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ABSTRACT - 60fW JnnulJtioIl, hydroborJtim-CJrbonylJtiOn, Of SUbStituted 1.5.9~&CJ- 

tricncs UJS utilized to prtp~re the CJdinJne SeSquiteTMe systm. 5tereochJmicJl 

JspeCts Of the trim hydrobontion process Jnd the CJrbonylJtiOn r?JCtiOn hrve been 

Jnrlped through 9lC SepJrJtiM Of bOmJte l SterS. 5trUCtUrJl JSSigmtS for 

these esters md their oxibtton (H202/LOH) products were wade through high field 
1 H-W Jnd other physical Jnd spcctrrl considerrtloms. 

On InitlJting studies of boron Jnnulrtions 

rtlJted to nJturJ1 product Synthesis W chose 

Jn initlrl m&l trim system which uould 

provide teChniCJ1 skills JS roll JS sane pre- 

dictive stereochemicrl infowtlon concerning 

tJ!& hydrObOrJtiO+CJrbonylJtim process. Spe- 

CificJlly, trienc 1 UJS chosen JS this Mel 

kcJUS0 Of JCCeSSibility Jlld the I’McsblJnCJ 

Of the bOfC4l JVHlUlJtiOn products t0 nJtUrJ1 

odinrnes. 

Tr%ne lrrs preprlrd by coupling gerrnyl 

chloride with rllylic SrignJrd rergents 

(rthyJllylmJgnesim or l llylm~gnesiun chloride) 

Jccording to the proce4ure of Stork.' Hydro- 

borJti0ll and CJrbOnylJtiOn Of trim 1 WS 

l ffuted under J vtrirty of conditions yielding 

crtiinol 2 JS J l ixtum of iswrr. For 

rxrrplr. trim 1(25 moles) WI tmrted with 

Etfll'M3 (25 noles) in diglm (5 mls) until 

'H-m Of the rtJCtiM l ixturc WI Jbsent Of 

vinyl proton ~sownces, fomlng 2 (aOr, 

bpl5. 142.). cartKmylJtion of 2 with CO 

(1500 psi. 150%) in ethylene glycol foorrd 

boron~te 5 Jnd then rlcohol 1 Jfter oxibtion 

(~'3V$02, 6UZ froa r, bp0.3, 125*).2 

TRe crdlnol-like rinQ systu YIS IrJdily COP 

firrd by SeletIim JmtizJtim t0 kMm 

nJphthJlWIe SyStWS. 5*6 AdditiIXlJl StruC- 

turrl infornrtion UJS difficult to ObtJin on 

these UnfunCtimliztd nJCtiOn prodUCtS. 

$9 "202 -2 

R 
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hcuever. Jccording to Brow~,~ om uould mti- 

ciprte J stepise hydrc&wJtion follaing the 

wll Qcrmcnted Jnti-MJrkonikoff. cis- 

JdditiOfl fOMt. thus. the hydroborrtion of 

5-(E)-6.10-dinethyl-1.5.9-undJtriene (1. 

R=H)" is preswbly i+litiJtrd by J CiS- 

Jdditicm to double bond 'J', boron Jdding to 

the less hindered end of double bond .J' to 

give the rmoJlkylborJne I. Intrmleculrr 

Jdditiw t0 trJnS double bond "b" in J CiS- 

mQioselective prwess ant result in Jn 

l ventuJ1 l trJns. relrtionship for tlw C-l Jnd 

C-10 protons (CJdinJne nmbering) In ~11 

bicyclic products (e.g., *, below). The 

finJ1 Jddition to double bond 'co. fotming 1. 

rwld be region but not stemosrlective.wIth 
Driedin~ sdcls suQQestinQ& should be fJrrOrcl 

Over & dur to J FTStriCtrd JpWoJCh to 

double bond 'co.12 Finrlly, CJfiXmylJtim Of 

& Jnd 2 uould fom the mpcctive e end 

trln, decrlin bOrWIJtcS ($J.b.C,d) md thCn 

JlCohOlS @J,b.c,d) up01-1 OxidJtiOn. 
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athyl m!ronancrs filch Jre very slrrilrr an4 

1 mdelt of these car6mlds suggest 11tt1a 

3J shlalding or deshiclding effect by the boron 

R+ 7 

3b 
ester group; (5) After oxldatlecr of the puri- 

fled bomnite esters to rlcohols, incrcrntrl 

Jdditii3o of J lrnthrnik shift relgent 

R=H,CH3 
(~u(f~)3) deshielded the following kinds of 

resonaMes @oonQ) rtlJtiVe to the vjority 

OfthehydrocJrboomvelopc: &tam 

&ttrptS to Cootim these pOStUIJtM by Up& 

-tiUlS Of CJrblnOlS &tJiIe&13 Success Was 

tinJIly realized VlJ prqWJtlve 9~s chmw- - 

togrrphy (SSfE-30) of tha borofuta esters, 

*, rhlch mult~d In tour isoarlc products 

UhOSe p~l1miMry StWCtWJI JSsimtS *rre 

hsad ae the follorly): (1) The mre rigid, 

plater trrns dacalln system should l luta later 

than cls dullins on J Slllcma palmr colran.' 

Irorrs 4&mb~should hove CaprrJble mtm- 

tiOll tial Jnd II% ewttd t0 dUt* kfO8W 

trUIS is#rS & Jd 9; (2) &droborJtiOa 

should trvor lsarr g(vl4a sugrr) god there- 

fore should yield mre of cls mb trans decJllnS 

2 Jnd & tku, 5 md 9 (74/26); (3) The mst 

him&W boronrte should be the mst mistrnt 

tn oxldatlon. Structure ~bas ferlstmt to 

Oxldrtion md rlso exhibited wsurlly shielded 

~~ pd (1%) 

ox. 

vthyncs andJrthy1 qMup,~Ohemathym an4 

nsolutlon of the lso~ropyl group lnto two 

doublets, & tm mthynes, Jnd 24 one athyne. 

In 6rfJm's synthesis of 94KJ101S tra 

1.4,8-nonatriaoeg eox of the CJrbOflyIJtiOfl 

pmdvcts WR cis &cJllns. If the structurrl 

JSSiQvrntS Strted JbOVJ JR COWUt, OIIt Ob- 

stwes J SiDiIJr high ratio of cis to trns 

decJlins tonrd tm intemediJte &. In con- 

trrst, 3& prestmbly gives J much higher pro- 

portion of trlns decJlin due to steric lnflu- 

tnct of tht C-7 Isopropyl group rhich hinders 

JpproJCh of to to the s-face of &. This 

S@#eStS thJt OXycJcn ends Up on the Side Of 

tha boracycle rrhich CO Is likely to JplWoJch. 

hddltltmal studies bslQwd to cmfim or 

refine this obsewatlon ore non uhder wy. 
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EXPERIClENTAt 

rRdrtsw mcordedonrfthetr Reckxmn 

kcultb I or I 3ecknun 4210 Spcctmettr- 

rcter. 
t H-U@ wtrc mwfkS on a WF~M 

fK36a4 Spectmaetcr using a trtruathyl- 

stlrnc Intemrl StJnbrd. High tfeld 'H-))lp 

wre recorded on (I Baker UP-200 (200 Hz) 

rnd a Broker HI-400 (100 W) usfng a CCC13 

tnttrcul stmdwd. All coupling constants 

we in Hertz. '3c-NM were recorded on a 

Yarirn CFT-20 Spectmnrter. Ihss spectral 

drtr wem obtained usfng a HitWibi-?ffrkf?I 

flrt W-6. Uv drtlrrs recorded on a 

8x-n @&let 35 SpectmpbotMtter. Aft 

teqeratures wtrt urcormted. 

- prepared wording to the pact- UdalelW 

dure of Tak,hashi,6 the TLC,' 'MWL6 fR and 

UV7 and the rlting point of Its pIcrrtt ' 

nn in rgmwa!nt with ltttratum VJhS. tts 

(70 eVf I/e 198 (57 re.S), 183 (lOOI. 

I-tsopmpyl-l-rthyllnphth~~~ - formed by 

the slllt pmcedwe as w&Me. Itlgelmhr 

distilt~ticm (85". 0.10 m). TLC (silica gcf, 

hexme) Rf * 0.57. 1R (filn) 293O. 2340, 

28EO. 1620, ?696, IlSO, 1370, 805 ,-'. 'tt-NPR 

(&Xl,) d 1.3 (d, 5H, J = 7). 2.6 (S, 3Hf, 3.6 

fr. 1H1, 7.2 (a, IN), 7.7 (n, 2H). MS (70 *VI 

de 184 (56 ~1, Z), 169 (la)). Ufdp 291, 

230 m. 

S-(E)-6.lO-Otnthyl-1,1,9-urdrccltrl~ (ll- 

prepared according to the rthod of Stork.' 

its TR, 'H-IWI, md )rls rare in rgmrcrt wtth 

the publtshed vatuar. nc fstlict gel, rwxanel 
‘“t - 0.63. '3C.mt @Cr,t 6 138.6, 135.2, 

130.9, 124.6, 124.0, 114.5, 39.9. 34.2. 27.6, 

26-P. 25.7, 17.6, 16.0. 

3-(f)-2.6,l0-Trirt~u1-1,S,g-un~crtriana 

(1. R-C%,) - prepwed by the swrthodn 

(1. R-H), its III, $i-#l\, mnd KS wcn? in agree- 

-t with litcrwn V~IWS.* nc bilka 

011. Mum ) % ” 0.63. '3c-IfM (C0C13) 6 

14%3, 134.9, 13O.8, 124.6, 124.3, 110.1. 39.9, 

38.0, 26.9, 26.4, 25.7, 22.4. 

COcs~thyl-6-c~diny1-1,3.2-dioxr~ora~t & 

@-H) to a rtirmd soluttat of THF (3O mlrl Md 

H~S(~3~2 (IO tit I.68 Bls* 16.8 llDlf It 

-10' w&r N2 rtrorphere ws Uded S-(Ef-6.%0- 

dirthyl-l&P-w&ecrtrWe (33.0 g. 16.8 1011 

fn dry THF (10 &sj over 20 rfn. Stirring *It 

continued fw I hr. rt -30'. 1 hr. at 0'. and 

0nmlghtetrcYr wqiwrtum. 

The l lxture ~0s trmsftrmd by syringe to cln 

rutoclrve under N2 rtwsphem and l thyle~ 

Qlycol (3.0 g* 48.2 lrrl* 2.9 rq.. 2.7 at 

us Mded. Tlw rutocWe was pressurized 

uith CO (MOO psi) and heated for 1 hr. tt 
!W, then for 24 hrs. rt VW. After cootfng 

to twla ttrpcrrtlw? the l txtunt #S r&w to 
hrxrnt (150 431, pmtittawd with H20 

(2 x 20 mlsf mn4 the organfc Yayer was drfcd 

(MgS04), filtered, and concentrated under M- 

ductd pressure. Medim pressure lfqu(d chm- 

utography (riltce c)rl, CH2C12) rnd subsequent 

Kugelmhr disttllrtfon (140*, 3 ra) afforded 

0.95 g (21% yteld) of l clear, colorless 

‘IQ&d. Data of tin Axtun of isoaert. fs 

as folk%. TX (rflicr get, C!$U2) Ry0.W. 

IR (file) 2960. 2940. 2880, 1460, 13% 1280, 

I206, 1020 al-'. 'H-M (CCr,) 6 0.8-‘1.0 

{m. St), 1.0-2.2 (a, Wi), 4.00, 4.05 (48). 

13C-NM indicated a alxtunc 6f four products, 

the boron&e ester resonances of which we IS 

follous.14 (COC13) d 65.9, 65.4, 65.2, 64.9. 

m (70 av) WC 264 (7 ml. I), 22'1 (RIO), 

151 (26). Elewttal Analysis citcuteted 

72‘.73% C, 11.06% H; found 73.00% C, 11.06% X. 

6C (5% SE-30, f40°. 6' x l/S", v - 50 cn3/*in) 

fntegratfon gwe four mks of the follatfng 

mtention times and mlrttve ireas. t@ 

3 12 min. (25X), s 14 ain, (31%), tr, 18.S 

mtn. (43X), 4d 19.5 &n. (1%). 

Htgh fteldTH-m of the four bwonatr @ster 

obtr(ned by preparative gas chriwtogrrphy 

pmvlded the follalng Lta: 9 400 W 

(COC13) b isopropyl aethyl doublets 0.661, 

0.871 J * 6.5, 0.88, 0.86 J l 7.0. aethyt 

doubltt 0.93, 0.91 J - 7.0, bomrtc ester 

ringfat 4.12; *40O Wz (C0C13) 4 rthyt 

doublet 0.66, 0.67 a l 6.7, isoprvpyl doublets 

0.30, 0.82 J * 6.1, 0.83, 0.85 Y 1 T.3, 

krrarrte ester singlet 4.14; &40O !W (&0C13 

4 rthyt doublet 0.84. 0.85, J = 6.4, rthyl 

doublet 0.87, 0.89. 3 l 6.7, atfiyl doublet 

0.91, 0.93 J - 7.0, bormuta ester singlet 

4.20; 3 200 IWr (COC13) 6 sInglets 0.82, 

0.85, 0.a6, 0.93. 0.69 (twice the 4M of the 

other singlets), borwkrte ester slnglct 4.15. 

6-2;ldinyl-l.3.2-dioukrmlt (I, PM3)'6 

to il stirvwd r&&ion of THF (94 l lsf md 
~~(~3~2 (10 Be 4.9 *IS* 49 -1) at -40. 

wder N2 rtaxphert was added 5-(E)-2,6,1O- 

trirr#yl-'t,iJ-undecatrima Q, s.4 g, 4a.g 

-1) in dry THF (20 rlsf aver 30 rtn, St+- 

ring YIS carttnued for 1 hr rt -Xl*, 1 hr rt 
0*, and evwnigtit rtn#rwapwature. 

Thetixturens transfmrd byryriyk, to 

al ruUKlrveuwlrrn2ataDs*rc!andcthylene 
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glycol (8.7 g, 140 rrol. 3 rq, 7.8 mlsf was 

added. The sutoclave was pnssurizeu Wtth CO 

(16&I pst) and heated for 1 hr at SO”. then 

24 bn It 150.. After cooling to room tem- 

peraturr the nixture WIS added to hexane (150 

mlr), partitioned with H20 (2 x 20 mls) snd 

the organic layer was dried (HgSO,), filtered 

and concentrated under reduced pressure. 

Short path distillation (--llS', 0.35 ucn) rf- 

forded a cloudy colorless liquid. Bediun 

pressure liquid chrmtogtsphy (silica gel, 

CH2C12) afforded 3.9 g (29% yield) of a clear. 

colorless lfquid. abtr of the trixture of iso- 

lcrs is as follmfr. TLC (stlicrr gel, CH2C12) 

Rf l 0.90. IR (film) 2950, 2930, 2870, 1450, 

1385. 1335, 1?:3, 1235, 1210, 1150, 1030, 

9% cm-l. 'H-NMR (COCY3) 6 0.8-1.C (m, 12H), 

1.0-2.0 (n, lW), 4.0 Jnd 4.1 (singlets, totJ1 

IH). 13C-m\ (COC13) IndicJtcd Jt least two 

boronate crterr 6 65.2, 65.0". GC (5: X-30, 

6' x l/8', 150'. v l 55 cm3/nin) broad pert 

5.0 min. 

Elcrcntrl Jnslysis crlculated 73.38% C, 

11.251 H; found 73.70% C, 11+48X H. 16 (70 

au) a/c 278 (7 re1.S). 235 (100) 165 (331. 

200 Wr lH-?Mt gave the following methyl 

resonances (COCl3) 6 0.69, 0.72, 0.76, 0.77, 

0.79. 0.80. 0.83, 0.84, 0.81, 0.95. 0.98, 0.99. 

8orwlrtc ester resonJnces occured at 6 4.03 

Jnd 4.09 (integral 1:2, respectively). 

I-Oerrthyl-6-crd+nol (2_, R=H) General pro- 

crdure- to the boronate esters f~reviously 

iSOlJtJd by PTtpJrJtfW QJS ChrtxnJtOgrJphy, 

SS SE-U), 150". 16' x l/4", v = 100 cm3/min) 

In THFuas Jd&d 5MkOH. Hydrog-en pemxfde 

(30%) UJS Jdded SlOuly Jd the Stirrrd RiXtU+c 

UJS refl uxed . After cooling to room tewerr- 

tWt tk IiXtWt wJS WrtitlOiWd With hJXJW 

Jnd tk O+pJniC IJytr WS$ dried (-SC@, fil- 

tered, and tvapormted under reduced prc5surt, 

JffOrding CleJr, colorlerr, liwids JS per 

TJble I. 

Acknimledgtwntr - WJ grrtrfully rctnaledge 

NIH for support of this work (PHS &rant No. 

&188Q2). 
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'$11 conpounds art rJcemic, fOrUutJ5 indicate 

*lJtive stereochemistry. 
11 
Triene 1 (R-CH3) reacts simitsrly. Although 

the crdinol series 2 (R*CH3) was not sepJ- 
rated by glc. 200 mr 1H-N1(8 indicates it 

may follow the tune trend, based upon the 

rrthyf resonances of 5 (R=CH3) end i (MI). 
12 The B-attachment of double bond c to boron 

hydride 1_1. requires J more strrinrd ring for 

reaching to the "0" face of double bond c, 

thus & should k favored over 2. 

13These 8tt.w ts include multiple glc Jnd 1C 

ChIWJtogrJphiC techniques, Js welt JS dwi- 

VJtiZJttWl. 
14 These boronrte ester retonwicef were ItCOn- 

pJnied by the usury l nvelopt of JlfphJtiC 

resOnJncer. 

‘SBoron is rssmed to be plJnrr in ~11 tri- 

vJlent structures Jnd in structures g Jnd 

$ only one clrrir-chair confowtidn is 

illustrrted. 
16 A n&r of variations of the hyd$orrtion 

process wtpc used. The experiantil section 

reports the~one wit frquwly used. 

Reflux Product wt (mqs) 
Ester (weight) THFfals) N~oH(mls) H202(mlsf T& (h-1 of 1 Jbd yield 

* 59 ng (0.22 -1) 3 0.12 0.10 6 za 40 (87%) 

3 27 w (0.10 mol) 1 0.20 0.16 24 z! 19 (90x1 

+ 145 mg (0.55 Ipl) 8 0.22 0.20 6 (%%I 

$i 6.5 rp (0.025 -1) 1 0.05 0,os 6 (96%) 


