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AbsLrar=t: Allylsilanes containing heteroatom nucleophiles yield cyclic 
products when treated with (NHq)2Ce(N0316. For example, hydroxy and 
amide-containing allylsilanes yield the corresponding tetrahydrofuran, 
tetrahydropytan, and piperidine analogs. These reactions and their 
application to natural product synthesis will be discussed. 

The development of new approaches to substituted tetrahydrofurans, 

tetrahydropyrans, and piperldines is of interest because these heterocyciic 

unrts are found in a wide range of biologically important polyether 

antibiotics1 and alkaloids2. A new route to these heterocyclic units is 

presented, which involves the oxidative cyclization of allylic silanes with 
3 ceric ammonium nitrate . (eq. 1) 

During a continuing study of the chemistry of hydroxy sflanes, we 

recently reported4rs the Ce+4 fragmentation of y-hydroxy silanes and observed 

that this oxfdative fragmentation usually led to keto-olefins of predictable 

structure and stereochemistry. If a double bond was present, however, 

oxidative addition occurred (eq. 21, instead of the expected fragmentaticn, 
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We were intrigued by this ring formation and asked the question whar 

prodtict(sI would be obtained if the remote double bond were p to a 

trlmethylsilyl group. Consequently, 1-trimethylsilyl-6-hydroxydec-2-ene La 

was treated with (Nfi4)2Ce(N03)6 (eq. 3) and the formation of 
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S_vratEsts SC 2i.sdxLa Rrlvr iiztihaner 
'Fhe allyl-TMS aldehydes 4 were obtained from the Claisen rearrangez~.?~~ 

rottt(t we have reported7 earifer, The general synthesis of the affyl-THS 

aicc:~c:s involved the treatmenr of the aldehyde with the approprlare anfor. 

:eq. 41. 

T% nczo!ogot;s aldehyCe 1 was obtained via :he reported ‘nlittig rcraction ir: wfli: 

the phcsp?.orace8 u&s allowed ta react with tactol $9 producfr.g primary alzcfic: 

irzq. Sf. Oxidation wfth pyridir.ium dlchromateXO gave the desired a13ek:ybr 1. 

The reaction of 1 wftkt the and $&+ 

A rr,echanism w!~lck explains the formation of all prodG:cts listed in TabZc 

X rnvelves w wf of the &Ilylsflane fpe:hway A, schcne If rather 

than forrration of an oxy-radical intermediate (patfrway Bf. Radical eatioe 

formation from allylsflanes fs efficient as a result of favorable O-$3 

ictcractions between sflicor, and the double band? T?lne resulting fou 

:o,lr.tzation potential allows do\;ble bond oxidation in the preser.ce of 

S;::c:c! direct oxidation cf al:ylstlans ---? ally1 cattor, :s implitsted in t!;:s 

rttnct:ctrt :he process represents an "gnpofung" of ally1 sZlane reactivity,12 

Tc :.est whether the reaction is general, we subzccted allyisiiane 2 to the 

star;dard reaction conditions, a SO/50 mixture of w aqueous CAN solution ar.d 

acerXftrile* 

l-fr5tWthylSily: -2-nonene 2 does not have an internai nucleap?rlc suc!~ as 

t PA? -*%i group present. T&t oniy nucfeaphile presen: to attack t,he ally1 
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cyclitation. 

o>sidation fs 

The synthesis af amide used in the CAN 

These compounds indeed, cyclil;e under CAN oxLdatfon conditkons acd q~ize 

S,Zrprfsf?lgly, substantial ams~nts 9f the &,&&-meMxred ring isomers were 

qxeralfy formed, Compounds &2&&,&R and 5; are refaced to certain alkaloids and 

the synthesis of these and other natural products with this method is 

ct;rrerKly is, progress. 

AGkocwb~r* The authors woutd like to thank the NIX (W-29259 a2d CX- 

374603 far financial suppsrr of t&is work and the N:H (RR-020721 for fronds fcrr 

cl 323 Niz ?JER spec:roneter. We also acknowledge the Rockefeller Wiversi",y 

KXXIf-f3:onedrcaI Mass Spectrometr y iab fur providfrq exact rr.ass neasurenexs, 

Prutan magnetic resonance spectra were recorded in deucerochlorofsrm 

fC3Cf. 31 us!r,g a 300 Miiz, General Eiectric QE-300 spectrumeter. Mass spectra 

were cbtai,?ed an a Hewlett Packard Model 9992 GC-MS, Gas ~~~~rnat~g~aph~ IX 

was carried ol;x. an a Varian 3300 gas chramatograph with either a flame 

icnization or thermal conductivity detector- Xnfrared spectra were obtained 
WI d Hattscm instrments Polaris FT-IR spectrometer, 

S-Eydroxy-l-ttfP+thy~~ilyld~~~~~~~~~. A soXution of l,-ffj x~ol n-Rt;:.i 

22 5.0 !nL anhydrous ether was cooled to -78%, loa mg (2.587 rnTOl1 of 6- 

rr:n~t~ytsflyf-4-hexenal!5 ir, 5.t: mZ+ ~>f anhydrous ether was added dropwtse to 

t”t ;3 -RQLL, ethereal soiut ion * This mfxture was aPlowed t3 gradually uaL=m to 

TCP? temperature grrder nitrogen. The reaction mixture was then quenched with 

33 nL of a saturated NH4C1 aqueous solution. The layers were separated ar;d 

t>:e aqueous layer washed two timas each with 15 mL ether. ffie combined et&r 

iayers were washed with brine, dried U+gSO~~ and evaporated at reduced 

pressure (3O*C) to qivc 127 mq 10,558 mmol, 9591) of a pale yc?low oil, 





trfcethylsilyl-4%hexenatlS and the mixture stirred at room temperature for 2 

hours snder nitrogen to afford compound r;T tl+bO q1 63%) Purffloation was 

accomplished by flash chromatography tSfXica gel, 5% FtoAc*Liqrofnt+ 

HS: mfe 273, 171, 153, 73 (base peak). 

Iii N?IR f300 mr CDCl31ppmr 0,003 ts, wt, 1,130 is, 3?4t, 1,197 fs, 3HI, X.258 

- 1,306 (t, JH, J - 7,2Ht), 1,413 - 1.439 (d, 2H, J - 7*8Hz), 3.625 _ 3,672 

(m, 1HI * 4,136 - 4,201 (qr ZH, J - ?,lWzl, 5.101 - 5.309 tm, lH), 5.408 - 

5,484 Im, lhf. 

Caled: Cp.p3@35h 286.X5x: Found: MH* 287.204, 

M_Ir: 
A soiution of 1.09 44.64 mmol) of 6-hydroxy-l-trfmethyfsilyldec-2-ene la 

in 37.1 ml of acetonitrile was cooled to O°C. 37.1 mL (37.1 mmO1) of a ljj 

aqueous cerfc ammor,ium nitrate soiution WW was added all at cm-x+ The 

reaction mixture was then quenched within minutes with 300 mt of d saturated 

aqueous sodium chloride solution.. After stirring for 5 minutes* 1% mL of 

Xethylene chloride was added and allowed to stir vigorously for 19 minutes. 

The layers were separated and the aqueous layer was extracted four times m3fe, 

each with 50 mt of methylene chloride. The combined arganic layers were 

wasbxz two times with 50 mL of 2& N&H solution, twu rimes with 50 nL of 

saturated NaHCU3 sulut~on, and Once wfCh brine. Drying over MqSU4 and 

concentration w f30°C$ afforded a 1:I mixture of compounds ti and .&t, 

which were purified by f!as!: chromatography fSflica gel, 20% EtUAc-LigroicI 

producing C,5Ocj (3.25 mmo: 70%) of compounds b and a. No trace of diois 48. 

or $& were observed. 
fl ,cnpo\pnrt 24 MS: ml"e iSd, 9T Ebase peak), 69, 55, 41. f 

Iit KMR (300 MIi2e CDCl3Ippm: 0.904 - a*944 ft, 3X, 9 = 6,751, 3.89 Im, lH, 

trar&6, 4.01 fn, fN, cfsf, 4,3Q (m, lH, transl, 4.41 (m, 1H, cis), 5.XI1 in., 

li!)) 5.21 - 5.30 (m, IHI, 5.87 (m, 1H). 1 3CNMR (CDCl 3 1 ppm : (2 Peaks seen for 

most signals due to the presence of 1:l ratio of cfsltrans isomers) 14.:4, 

22.79, 27-88, 28.64, f28,82), J2.4C 132,641, 39.37 (37,G?f, 31-47 171.611, 

@Be57 t84.861, Z2C.18 (120,2t!, 133.69 (133,721, Calcd: ClcH&- 154.1357: 

F'sIXdJ: 154*13517. 
c1 L orfax M,ld ?a: *\ : m/e 154, 83, 79, 69, 55, 41 (base peakk. 

lt3 NY&(330 MHz, CX13Ippm: 0,913 - 0,959 ft, 3H, ..I - 6.9Hz), 3.585 - 3.664 

(mn, fH) 4.876 - 4,898 (d, 2H, ; * 6.6Hzf, 5.57 - Se66 fm, XH), 5+95 - 6,OS Ic, 

:Hf. r3Ch~ fCDCl3lppm: 14.182, 22.839, 27,914, 28.319, 36.275, 37,408, 

7Z.387, 73.929, 120.504, 143,782, Calcd C~0H180 154.t357; Found 154.1357. 

CA?J cyclization pwacedure described above W&B used for &* 350 mg (I+44 ,mm.ol) 

of cumpound & in 1X.5 mL acetonftriPe and Il.5 mL (LX.5 mmol, 8 eq1 af a Igg 

aq\;eous CAN solution afforded a mixture of compounds & _T&~ and j& which was 

purified by fiash c~ramatography tSil&ca gel, XI# EtoAc-Ligroin) producing 

89.4 mg fO,S31 mmol, 37%) of compuund & and 17 mg af a mixture of j& and ,a 

(87/7/7 ratio by CC). 
P+ w fl:l mixture of cisftrsns isomers): XS: mle 169, :68, 153, 

* * t ---a 83, 55, 4t fbase peak). 

!E NW? (300 MH2 C!Xl3~ppm: a.70 - 1.721 Id, 3H, 3 - 6.3 Hz), 3,794 - 3.869 

tmn, lK, trand~, 3.930 - 4,024 fm, 1H, cisl, 4,188 - 4,257, im, l)oI transf, 

4+.7c9 - 4.378 (m, 1H, cis). 5,437 - 5,557 (m, 1H), S-636 _ 5.75). (m, 1H). 

itgSV,ou~ l 

l MS: m/e 168, 111, 85, 71 (base peak) 55, 41. 

IH NM% <MO MI+21 CUCf3fppm: 0.934 (t, 3H, J - 7-05 ttr), I.273 - 1,294 fd, 

3ti, ,' = 6-3 Hzl, X.321 - X.08 (m, 8HE, 2+l10 - 2.2331 (m, 2H), 3.632 - 3,647 
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4.877 - 4,900 (d, 2ti, J = 6.9Hz1, 5,578 - 5.674 tmn, IHI, 5.946 - 6.024 (m, 

fHf a 

=c?+&B (CXl3Ippm: 14,278, 20.476, 22.625, 29.537, 30-773, 47.Oi6, 6C.9G7, 

73.894, 76.077, 120.743, 140.555, 177.825, 

otm2m I - 
* 

Compound pI prepared by reaction af known b- trfmethylsiXylethylidcne 

rriphe~y!ph~sphotane~ with heptaldehyde, was subjected to the CAN cyclizati0> 

prazedure described for ti. ;,O 9 (5.04 PLW~) of compound 9 ir: 40.3 mL 

aceEanftri;e and SO*3 mL (40.3 mmol, 8 eq! of a l# aqueous CAN solution was 

stzrred at WC fur 2*5 hQUX+S, and afforded a mixture of compourrd Ss as wul! as 

h-lgher molecular we iqht compounds. This mixture was purified by fiash 

chromatography fdiffca ge;, 5% Etohc-tigrofn) ro afford 88.3 mg 40.621 nt?t>:, 

53,3%1 or compuund fa_ MS: mbe 113, 85, 72, 57 (base peak1 + 
iH RfR (333 M52, CCC13)ppm: 0.91?? (t, JH, ,.! - 6.9 Hz), i,3'.: - 1.632 (m, :3 

HI, 4,C9 - 4.253 (q, in, 3 1 6.3 ftzf, 5.11 - 5,2‘t (m, 2x1, 5.89 (m, !fijr 

=zWR KDC13): 13.985, 22,625, 25.378, 29.317, 31.if75, 37+fl!, 72.948, 

fl4.027, 141.551. XR (aG3~: 3610, 3000, 1653, 1000 CIY++ 

7-H~&hutrif ($1 

Campound s) w&s prepared by the reaction o f 998 ag (9.71 mmo!f tctrahy5r$-Pf- 

~yran-2-oi 3 wfch b-t r!met~yfsiiy~ethylidene tr:phenyfpbasphorane to give 

ccnpound @es which was purified by flash chramatography {IO% StsAc-L:c~rciz: 

tn :;ive 1.6 g (8.602 ~T.IW~, 88%). 

XS: &cl :86, 171. $1, 73 (base pcakf. 
. 
-!! SMR 1300 iEWE* CDCl3QL?pn: 3,022 f5# 9E1, 3,651 - 3,692 (t, 2H, J - 6*45!#2), 

S.l”tS - 5.319 (m, lH), 5.362 - 5.471 (m, 1H). 

7_8Y~-~~~~-~~ ml * 
133 mg (C.705 mrr,olf of 7-rrfmethylsL;yl-5-hepten-;-ar (Z! (prepared by PC:: 

c?x:c?atf$n cf compou;nd 6, in :S mL anhydrous ether was added to a cooLed 

soll;r.icn t-SS°Cl of CH3rL (2 *:I6 mm011 in 10 nrt. anhydrous ether to afrr>rd ::2 

.'lsg (0.559 mK)l, 80%) Gf COl"bpOUWi &. 

KS: de, 185, 73 (base peakf: 

!ti P;XF f3Cl.l P&z* c3c131ppx: O&O09 ts, 9z?l, 1.2td (d, 3H, J - r;.SHzS, 3,?-:6 - 

3.824 (m, li-0, S.2C7 - 5.33? (m, :H), S.36C - 5,436 (m, :Hf. 

~~~~~~~~~“~~~~~~~ @&I 
60 mq (C ,325 ~~11 of 7-trfmethylsflyl-5-hepten-l-a: (21 fprepared by XC 

cx~dati~~ of 61 in 2,s mt anhydrous ether wus added to a cooled s~,;utior. 

r--rac‘cr of a-s+Xy: li',hiun: (0.976 rnrnolf in 2.5 ;nL anhydrous et&r t3 aff~rc! 

64.T xg f0.267 mnol, &Z%f of compound sfi. 

t.5: rr.Je 227, 185, 73 (base peak]. 
. 
-U ?WY 4300 MHz, CDCljlppm: 0.038 (s, 9W, (3,909 - O-954 (t, 3H, J L 6+75 

E:tl, 1.411 - I.436 (d, ZH, J '- 7.5 Hzf, 3.635 (m, XW), 5.207 - 5,302 tm, l)-:i, 

5.3533 - 5.460 (m, fW);, 

G&l? ex!ai -a 
‘** zlzj (0.537 mlIIal1 cf WV" ccnpoGnd 6 in 4+3 mt, acetonitrilc and 4.3 mt (2,30 

mmol, 8 eql r>f a TM aqucaus CAN safution afforcled 40.5 ag (Q-361 mmcs:, 67%t of 

rzttpound m. 

!@lS: rr.fe 112, 85, 56 (base peak), 
. 
-2 WR f300 MHz, C3C13fppm: 1,476 - 1-679 (m, 6X), 3,686 fm, 3)iI, 5,268 j 

5,459 in, 2Hf, 5.140 - 5.856 (m, 1H). 
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