (QF-1, 170°C, CygHayg = 4.9 min)
showad peaks at 12.5 min (97%, 13) and 14.5 min (3%, 14).

In ancther experiment, hydrazone 12 was hydrolyzed with 0.5 M oxelic scid as in Procedurs A
(room tewp, & davs). VPC analysis under the above conditions showed pesks at 12.5 min (58%, 13}
and 14.3 min {24%, 14).

trans~2-~{3-Tetrabydropyranyloxypropy L )~ 3-trisethylsilyloye lobe s {18}. Using Procedure
B, 2.14 g {15.5 mool} of cyvclohexenons dimethylhydrazone (&) was treated with trimethylsilyl-
tithims {from 5.0 mL {25 mwol) of hexamethyldisilsne) followed by 5.0 g {22 mwmol)} of 3-bromo-

propanol tetrahydropyvanyl ether.3! The reaction mixture was stirred for 12 h at -78°C. The cold
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bath was removed, and 200 mL of pentane wss added. After aqueous workup, the last traces of
starting material were removed under oil pump vacuus (80-90°C), and the residue was subjected to
flash chromatography (30X EtOAc/70X pentane) giving 3.68 g (67X) of the hydrazone 15: IR (film)
2949, 2857, 1626, 1249, 1035, 836 e’ l; em (CDC14) & 4.53 (1 H, crude t), 3.87-3.61 (2 H, n),
3.94-3.30 (2 H, ®), 3.16-2.97 (1 H, m), 2.37 (6 H, s), 1.94-1.35 (18 H, overlapping peaks), 0.99
(1 H, @), -0.03 (9 H, 5); nass spactrum m/z (rel. intensity) 354 (M*, 35), 339 (1), 269 (25), 253
(15), 212 (10), 139 (80), 85 (50), 73 (Me3St*, 100).

Using Procedure C, hydrazone 15 (1.3 g, 3.67 mmol) was treated with 14.4 mmol of N-bromo-
succinimide. After aqueous workup, 1.1 g (96X crude yield) of ketone 16 was obtained as a nearly
colorless liquid: IR (film) 2946, 2866, 1709, 1250, 1035, 836 ca”l; R (CDC14) & 4.54 (1 H, crude
t), 3.91-3.62 (2 H, m), 3.55-3.29 (2 H, m), 2.47-2.21 (3 H), 2.10-1.42 (15.6 H, overlapping
peaks), 1.05 (0.5 H, m), 0.02 (7 H, s); mass spectrum »/z (rel. intensity) 210 (M* - 102, 10), 195
(1), 182 (15), 137 (100), 73 (He3Sl¢. 35).32 Attempts to distill ketone 16 or purify it by flash
chromatography led to decomposition.

Basyer-Villiger reaction of silyl ketome 2. To a solution of 6.76 g (33.3 mmol) of MCPBA
(85%) in 175 mL of methylene chloride was added dropwise a solutjon of 3.30 g (16.6 mmwol) of silyl
ketone 2 in 10 mL of methylene chloride. The resulting mixture was stirred at rooe temperature
for four days. Saturated NaHSO; was added, and the mixture was vigorously stirred for 1S5 min.
The layers were separated, and the aqueous layer was extracted with methylene chloride (2x) and
with ether. The combined organic layers were washed with | N NaOH, saturated NaHCO,, were dried
(MgSO,). and concentrated. The last traces of solvent were removed with a stream of nitrogen
giving 3.360 g (942 crude yield as lactone 18 and/or 19) of a slightly yellow liquid: IR (film)
2970, 1740, 1255, 1035, 840 ca™!; NR (CDC143) & &.48 (1 H, m), 2.70 - 1.22 (8 H, broad m), 0.96
(4 H, crude t), 0.08 (9 H, s). The product appeared to be unstable to VPC analysis.

trans-5-Octenoic acid (23). To an ice-cooled solution of 3.311 g of the above lactone in
100 mL of methyleno chloride, 8.0 mL of BF3-Et,;0 vas added dropwise. The reaction mixture was
varmed to room temperature, and stirred for ] hours at room temperature, then poured into
saturated NaHCOj overlaid with ether. The layers were separated, and the organic layer was
extracted twice with saturated NaHCO3. Methylene chloride was added to the coabined aqueous
extract, and the mixture was cooled in an ice bath, and acidified to pH 1 with 1 M H,;50,. The
layers were separated, and the aqueous layer was extracted with methylene chloride (3x). The
oethylene chloride extract was dried (MgS0O,), concentrated, and evaporatively distilled (120°C,
oil pump vacuum) to give 1.392 g (60X froa 2) of trans olefinic acid 23 as a colorless liquid,
having an IR spectrum in agreement with that reported;JJ MR (CDCl3) & 5.42 (2 H, s broad), 2.50-
1.20 (8 H, m), 0.96 (3 H, t, J = 7 Hz); mass spectrum m/z (rel. intensity) 142 (M*, 3), 124 (19),
96 (14), 82 (43), 67 (64), S5 (60), 41 (100). VPC analysis (SE-30, 170°C, Cy,Hpq = 2.0 min)
showed the only peak at 1.7 min (100X peak area).

trans-6-Nonen-2-one (25). To an ice-cooled solution of 0.770 g (5.41 mmol) of trans olefinic
acid 23 {n 80 ml. of anhydrous ether was added dropwise 6.9 mL (10.8 mmol) of methyllithium (1.56 M
in ether). The resulting mixture was stirred at room temperature for 4 h, then poured into 200 mL
of crushed ice containing 40 mL of 1 N HCl, and the layers were separated. The aqueous layer was
extracted with ether (3x), and the combined organic layers were washed with saturated NaHCO,,
vater, dried (MgS0,), concentrated, and evaporatively distilled (110°C, 25 =m) to give 0.528 g
(70X yield) of the trans olefinic ketone 25 as a colorless liquid, having IR and NMR spectra in
agreement with those reportod;“‘h'i'l mass spectrum m/z (rel. intensity) 140 M+, 1.3), 125 (1.3),
111 (2), 82 (29), 67 (68), 55 (19), <3 (100). VPC analysis (SE-30, 170°C, CygHyz = 1.3 min)
shoved the major peak at 1.5 min (98% of peak area).

endo-Brevicomin (27). Trans olefinic ketone 25 (0.100 g, 0.7) mmol) was treated with 0.175 g
(0.86 mmol) of 85X MCPBA in 9 ml of methylene chloride (0°C, 1 h).34 Bvaporative distillation
(60-65°C, 20 em) of the crude product gave 0.089 g (80X) of endo-brevicoain (27) as a colorless
liquid, having IR, NMR, and mass spectra in agreement those roportod.llb VPC analysis (SE-30,
130°C, Cy Hy4 = 3.7 min) showed tvo peaks at 2.8 min (5%, 26) and 3.3 min (95Z, 27).
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gro-Brevicomin {(26). To & solution of 0.300 g {2.14 mwol) of the trans olefinic ketone 25 in
5 mb of t-butyl aleohol was sdded 0,323 g {2.91 mmol) of trimethylamine N-oxide dihydrate, 0.2 ml
of pyridine, and 1.3 wl of water. To this was added 0.3 ol of 3 solution of csmium tetvoxide in
g-butyl aleohol {2.5% wiv}, and the resulting resction mizture wss heated at reflux for 20 k.53
The mixture was cooled to voom temperature, and 15 ol of saturated NaHS04 was added. The mixture
wag satuvated with sodium chloride, acidified with 20 ml of concentrated BCl {to pH 2}, and
stirred for @ h at room temperature. The resulling mixture was extracted five times with ether,

and the ethar extracts were washed w turated NaHC(O,, saturated

d NalGO4q, Hall, =
{Mg80,) and concentrated. The t-botyl aloohol was removed by distillation (room tempervature, 100-
50 wm}, snd the residue was evaporatively distillad {100°C, oil pusp vacuum) to give 0,265 g (793}
of exp-brevicomin 26 as a colorlsss liguld, having IR and NMR spsctra in agresment with those
fepQ?tEﬁ.iBb VPC analysis (8E-30, 140°C, CyiHp, = 2.5 min)} showed pesks at 2.0 min {$6%, 28} and
2.4 min (4R, 27).

axo-Brevicomin (26) from silyl ketone 2 via gig~S-octsmoic scid {22). Using a procedure
similar to that described sbove for the preparation of the trans acid 23, 1.50 g of silyl ketone 2
wag subjected to Rsever-Villiger conditdons giving 1.26 g {781 crude vield} of lactone {18 andior
19}, having similar IR and MMR spectra to those described above.

To & solution of 0.944 g {14.3 mwol} of potassium bydroxide (83X} in 43 ml of water and 3§ mi
of wethanol was added dvopwise 2 solution of 1.06 g (4.94 wwol) of the crude lactone in § mb of
methanol. The resulting mixture was stirrved at room tespevature Tor 26 h, and then poursd into
water overlaid with ether, and shaken well. The layers were sepavated, and the sther layer was
extracted with saturated NaHCO, {snd discarded). Ether was asdded to the combined agueocus extract,
and the resulting mixture was cooled in an ice bath and acidified to pH 4 {using a solution of
buffer prepared from 13 g of NaMpPO, Ho0 and 5 ml of concentrated HpSO, in 100 nb of water). The
layers were sepaveted, and the aguecus layer was extracted with ether {3x}. The combined orgsnic
lsyars were dried {Mg8S0:) and concentrated to give 0.98 g (85X crude yield} of silyl hydroxy acid
{20 andfor 21) a8 & clear vellow liguid: IR {Ffilm} 3450 {brosd), 2080, 1720, 1253, 1030,

840 cn”l; NMm {CDCLq) & 4.46 (2 K, m}, 3.78-0.66 {broad peaks) overlapping with 3.47 (s, emchanges
with Do0) and 0.96 (erwle t) {total of 14.8 H), 0.06 (7.1 H, 8).

To a suspansion of potassium hydride (4.52 g of & 22.5% slurry in oil, wsshed with 3 x 15 mb
of petroleum ether, 25.4 mmel) in 40 ml of THF was added s solutisn of 0.77 g (3.3] meol)} of the
silyl hydroxy scid in 5 sl of THP. The resultisg wmixture was stirred st room temperature for 5 h,
then carafully added {with & syrings) to 80 ml of ssturated NaHCOs overlaid with 60 wl of sther.
The layers were sepsrated, and the sther layer was extracted with saturated NaHCQq (2x} {and
discarded). To the combined aqueous extract was added 60 sl of ether, and the mixture was cooled
in an ice bath, and acidified to pH 3 with 3 M Ho80,. The layers were separated, and the aquecus
layer was extracted with ether {3x). The combined organic layers were washed with watsr, drisd
(MgB0,), concentrated, and evaporatively distilled {(120°C, oil pump vacuum) to give 0.40 g {85%)
of gis-S-octencic acid &2 as e slightly yellow liguid, having an IR spectrun in agresment with
that regsytsﬁ33 for 22 except for the presence of & amell peak at 988 e}, presumably dus to the
trans {somsr (23); WMR (CDCI4) & 5.38 (2 H, w), 2.45-1.25 (8 H, m broad), 0.94 {3 ¥, ¢, J = 7 Ha),
The mass spectrum was essentiaslly identical to that of the trane isewer {23}. VPO analysis
{8E-30, 170°C, CypHiyg = 2.0 min) showed the major psak at 1.7 min {98%),

Using & procedure similar to that described above for the preparation of Lrans-6-nonen-2Z-onsa
{25} from acid 23, 0.280 g {1.97 mool) of cls olefinic scid 22 in 30 ml of snhydrous ether was
treated with 2.5 aL (3.9 sewl) of methyllithiuws (1.56 K in ether). HEvaporative distillation of
the crude product (30°C, oil pump vacuum) gave 0.110 g (40% vield) of the cis clefinic ketona 24
ax & colorless liquid, having IR and NMR spectra in sgremmwent with those zaparted,i“i and & nass
spactrum very similar to thet of the trans isomer 2%, The low yield may have been due to loss of
sample during removsl of solvent and during distilletion. VPC analysis {(SE~-30, 170°C, CyigHan =
1.3 min} showed the major pesk at 1.5 min (97% of peak aves).

Dlefinic ketone 24 (D.065 g) was treated with WCPBA in methylene chloride’® followed by HC10,
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to give 0.057 g (79%) of exo-brevicomin (26) as a colorless liquid, having IR, NMR, and mass

spectra in agreement with those roported.”b VPC analysis (SE-30, 130°C, CjgHzp = 2.5 min) showed
the major peaks at 2.8 min (87.5% of peak area, 26) and 3.3 min (12.5% of peak area, 27).
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0 0
. (5)
SiMe,y +
i (m/z 210) (m/z 137)

Howton, D. R.; Davis, R. H. J. Org. Chem. 1951, 16, 1405-1413.

The transformation of trans olefinic ketone 25 to endo-brevicomin (27) has been carried out
under similar conditions. l48.c.i,1

The transformation of trans olefinic ketone 25 to exo-brevicosin (26) has been carried out
under similar conditions.l4d.1

The transformation of the cis olefinic ketone 24 to exo-brevicomin (26) has been carried out
under simtlar!48:b.8.1.) conditions. IR and MR spectra of the crude product (before
treatment with HCl0,) were very similar to those of exo-brevicomin, suggesting that the acid

treatoent was unnecessary under our conditions.



