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-q: Trfmethylsllylllthlu undergoes conjugste sdd1t1on to d1methyl- 
hydrazones of a.D-unsstursted ketones. The resulting rtslloonuIne 
Lntexnedlstes csn be slkylsted. and the resulting hydrsrone products clesved 
to g1vs a-subst1tutsd-Es1lyl ketones. These reactions, together with s 
sllicon-dlrsctsd Bseyer-Vllligsr rssctlon. hsve been sppllsd to the synthesis 
of brevicomln. 

Severs1 ye.rs .RO, we dmnstrstcd thst Bseysr-Villlger resct1ons of O-trlmthyls1lyl ketones 

ore directed by the silicon to give esters of 0-hydrorysilsnes.2 Since P-hydroxysilsnes of 

defined stercocharlstry csn be converted to oleftns of dsf1ned stersochsristry ~1s stereospeciflc 

D-cllmlnst1on resct10ns,3 these resctions csn be used to convert cyclic P-silyl ketones (I-keto- 

silsncr) IO oleflnlc csrbonyl compounds vlth control of double bond StoroochrPlstry. 2 Sub- 

sequently the Beckmsnn frsgmantst1on resctlons of D-sllyl ketones hsve been found to be directed 

by sillcon to yield olef1nlc nltrlles.’ snd related frsgmentst1on resctions of r-hydroxysllsnes 

snd -stsnnsnes. lesdlng to oleflnlc csrbonyl cocppounds, hsve slso been investlgsted.5M7 ID-SLlyl 

ketones have slso been used ss precursors to moms. with the nilyl group serving ss s protect1nR 

group for the double bond.8] 

For these resct1ons to h mst useful in orgsnlc synthesis. methods for the synthesis of 

a-substituted-D-s1lyl ketones of deflned stereochamlstry sre needed. Of the various methods 

reported for the prepsrstion of O-sllyl ketonss,8-11 the conjugste sdditlon resctlons of enones 

with He3StL1 reported by Still.’ snd of (F’hHa2Si)~CuLI snd other sllyl cuprste reagents reported 

by Plamlng.8b*d~10 promise to be the most versstlle. These resctlons Inltlslly generate cnolstes 

vhich csn. ln principle. be trspped by s vsriety of electroph1les to give s vsriety of a-sub- 

stltutsd-O-sllyl ketones (1) (see eq 1). However. these types of enolstes have only been reacted 

0 I- cm 1 0 

1 

with resctive slkylstlng agents such ss mthyl iodide snd sllyl broa1de. g1vlng the slkylsted 

k,ton,s8b.d.q.lDb.c ( as wll ss ulth proton sources. glvlnR the unslkylsted ketones, snd w1t.h 

Me+tCl. g1v11-4 the silyl enol ethers). The stereochemIstry of the product (1. E - R - Me) froca 

the resction vlch methyl 1odlde vss shown to b trsns.’ Act-ted resctlons of these types of 

snolstes vlth less rssctivo slkylstlnp agents such ss pr1ury slkyl Iodldes were not 

s”ccessf”l .Rb*d*9* 12 

In the course of our work on the USC of Rseyer-VllliRor ructlons of O-sllyl ketones In 

synthssis, we required s Iore versstile synthesis of a-substituted-D-sllyl ketones. Ye report 

hsre that He3SiLl undergoes conjugste sdditlon to a.0-unsstursted dlwthylhydrstones; Chst the 
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ulch KH in THP gave the cls oleflnic l cld 22, end treetmnc of 22 with methyllIthIum gave the cis 

oleflnlc ketone 24. lihcn 24 wee treeted with YCPBA followed by 0.1 fi tiClO,,. l mixture of exe- and - 

e*-brtvicomin (26 and 27) was obceined in l rat10 of 87.5:12.5. rcnpec~ivcly. Ue hlieve the 

loss of scorsocbe~fcel purity mey have been due Co Co l eemil mount of entf-tliminataon (co give 

the crens oleflnic l cId 231 during the seponfficetion step. Therefore we dcctdtd CO try co 

prepere the crew olcfinic l cid (23) directly from the eilyl lectone. 

Treecunt of the silyl 1ecLone (16 end/or 19) with Bl3.EC2O In methylene chloride *eve the 

trims olefinlc l cid 23 in 60X ovarell yitld from 2. Treetmnt of 23 with methyll~thiw geve trens 

oleflnlc ketone 25 in 702 yield. Although YO wre uneblt Co determine the lsomerlc purity of 23 

end 25 by VPC comparison with the cfs fsoocrs (22 and 24) prepered l bove, their purity could be 
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at -78-C for 1 h. Facesa l lkyleting agent was added. and the reaction mlxture was l clrred for 

26 h while uarmlng Co rock Cempereturs. The resulclng slxcuro was poured into water overla!d with 

petroleum ether. The organic layer was washed with LYO portion8 of water. dried (FlsSO4). end 

concentrated. giving the l lkylated silyl hydrarono. 

The crude product was dissolved in 5 mL of ether and 5 mL of petroleum ethm. 5 mL of 0.5 E 

oxalic acid was added, and the resultIn mixture was stirred at rooa temperature for 26 h. The 

mixture MS then poured into saturated N&K03 and extracted with three portions of ether. The 

c-blned ether extracts were washed ulth water. drfed (H8SO4). concentrated. and purlfind, glvlng 

the alkylated ally1 ketone. 

~-2-6t~l-3-tr~t~~~l~lc~lobumrra (2). Using Procedure A. 1.30 g (10.0 -1) of 

cyclohnxenono dlmethylhydrarone (4) was created with Ha3SlLl (frca 5.0 mL (25 awl) of 

hexamechyld!sllone) followed by ethyl iodide (7.0 mL, 13.65 g. 87.5 -1). and the crude product 

vas hydrolyzed vlth oxalic acid. PurlflcaC!on by evaporaclve d!sC!llaC!on (IlO-120*C. 011 pump 

vacuum) gave 1.59 g (80%) of ketone 2 ax a clear slightly yellow liquid: IR (film) 2970. 1715. 

1250. 835 cm-!; NMR (CDC13) b 2.45-0.63 (8) overlapping with 0.82 (crude t) (total 13.2 H), 0.00 

(8.8 H. s); fhe mess spectrum was Identical co that reported above; exact mass: 198.lGGL (calcd 

for C11H220S!: 198.lCCO). VPC analysis (SR-30, 18O’C. Cl_+30 - 3.7 l in) shoved the major peek at 

3.5 mln (92% of peek area); less than 2X of the cir isomer (3) was present. 

2-Ally1-3-trlrt~ls!lylcycl~ (7). Using Procedure A. 0.138 R (1.00 -1) of 

ryclohexenone dlmethylhydrarone (4) was treated with tr!methylsllyllith!~ (from 0.5 mL (2.5 -1) 

of hexraethyldlsllane) followed by 0.30 mL (O.&l9 g. 3.07 -1) of ally1 bromide. and the crude 

product was hydrolyzed with oxallr ocld. Purification by evaporative dlstlllation (RO-12O’C. of1 

pump vacuum) gave 0.143 g (68X) of ketone 7 as l colorless liquid: IR (film) 3075. 2955. 2860. 

1705. 1250. 910. 835 cm-l: N?!R (CDC13) b 5.9-5.3 (1.2 H, m). 5.15-0.80 (2.3 H. a), 2.10-1.00 

(10.3 H. m). 0.02 (8.2 H, I)); mass spectrum m& (rel. Intensity) 210 CM+. 1.2). 195 (1.8). 169 

(19). 120 (6). 75 (20). 73 (100); exact MM: 210.1411 (talc for C12H220Si: 21O.l(r40). VK 

analysis (SE--30. 170*C. Cl5H-)2 - 0.7 ain) showed the major peak at 5.1 min (96%). 

Baiknta1 9. IJs!ng Procedure A. 0.138 g (1.00 -1) of cyclohexenone dlmechylhydratone (4) 

wax treated with trlmethyls!lyll!th1r (fros 0.5 mL (2.5 -1) of hexamethyld!sllane) followed by 

0.7 mL (0.58 g. 10 caral) of propylene ox!de. and the crude product was hydrolyzed vlth oxalic 

acid. Pur!flcat!on by evaporatfve d!st!llatlon (85-IlO’C. oil pump vrcuur,) 8ave 0.186 g (822) of 

her!kecal 9 as a chick colorless llquld: IR (film) 3420. 2930. 1250, 855. 833 cm-l; NMI (CDCl3) 

b 4.30 (1.1 H. 8). 3.45 (1.1 H. m), 2.47-0.53 (13 H. m (broad)). 0.00 (9 H, I); mass spectrum m& 

(rel. Intensity) 210 ((M-18)*. 7). 195 (5). 137 (100). 73 (50); exact mass: 228.1544 (talc for 

C12H2,,02S!: 228.1516). WC analysis (M-30. 17O’C. CllH30 - 3.7 aln) showed the mJor peak at 

3.6 mln (96%). On the basis of the retention time. t.he product 1s twlieved to undergo dehydration 

on the VPC column Co the enol ether. 

hiketal II. I:slng Procedure A. 0.138 g (1.00 wool) of cyclohexenone dtaechylhydratone (4) 

was Created with crlmethylsllyll!th!u (from 0.5 mL (2.5 cool) of hexrmcthyldlsllene) followed by 

0.253 g (1.2 -1) of ethyl 3-brcaopropyl l cetaldehyde e~etal.‘!~ After aqueous workup, the crude 

product was placed under oil pump vacu(~ (5O.C) to rave sterCln8 mat.er!al. Riving 0.310 R of 

thick yellow llquld. [The IR spectrum of the crude product showed the expected C-N band at 

1620 cm-l; the NWR spectrum lndlcaced the ethoxyethyl group was intact.) The crude product. was 

hydrolyzed urth oxalic scld as above, grvlng 0.274 8 of a semi-solid product. The llqu!d pert was 

rernfully removed with a piper using cold petroleum ether. The solid part was washed with cold 

petroleum ether and drlsd under a stream of nlrro8en Co give 0.18 R (79%) of healketal 11 ax a low 

melting solid: IR (CHC13) 3560. 2920. 1235. 1080. 825 cm-‘; N?Gl (CDCl3) b &.S-0.5 wtth l major 

pnak et 1.56 (total 16 H). -0.02 (8 H. 9); mass spectrum m& (rel. Intensity) 210 ((M-18)‘. 9). 

182 (13). 167 (11). 137 (100). 73 (68). 

2-auyl-3-triatbyl~llylcycl~ (13 aad 14). Uslng Procedure A. 0.138 g (1.00 mol) of 

cyclohexenone dlmethylhydrazone (4) wan Created u!th tr!rChylrllylllCh!r (from 0.5 mL (2.5 msol) 

of hexrsechyldlsllxne) followed by 0.21 mL (0.248 g. 1.5 -1) of hexyl brarde. A solution of 
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bath YJS rmoved. and 200 ml. of pontme YJS added. After .queous workup, the law traces of 

starting uterlal were removed under oil pump vacuum (80-PO’C). end thm res1dus was xubjected Lo 

flash chrwtography 00X EcOAc/70X pentans) giving 3.68 8 (67X) of the hydrazone 15: IR (film) 

2909, 2857. 1626. 1249. 1035. 836 cm-l; CWR (CDC13) b 0.53 (1 H. cru& t). 3.87-3.61 (2 H, 0). 

3.54-3.30 (2 Ii. 0). 3.16-2.97 (1 H, m). 2.37 (6 H. s), 1.94-1.35 (18 H. ovorlepplng peaks). 0.99 

(1 H. m). -0.03 (9 H. a); mess spectrum m/L (rel. intensity) 354 (rc*, 35), 339 (1). 269 (25). 253 

(15), 212 (10). 139 (80), 85 (50). 73 (He3S1+. 100). 

Using Procedure C. hydratone 15 (1.3 8, 3.67 -1) was treated with lb.4 mol of N-brmo- 

succlnlmlde. After aqueous workup. 1.1 g (96X crude yield) of ketone 16 wax obtained as a nearly 

colorless liquid: IR (film) 2966. 2866. 1709. 1250. 1035. 836 cm-‘; MR (CDCl3) b 4.54 (1 H. crude 

1.1. 3.91-3.62 (2 H. m), 3.55-3.29 (2 H. l ). 2.&7-2.21 (3 H). 2.10-1.62 (15.6 H. overlappin 

peaks), 1.0s (0.5 H. n ). 0.02 (7 H. s); masx spectrum rnb (rel. intensity) 210 CM+ - 102, 10). 195 

(1). 182 (15). 137 (100). 73 (NejSl+, 35).” Attempts to distill ketone 16 or purify It by flash 

chroutoRraphy led to decomposition. 

CueFr-Vllllgmr -tim of 811yl katane 2. To a solution of 6.76 8 (33.3 -1) of HCPBA 

(85X) In 175 mL of methylene chloride was added dropvlse l solution of 3.30 g (16.6 -1) of sllyl 

ketone 2 in 10 mL of methylene chloride. The resulting mixture was stlrred at room temperature 

for four days. Saturated NaHSO3 was added. and the mixture wax vigorously stlrred for 15 mln. 

The layers were separated. end the aqueous layer wax extracted with laethylene chloride (2x) and 

with ether. The combined or8anlc layers were washed vlth 1 N_ NaOH, saturated NaHCO3. were dried 

(fIgSO,). and concentrated. The last traces of solvent were removed ulth a stream of nitrogen 

giviq 3.360 8 (9&X crude yield as lactone 18 and/or 19) of l slightly yellow liquid: IR (film) 

2970. 1710, 1255. 1035, 810 cm-l; NMt (CDC13) 6 0.08 (1 H. m). 2.70 - 1.22 (8 H. broad m). 0.96 

(& H. crude t). 0.08 (9 H. s). The product appeared LO be unstable to VPC l nolyxlx. 

trams-S-Octmolc acid (23). To an Ice-cooled solution of 3.311 8 of the above laccone ln 

100 mL of athylenn chloride. 8.0 mL of BF3.Et20 was added dropvise. The reaction mixture wax 

warmed LO room temperature, and stirrod for 3 hours at room temperature, then poured into 

saturated N&K03 overlaid with ether. The layers were separated. and the organic layer was 

extracted juice ulth saturated h’aHCO3. Methylens chloride was added to the combined aqueous 

extract. and the mixture was cooled in an Ice bath. and l cidlfled CO pH 1 vlth 1 E H2SOb. The 

layers were separated, and the aqueous layer wax extracted with wthylona chloride (3x). The 

methylene chloride extract was dried (FIgSO,), concentrated. and evsporstlvely dlstllled (12O’C. 

oil pump vacuum) to give 1.392 8 (60X frca 2) of trane oleflnlc acid 23 as a colorless llquld. 

hWIng an IR spectrum In agreement with that reported;33 BfR (CDC13) b 5.12 (2 H. s broad). 2.50- 

1.20 (8 H. m), 0.96 (3 H. t, 1 - 7 Hz); mass rpectrum rnb (rel. lntenrlty) 142 CM+. 3). 12b (IS). 

96 (14). 82 (C)j. 67 (64). 55 (60). 41 (100). WC anelysls (SE-30. 170*C, C12H26 - 2.0 min) 

shoved the only peak at 1.7 min (100X peak area). 

trrru-6-Nonen-2-m (25). To an Ice-cooled solution of 0.770 R (5.01 anal) of cram oleflnic 

acid 23 in 80 al. of anhydrous ether was added dropwiso 6.9 mL (10.8 -1) of rethylllthlum (1.56 !j 

in ether). The rssultinR mixture was stirred at room temperature for I h. then poured into 200 mL 

of crushed Ice contalnlng GO mL of 1 E HCl, and the layers were separated. The .queous layer “.s 

extracted with ether (3x). and the coablnad organic layers were washed ulth raturated NaHCO3. 

wat.er. dried (H8S0,). conrentreted. and evaporeclvely dlstllled (1lO’C. 25 m) to Sive 0.528 8 

(70X yield) of the trans oleflnlc ketone 2.5 ax a colorless liquid. having II? end PwR spectra In 

agreement v1th those reported;14h*i-1 mess spectrum rnb (rel. lntenslty) 140 CM+. 1.3), 125 cl.)), 

Ill (2). 82 (29). 67 (68). 55 (19). L-3 (100). VPC analysis (SE-30. 170*C. ClOH22 - 1.3 mtn) 

shoved the Mjor peek at 1.5 n ln (98X of peak area). 

rdo-Btalcarln (27). Trann olefinlc ketone 25 (0.100 8. 0.71 1~01) was treated ulth 0.175 8 

(0.86 awl) of 85X HCPBA in 9 ml of ethylene chloride (O’C, 1 h).34 Evaporative distillation 

(60-65’C. 20 mu) of the crude product gave 0.089 8 (80X) of sn>-brsvicoain (27) ae a colorless 

liquid. heVing IR. SHR, and mass rpcccrx In agreement those reported.13b VPC xnelyrls (M-30. 

13O’C. Cl 1H2,, - 3.7 mln) shoved two peaks at 2.8 min (5X. 26) and 3.3 min (95X. 27). 
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to glvs 0.057 8 (79%) of s-brevica1n (26) l s l colorless liquid. tuvlnB IR, MR, and mess 

spectra ln l gresant vlth those reportsd.13b VPC aalynis (SE-30. 13O’C, ClOH22 - 2.5 q lnl *hewed 

the major peeks at 2.8 l in (87.5X of pellr area. 26) and 3.3 mln (12.5X of puk area, 27). 
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Compound 16 may be undergoIng decomposition to the enol et.her I In the gas chrwcographlmens 

rpwlrometer system; t.his would account for the peaks at 210 and 137. 
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The trwwforastion of trans olefinic ketone 25 to cndo-brevicain (27) lus been carried out 

under slmllor condltions.lb**C~i*l 

The transformstlon of tram olefinic ketone 25 to z-brcvlcain (26) has been carried out 

under similar condttions. 146.1 

The rranrformatlon of the cly olefinlc ketone 24 to E-brevlccwln (26) has been carried out 

under slr~il~r’~e*~~~*~~j condlclons. IR end HIR spectra of the crude product (before 

treatment with HClO~) were very similar Co those of E-brevicomin. suggesting that the acid 

treatmnt was unnecessary under our condfttons. 


