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pK&X%dtyh%tbn -RI Of dt@ib. ThfOU@ th, CO&Wd l fkMtO Of l tWfTIbOr Of group3. it i8 

known that altybilanes can be transformed to prq~rtedertvativeb via ‘push. (ftuorfde ion Induced) 

or ‘pull’ (prottc adds) typr mechantstic pathways. 10 We anticipated that N-1-(trlelkylsltylallyl) 

imines 3 would behave In a dmllar manner, and as a resutt, would undergo flwrids induced 

protodesilylatlon to form P-aza-1,3-dlenes (eq. 3). The N-imitw-ally1 adon lnts~es 4 In this 

scheme were expected to undwgo kirudc protonation at the mrbon thus fumlshlng 2-aza-1.3. 

denes. This expectatbn was based upon a consbderatbn of conjugated dione en&or enamlm, 

resonanca effects which should staMllte trandtlon states for y rather than a-protonatlon of 4. 

Support for this view can be found In the resulta of electrophlle additions to related 1 -amino and l- 

alkoxy substituted allyl anbns where selective yeledmphile capture Is reflected in the exclusive or 

preferential formation of enaminr and WI ether pmducts.11 

Jx F- 
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A protodwltylatlon approach for 2-azr-1,3dlene qnthesls wouM have some obvious 

8dvamges owr the closely rotated base-laomerfzntkn pfocuss. The most Important of these 

relates to the fact that strongly ba&c condltbns am avokbd. Consequentfy, the method wwM be 

applicable to e wMer rarqe of substrates even those contalnlng a&& a-imino hydqens. The use 

of this meth&ology would of course require the avallablllty of sltylailylamine precurrrors of 3, a 

feature which oould detrad from tts generality. 

In the dlsarsslon that folbws, we report the resutts of an lnvestlgatbn designed to probe the 

scope, limitations end mechenlstic aqectr of the protodosltylatfon rout. for P-aza-1.3dlene 

synthesis outllned In equation 3.12 During the course of these studies, we have (1) developed a 

short, modestfy sfff&nt sequence for p-reparation of amlna pressers of sltyfaltylimines related to 

3, (2) demonstraled that fluorIdeIon induced protoded~latlon of substances related to imine 3 

leads to generatlon of 2-are-1 J-dlenes, and (3) shown that the stenochemlcal course of the 

azadlene forrnlng process can be controlled by a proper cholm of re8cHon cotiltions. 

Preprrrtlon of N-l~T~rthylrllyl-2-pro~n~ Amlno 10. The slfylaltylamine 10 and 

related acetylene enakgs 8 and 0 serVe es key Interme&tes In routes we have developed for 

synthesis of starting matertals In our protodesftylatbn appmach to 2-aza-1 .BBenes. The sequence 

used for preparation of compounds of thls type (Scheme 1) -Ins wtth propaqylamlne and 1s 

modeled after a mute used by Kolb end 6arthl3 for syrrtheslr of a-substituted a-amlno adds. 

Reaction of propaqyl amlne with N,Ndimethylformamlde dimethytacetal provides the amldlne 5 in 

whkh the amine functbn Is proteded for ens&g transformations. The a&ytkle, generated from 5, 

is then reacted with TMSCI to producs the acetylene 6 wfth a bulky substftuent at C-l to prevent 

silylation at this position In lb subsequentty dertved propargylk anion. Accordlngty, the bloc+& 

bis-sityl acetylene 7 Is then formed through a sequence InvoMng n-BuU deprotonatlon and 

sitylatlon with triethylsltyl chloride (TESCt). The decision to incorporate e TES-group at the 

propwgyllc position was guided by the observed IabiUty of a Th4S-substttuant under the conditions 

used for amidme and termlnal TMS removal. Conversion of 7 to the mono-sityyt propargyl amine 9 

was accomplished by deamldlnation with anhydrous hydrazlne In t-butyl alcohol followed by 

desllylatlon with Ythium ethoxUe In ethanol. Catalytic hydmgenatfon of 9 with the Undlar catatyst 

then fumlshet the de&red silylaltyl amine 10. This sequence is modestty mnt (overall yield of 

31%) end appmm vorrptik enough to be extended to ttn pm of * aminn In this class 

having e Mlcety of substlMion petterns on the rJlyvC mobty. 
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(a) Me2NCHPMeh 2S+C; @) nBuU, THFmI, -7&c; (c) mu, THFmSCf, -76%; (d) 

N2H2. tBuCH, 25oc: (e) LtOEt, EtW, 25oc; (f) b, Undar, THF. 
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Fommtion u14 ProtcdWyi~tlm of SJlybAUyt rnd Propngyl bnltm. Tha eitytallyl 

and ritytpropargyl amlnas 6-10 ruWy oondann wtth - to p&uce the corrq~ndlng 

aldimines 11-14 whtch are u& to probe features of the protodasltytatbn proaw. fn each casa, 

onfy a single C-N doubk bond Isomer having the E-oonflguratbon was prMuc4.14 As discussed 

ebava, we antbdpatad that protodasffylrtion of tMse systems would serva as an efllclent method for 

P-aza-1 3diene ynthsdr. I-, troatmont of slfytaltyt imlne 11 wtth CaF (5 ecpiv.) in a MF 

solution containing l&urbwn-6 (0.17 equiv.) and a truce amount of adventitious water leads to 

generation of the knownb azadlene 15 (66%) as a 6:l mixture of E,E and E,Z iwmers. The 

stereoisomer ratio was determined by fH NMR and gk methods analogous to those reported 

previous1y.s Akernativety azadiene 15 can be produced as a 1:2 mixture of E,E and E,Z- 

diasteraomsrs by treatment of 11 with CsF (5 equiv.) in MsCN solution containing 0.06 M H&3. The 

varfatlons noted In the stereochemical outcomes of these prodassas will k addressed at a later 

point In this pubkation. 

A priori, two powiMe mechanlurns could k responsibIa for the tranrfonnatbn of 11 to 15. 

The first Invokes ftuorfcfa ion induced dadfyMon to form ths Imlno-a6yl anion 16 fo4bwed by T 

protonatlon. Altemativefy, a-protonatbn of 16 genaratfng the N-a&imlna 17 could be toBowed by 

isomorkction unckr tb ration con&Ions to 15. EvWnco in auppctrt of tk fwnnr pathway 

cam6 from 1H NMR mnlt~ng of the rmadfon prbgrus wtkh rhorn no buifd-rtp of 17 and from 
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the observation that 17 Is unreactive under the wndltlons used for convenlon of 11 to 15. 

Furthermore. reaction of 11 with Cd: and 18-crown-6 in CD$N contalnlng 020 leads to exclusive 

formatIon of mono+eutoriated azadbeW rtorwolsomars. 

The versatility of tM prW3desllyWon metMdo+ogy for azadMe ayntM.ir I8 demonstrated by 

the transformatlon 0t ailywtymh 12 to i,3_aadhm lb. n I8 cWthk to evame the sffchancy of 

this process owtrtg to the InstabMy of 18. However, 1H NMR monttoring of the recrdlon of 12 with 

CsF, l&crownb and t-t20 In &-THF at 25% show that azadiene 18 la krmed In s&u In near 

quantitative y&Id as a mhtun 01 E.E and EZ-isoman. 

The allena conWning 2-uadiano 19 can ba ganerated starttng wtth the Jlylpropargyl lmlnes 

13 and 14. Thus, treatment of 14 wtth CsF, 18-crown-6 and Hz0 In THF produces the N- 

allenylimine 19 In a 81% yieM. The spectroscopk properties of 1015 are In complete accatd with 

the ass$ned structure. Chamcteristk signals In the 1t-l NMR wrn at 5.26 (dd), 8.92 (1) and 8.29 

(s) ppm corresponding to the respactlve alkne methylene, altene methlne and. aldimlne protons 

~8~8 to exemplity this point. In addition, the IR absorption at 1445 cm-1 correspor~Js to the 

characterlstlc alkns stretching band. In order to show that 19 Is the klnetk product of 

protodesitylation of 14 (see bekw), Won was conducted by using CsF, 18crown-6 and 020. 

*H NMR anatyala of the product lndioated that It wau the S-dautorio-azatriene 20, thus 

demonstrating that the allensoontainlng azadiane 19 erisas by rprotonatlon of an intermediate 

propargyt anlon 2l. 

ff/Tw H H 
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20 (RID) 



Z-AU- 1 ,uiaK lyntha~l 7017 

The nwchmdrtk mquonr kllowd In trwwtortnlng the b&e-dlytpqafgyf Imine 13 to 

azatrlene1@lslMw6tlng8#IroRJ6dtt~ODmP()~. Tp#ltmmt ofl3w&h-Csfin 

MF solutton conWnLng f&crarvn-$ and b0 w 19 In a 75% ytekd. The nrrtun of this 

prooe~wunnJdby’HNMR~orlngttn~~~r)rawdt)ld~lnttlal~ 

formed (3 mln) mono-pfutodultyWon prodwt I8 the dtytpropwgyllmifw 23. mu, tt apwafs that 
flwtidodl~dI)wmar,krklrMahyYlylgrouphrOIn13h~~~tothefect 

that it leude to mn of a Iminwonjugcrted propargyl rnion 22 rather than a more bcahd 
acstylti anion. In KM&M protomtlon of 22 appears to OCCUR at the a- rethw y-carbon. 

Regl~Inth~~~dn~o~krkyTAISgroupttthe~. MofalOmlnperiod23b 

transfomwd to the pqwgyl hmha 24 tilch ovsntuaRy (1 h) isomerlres to the allene 19. lndwd, 

independently synthesized 24 ls converted to 19 by treatment with C&F. 18cr0wn-6, CISIEts, 

HClO4 in THF. cxmdtkns which mlnic those present in reectlon of 13 to produce lg.‘* 

Alkytattvo Dultybtten of Sttytallyllmlna 11 and Stlytprep8rgyllmlne 14. Azadiene 

formation by pfutcxk8ilyWon ot thr lmlna 11 and 14 la I msdt of relacthfo monation of 

18 24 

intemwdtate Imino-altyf and pmpargyl anion8 or y-protodo~lai~ of thdr pentavrlent dllcate 

equlvalonts. lnterestlngly, alkylatlon reactlonr of three anions show hlgh degrees of a- 

regiosekct~. For example, treatment of the lmine 11 with CSF in a MeCN soWon containing 

ally1 bromkfe leads to formation of the 3-hexadienyllmlne 25 (74%) rather than Its l-hexadienyf 

analog. Simlbrfy. benzylatlon of 11 occurs under there conditions to produce the alkyfation 

product 6 oxcJusivaly (70%) and propargyl Imine 14 8fWds the a-altylatkn pr&rU 27 In a 73% 

yield. 

$l@EAttyl tmtno 11 Protodottytrtlon 8tumouhomlrtry. A8 ohown above, the 

stereochemi#lowr8eafpmt~ ofJtyWyllmlne11 appeanstobeasoneMwetunctionof 

the react&n wndltlons. In order to gdn further Inform&on about this hatun, CsF-Induced 

protoder)tyWoru of 11 wwo con&z&d u-r aM?boru In whkh mtvent, wdw contwt and the 

pwwtcaoflbaown-6wravukd Those mnwrtzedInT&Ae 1. Fornrdkn,ofll 

withCaFInTIiFm&ttonm oontrlnlng 0.15 a@Jlvmm d~l-, im ~fTtmlon6 d 
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water from tracw to 0.5 M uuaaa tha E,E5,2 azdana 1S atuaoim~~ rutbto&crmaaafmm6:1 to 

QL 1:l. In oimtra&, Incraa&q wr Mn hsr an opp&te effect upon M E.EE.2 ratio for 

protocf@a@yLatlcm8 oca~nfng In IkCN lolutbrm in the absence of 18-cmwn-t). AddiLlon of the metal 

catbn wmpbxlng w (0.15 aqdv.) In M8 case bad8 to an I- In tha 15 E,E:EJ rat&. 

The ste~dstry of thew prowwer Is a rasutt of klnatk rather than themmdynamk factors. 

Accordingly, the E,E.E+Z ratbt (6:l 010.3~1) of 15 are unchanged when aqueous THF or MeCN 

solutions of this substance ara c&bad for extended time perto&. In edatbn, the observations (see 

abve) that only the monodautertum lab&d azacQena, PhCH=NCH=CHCH20 (E,E: E,Z = 1:l) is 

pmducsd by readion of 11 wtth CsF in MeCN containing 16cmwn-6 and0.4MDflsupgest6that 

equilihratiin of the stersoieornera of 15 I8 not ocxzurring undar these wrktitbn61. 

II is Ukety that the stereochemkaf wurw of protodesltybtbn of 11 is governed factors whicCl 

influence umformatbnaf prahnncrr in tnnsttbn stafes for pmtonatbn of the intermediate imbo- 

ally1 anbn. InterestIn&, b catafyzad bomerlzation of tha non-Mcon contalnlng N-alfyUmlne 17 

most pmbaHy m through a &Mar if not kMtkaJ aMyI anbn intermediate. Unfortunately, 

stereochemical informatlon about this pmcess was not provldti In the report6 of this chemistry by 

We&P and Taybr and Worthy.* A,6 a result of this, wa have Investigated the utemochemlstry of 

the KCtBu-induced Isomerization 0117. pladng partkular emphaslt on the effect8 of lsCmwn6. 

As the data In Table 2 suggest, ad&ion of 1Bcmwn-6 resutts in a pronounced Incmase in the 15 

E,E:E,Z ratio. For example, reaction of 17 &th KDtBu in THF containing 0.4 equivalents of 18- 

crown-6 at -30% rasufts In a 9:l E,E:E,Z ratb of 15. Hera again, this result is of kinetic orfgk sinca 

azadiene Isomerization doer not mr at appreciable ratea in tha prawnoe of KCtBu and 18- 

cmwn-6 even at elevated (26%) temper&uras. 

Tabfa 1. SilylaUyiimlne 11 Protodesllytatfon (CsF) derooch~mktry. 

Sotvent Wster 

Cnn%tration 
18ctown-8 

MeCN 0.03 
MeCN 0.06 
MeCN 0.06 
MeCN 0.09 
MeCN 0.13 
MeCN 0.30 

traca 
0.13 
0.16 

::z 

no 

;:8 
no 
no 
no 

El 
1.3 
1 .o 
1 .o 

0.3 
0.5 
0.9 

:*I: 
1:o 

(a) 0.15 equivalents retattva to 11 and 0.03 equfvafents relettve to Cef. 

TaMa 2. AUyUmlne 17 to Azediene 15 Base-Catafyzed Iaomerlzation Btenochombtty.~ 

l BCrown-8 
(equivalents)6 

15 (E,E:E,Z) 
Ratlo 

0.4 
0.3 :.: 
0.23 5:4 
0.0 0.8 

(a) KDtBu/THF/-30%/3mln; (b) ntaUvmto17. 
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Dlrcuralon 

cknml FaMuru. As damonstratad by the extunpkr pmvided above, ths protodasitylatlon 

route represents a mlid and etftdent procedure for 2-aza-1.3Bena aynWsis. Unlike, the dosety 

related basecataiyzed process, it is appikabk to systema whkh contain base sensitive 

functionality. 01 course, implementation of this methodology roqulros that the N-(3- 

triaikyiWyipropan-3-yi)lmines ba prepared by wnvenlent preparatiw sequences. The route 

presented above (Scheme 1) for synthesis of the trbthytsitytaltyi amlns prearmor of these imines, 

while not the onty ona cx~ndeivabb, appears to be suftlc4ontly vematik and eflkient. Thus, the 

protodasiiytation methadobay shauld be gsnsraity agplicabla. 

Roglochemtrtry. The reglochsmistry of the protadssiiyktion reactions dlsarssed above 

requires brief cqmmant. H fluodds-bn induced dasilyktion ma&ions of the sttyiaityi lmines (and 

related acotybnes) pmcaed via tha Intel of l-imino-ailyi anlons, ~protonation delivers 

the 2-azadlene products. The reglose&tivitles of these processes ara analogous to those 

observed for cbsely rektecl enamlne and vinyl ether forming base-induced Isomerlzations of 

respecttve aitylamines and aityi uthers. ‘+lt As demonstrated by our dauterium kbeilng studies, the 

regiochemkal course of those processas is not oontro6ed by thermodynamics. Rather, tha greater 

rates of Imino-atlyi anion ~tonatbn appear to refkrct transition state stabfitzatfon by enamine or 

diene resonance @spending on anformatlon) dsvewng In the fonnfng azadlene. 

ObsuvaMm md, in rhrdw wtlh the JIy+ropugyi itrtlrm 16 and 14 mst thai 8tdc 

factors can &so k InW in g0vamlng wn ragb&Wstry. Accordbgty, WMb the 

properdanbnrlwlth~ndths~nunde~e~vr~notion,therelatedr 

TMS-wbstltutad anbn. 22 ls protw&d sek6vety at the a-po&ion to generate the dfyipqwgyl 

imine 23. 

In cqntrast to tti bbsarvabona,, wa ham found that aky&Jons of the interm8dWe Iml~aWyl 

and -propargyi anbns. 16 and 2t. occur l xctusivoty at tha a-p&Uon. inspactbn of resutts from 

investigations of ebctrophlk addttbns to related l-ammo and l-a&oxy substltutad aiiyl anions 

shows that tM a-afkylatlon reglochemi&ry obs#vad in our work, whlia not unique, is rare. For 

example, Ahlbrecht 17 has found that 1-amino-dIyl anlons 26 dertvad by metaiatbn of enamlnes 

undergo y-aikylation and, thus, sa#a as homoenolate ac@mlents. The regiosolectivity Is 

maintained even In the cases of ths 3-trimathybllyt-1-amln, attyi l nbns 26 (R-TM) where sterk 

effects CWM have lavoted a-akylatbn. Simiiarty, Craig’s has skwn that the prugargyl anion 2tI 

~ndeqoea yaNyhtion by dimethyl wthtr to producs an aibnyt-amIns. StHl~lb and Evanstla have 

demonstrated indopendantty thsd Ythiated aliyiii ethers add aikyi haikks d both the r_ and a- 

positions, with the former predominating. The stsrfc bulk of the oxy-substltuent, R, In the 

intermadiato anbns 30 p4ays a kay rok in wrrtmtlfrrg ths ~:a l tkyiation regios&ctMties whM 

Irtcreasa wHh i%raadng size qf RI* 







(CHCb) 2980,2170,1649. 1375 cm-‘; high msoktion maa s m/. 162.1235 Gshd2SI 

rqulms 162.1233). 

3-(N,N-Dlmethylrmldlno)-l-trlnnthylrllyl~3~trlothy~~llylpropynm (7). To a cooled 

solution (-78OC) of 10.0 Q (0.W mol) of the amidine 6 In 250 mL of anhydrous THF was skwfy 

edded 33.45 mL of 1.70 M solution of n+utyUthium in hexane. The ma&on mfxturs was stirred for 

15 min at -78% and 9.31 mL (0.06 mol) of trlathyldtykzhlork& was added rapklly. The resulting 

solution wsII alfned for 30 mln a! -7&X, warm& to 2!PC, and stkred for an acWbnal30 min. The 

reaction mtxture was poured into 5% aqueous NaHa and ex-tracled wfth CHQJ. The organic 

extracts were &fed and concentmtti In vacua givtng after mobcutar dinttilhUon 13.02 Q of the 

desired amidlne 7 (80x), bp. 105-l 15WX.05 mm: 1H NMR 0.15 (a. QH, -SiCH& 0.62 (q, 6H, - 
SiCH2). 0.93 (1, OH. -SiCH2 CHJ). 280 (8. 6H, NCH3). 3.94 (8, 1 H, CA), 7.45 (8. 1 H, W-N); W 

NMR 0.2 (SKW3), 2.1 (WCHn), 7.2 (SCH&Hs), 37.0 (NCb), U.2 (N-GSI), 99.9 (Cd-Sl), 106.5 

(GC-Si), 153.1 (C-N); lR (CHCb) 2970,2150, 1640. 1380 cm-l; high resolution mass spectrum 

mle 296.2102 (CtsHsN2SI2 require 296.2104). 

3-Amino-3-trlrthyl8llyf-1-trlmethylrllylpropyno (6). A mixture of 5.0 g (17 mm@ of tha 

amldine 7 and 2.7 mL (64 mmol) of anhydrous hydrazlne tn 30 mL of t-butyl acbhol was stirret! at 

25% for 15h. The readton mixture was poured Into 5% aqus~s NaHCa solution and extracted 

with CHa. The organic extracts m dried and oonoentrated in vacua giving a residue whkh was 

vacuum dktllled to give 3.1 g (76%) of the desired pmpargylk amine 8, bp 70-75XXLO25 mm: ‘H 

NMR 0.10 (8, QH. SCH3), 0.66 (q. 6H, SiCH2), 0.9 (1, QH, SICH&H& 1.46 (ba, 2H, NH2), 3.11 (8, 

lH, N-CH); 1% NMR -0.1 (SJCH3), 1.9 (SiCH2), 7.1 (SiCH2CH3). 31 .I (CHSI). 87.2 (C-(;-Si), 

110.6 (C&-Si); IR (CHCb) 3370, 2960, 2160, 1600, 1250 cm-l; This sadstance is too LaMba to 

obtdn accurate high resolutln maaa specroscop+c data 

3-Amlno44rlrthyl~llylpropyna (0). To a a&don of 3.0 g (13 mmol) of the amine 8 In 30 

mL of anhydrous ethanol was edded 4.1 mL (25 mmol) of a 0.61 M soMbn of lkhlum ethoxide in 

ethanol with etirrfng d 25oC for lOh, paured into 5% agueoua NaHCX& ootution and the mixture 

was extracted with CHCI3. Tha CktCl3 extract8 were drted and concentrated In vacua giving a 

residue which was Wurn dfatllkf to give 1.6 g (75%) of the 8&lppargyI tine 9, bp. 3&45W 

0.025 mm: 1H NMR 0.67 (q, 6H, SJCHz), 1.01 (t, QH, SiCf+CHcj), 2.30 (be. 2H, NH), 2.30 (d, lH, 

J-2.6 Hz. IC-H), 312 (d. 1H. b2.6 Hz. N-W-S& ‘= NMR 1 .Q (SIC&). 7.2 (SCH&+t3), 30.7 (CH- 

Si), 88.2 (C-G-H), 97.5 (&C-H); IR 3300, 2890, 2100, 1557, 1410 cm-l ; due to the InstaWty of 

this wmpund aaxrrate mass spctro#xrplc data cannot ba obt&nad. 

N-1-Trlethylsllylprop2-on-1-ylrmlno (10). A pre-equilibrated mixture of Llndlafs 

catalyst (450 mg) aruj prcpynylamino 9 (2.Og, 12 mmol) In 25 mL of THF w86 rtlrnd at 25W under 

1 atm of hydrogen until 1 equtvabti of hydrogen had been abaofbd. Fikfatkx~ gave a filtrate which 

wa8 Corcenttated in vacwo ~lving a re&due which wae wrn dhtilled to glva 1.8 g (90%) of the 

allylk amlfta 10, bp 6O-7WW mm: ‘H NMR 0.59 (q. 6H, SKZHz), 1.00 (t, QH, SiCH$H$, 1.40 (b8. 

2H, NH), 3.14 (d, 1H. N-W-8). 5.02 - 4.66 (m, 2H, -CH& 6.01-5.Q4 (m. 1H. -Cl-l=). W NMR 1.5 

(SiCHz), 7.1 (SKZHZCH~), U.7 (N-C-SI), 108.6 (HGCHp), 142.0 (HC&Hg); IR (CHCb) 3350, 

2970, 1635, 1020, 900, 850 cm-l; high resotutlon mass npectrum m/e 171.1437 (hH2lNSI 

requires 171.1443). 

H-(311rfethyl8llylpro~n43=yl)benx~ldlmlne (11). A wlution of knzaldohyda (99 mg. 

0.93 mmol) and 3-trhthyWlyyl9repen-3-ylamlno (10) (t6O mg, 0.93 mmol) In 60 mL anhydrous 

benzene was stirred d Wlux for llh. Removal of watw was aooomptI8htd by use of 8uxhlet 

appamtus with mobcular 8etvoa (typ 4A). The &on nrlxture was c00oentmted in VIIow) giving 

an dl which was rub)sdod to coh~rnn chromatogn&&y on atumina (CHCb) yk#lng 223 mg (QQ%) 

of the betualdlmina 11: 1H NMR 0.96 (q, 6H, SiCHa), 1.03 (t, QH. SlCH&H~), 4.02 (d, lH, NCH- 

s1). 4.92-5.15 (m. 2H, C&J+& 6.15 - 6.32 (m. 1H. bCbf2). 7.37-7.74 (m, W, uomatk), 0.14 (I, 

lH, CH=N); 1% NMR 1.6 (SiCH&H3). 7.2 (sy;H2), 67.9 (NCH-SI), 110.7 (CH-GW, 127.5, 128.3. 
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129.6 13B.?, 136.00 (jg+&H2)* 155.4 (C+; IR (CHQ) 2@6& =* lf?WleW 1~*1020 cm- 

1; high Wn M tpctncrn m/e 259.1757 (CI~H~JNSI nquim 259.1787b 

N-(3_1rlathyt~llylpropen+yl)proplonrl (12). A solution of propinoaklehyde 

(342 mg, 6.0 mmd), the propnytamtn, 10 (loo mg, 0.6 mmol), md moJoaW Wvw (type 4A) in 

10 mL Ot a&t@roua banzone WM atbrad at WC kr lh. The nrctlon tMtur@ was Wtered and 

concentrated in LIQJ9 glvlng 103 mg (83%) of cn& ( B 90% pudty) -mine 12: 1I-l NMA 

0.57 (q. 6H. sick), 0.94 (1, QH, SiCH#i3), 1.04 (1. 3H, methyt), 2.20 (m, 2H. methylone), 3.69 (d, 

lH, N-CH), 4.48 (m, 2H, C&Hz), 6.09 (m, lH, CHIC), 7.48 (t, lH, CH-N); l% NMR 1.6 (SiCHz). 

7.2 (SlChCH3), 12.0 (C&), 29.5 (Ctiz), 67.9 (CHSI), 110.6 (CHIC;H& 139.0 (CH-CHz), 161 .O 

(CH-N); IR (CHCb) 2950,1730,1660.1460,1260,1010 cm -1; high ruofutbn mass spectrum We 

210.1674 (C12H24NSl mm 210.1654). 

N-(3-Trlethylrllyl-l~trlmothylsllylpropyn-3-yI)-brnr~ldlmlno (13). A solution 01 

benraldehyds (44 mg. 0.41 mmol) and 3thethyld)jCl-trimethy~~~n-3ylaml~ 8 (100 mg, 

0.41 mmol) In 60 mL anhydrous benzene was stlned a! renux for 5h. Removal of water was 

~mplished by us@ of a sotwent apparatus with mokuk s&es (type 4A). The reaction mixture 

was wncentrated in vacw giving an oil which was subjected to column chromatography on 

alumina (CHCb) yielang 124 mg (Q2%) of the benzakflmine 13: 1H NMR (THFda) 0.22, 0.23 (s, 

9H. SiCHa), 0.76 (q, 6H, SlCHz), 1.06 (t, 9H, WI-&$ 4.51, 4.58 (d, lH, -CH-), 7.36-7.76 (m. 5H. 

aromatic). 8.56 (d, lH, CH=N); 1* NMR 0.1 (SiCHa). 2.0 (SJCh) 7.2 (SiCH$ZH$, 50.4 (N-C-SI), 

94.9 (-C-St), 103.2 CC-C), 127.7, 128.4, 129.63, 136.7, 157.2 (C-N); IR (CHCb) 2950. 2860, 

2160.1690, 1640, 1450 cm-l; high resolution mass -turn, m/e 329.1997 (Clfl3lNSi2 requires 

329.2057). 

N-(~lrlothyl~lylpra~n-~yl)tnntrldlmlne 14. A solution of bentaldehyde (162 mg. 

0.56 mmor) arut Wtethykitylpropyn-3-y lamlne 9 (100 mg. 0.59 mmol) in 60 mL of benzene was 

stirred at reftux for 5h. R@noval of water was accomplish& by use of a 8oxhkt apparatus with 

molecular s&es (type 4A). A?VB readbn mixture was ~ntrnt~ In vsay, gfving 136 mg (90%) 

of the benzaldimine 14: 1H NMR 0.90 (q, 6H. SICH2). 1.03 (t,9H, SICH$Hs), 2.60 (d, lH, C-CH). 

4.35 (1, lH, NCHSJ), 7.2G7.80 (m, 5H, arm&c), 8.35 (d, it-t, CH-N); l3c NMR 2.2 (SiCH& 7.2 

(SiCH&H$, 49.5 (NCH), 76.3 (C&H). 81.3 (C&H), 127.8, 128.5, 129.9, 137.0.157.3 (W-N); 1R 

(CHCIJ) 3300.3020.2950,2880,2400,1700,1630.1570, 1450, 1425 cm-l; high resolution mass 

spec, mle 257.1565 (Cl&aNSi requires 257.1530). 

l-Phenyl~2-ru-1,3-pentadlono 15. A sotutlon of the knrald)mlne 11 (100 mg. 0.39 

mmol), 1 Shown-6 (15 mg. 0.06 mmd), and CsF (296 mg, 1.95 mmol) In 4 mL of THF was stIrred at 

25oc for 8h. The reactbn mixture was poured into &tilled water and extracted with CHCt3. l?@ 

CHCl3 extracts were dried and wnoentntted in vawo giving 45 mg (80%) of a v mixlure 

which contained the E,E and E,Z Isomers of 15 in 6:l ratio. The spectrascopk data for these 

substanoes match tlnDse ~ously reported.8 

Storroch@mlrtry of the Bonrrldlmlne 11 to Azldlone 15 Trrnsformrtlon. 

so4Jtbrw oi tha banzaldimkw 11 (50 mg, 0.20, mmoi), l&crowmfl(7 mg, oD3 mmol) and CSF (147 

mg, 1 .O mmol) In THF eookrtknr wntdnlng c@ftennt wruzentratbn of W (O.l3M, O.l6M, OJOM, 

0.5OM) wmfe s&red at 2WC for 8h. The m mixtures were poured Into dtstltbd water and 

extnuzted w&h CHCb. The CHCb extra& were drtuf md wncentrated In mum gtvlng pruducf 

mktures which won analyzed ( 1H NMR methods (hrtegratbnr of Me-proton ~WUWXW at 1.85 

ppm (E:E) and 2.05 ppm (E,Z)) to determine the El m ratbs In the &ones 15. Ths E,Z 

ibonnrretbrlorH~wnmtratlo~~Od.13M,0.16M, l+Wm -inTable 1. 

Solutioru of the knraldmine 11 (So mg, 0.20 mrnoJ) pnd C&F (147 mg, 0.10 mmol) In CH3CN 

wntalning different w~ntratb+u of Hfl (0.06M. O.O9M, O.l3M, 0.3oM) were atinud at 25W for 

16h. The reacsion &turn wan pound into dhtliled mr and l xtWed wtth CHCb. Tha CHC4, 
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Storeochomlatq of Base-Catalyzed faomerlxatlon of H-Affylbenzlldlmlna (17) to 

Audkno 16. SoIutfor\r (THF) of benzaldIrr&~ 17, KOt& (0.3 qW.) and 18uuww-6 (trurn 0 to 

0.4 equlv.) were 8tlrruI d GXPC for 3 mln ti then poured ha0 water. TTte Cm extra& of these 

sol~onswendtledwdoonoentratedInvpa~,ghingro~wtJch~nu\atyredby’HNMR 

(intergration of kk-prpton mwnancea ad 1.85 (E,E) and 2.05 ppm (E.2)) to determlne the 16 E,E:EZ 

mtbs. The resutfs am mrdad In Table 2. 

CAzu-3,~heptadkne (18). A mixture of the pqbnakimlne 12 (71 mg, 0.34 mmol), CaF 

(256 rng, 1.7 mmol), 18-crown8 (13 mg, 0.05 mol) and Hz0 (6.1 uL, 0.34 mmol) in 1 mL of ds - 

fetmhydrofuran wa$ egkated In an NMR tube over a pfod of 1 h at PSOC. 1l-f NMR analysis &owed 

the fofmatim of an Isotnek tixtun of 4-azu-3,blmptsdkne 10: E,Z-isomer: 1H NMR (THF+), 

1.05 (t, 3H, CH&&), 1.68 (d, 3H, -C-CHa), 2.20 (m, 2H, methykne), 5.25 (quint, 1 H, C-CH-), 6.45 

(d, lH, NCH-)), 7.55 (1, lH, X&N); E.E-Isomer: l-05 (1.3J.f. wb), 1.62 (d, 3H, -C-CHs), 2.20 

(m, 2H, methykne), 5.78 (m, 1H. C&H-), 6.55 (d, lH, NCH-), 7.60 (t, lH, W-N). The inetabllity of 

this substance prevented ths aocumuluffon of &fitional rQedroscu@c d&n. 

lGVbenyf-2-u*l,3,4+ntrtrkne (19). From Sllytpropargyllmlne 14. A solution of 

the imine 14 (100 mg, 0.39 mmoo, 18-cfownb (15 mg, 0.06 mmol), Hfi (7 uL, 0.39 mmol). and CsF 

(296 rng, 1.95 mmol) In 4 mL of THF ~81 tirrad at 25% for 1 h. The reacflon mixture was poored 

into dktilled water and oxir~~W wtth CHC&. lie CHCb extracts were drkl and oancentrated in 

vI)cuo to give 45 mg (81%) of the azatrlens 19: ‘H NMR 5.34 (dd. 2H, J-6.0, 1.7 Hz, C&H& 6.89 

(1. 1 H. J-6.0 Hz. -CH-C), 7.3&7.8 (m. SH, anxnaUc), 8.26 (8, lH, CHIN). 1% NMR 81.2 (-CH& 

112.2 (N-CH-), 128.8, 128.9, 130.9, 134.2, 160.0 (W-N), 193.4 (-C-); IR (CHCb) 2950. 2880, 

1945, 1610, 1580, 1055, 870 cm-l. Cwing to the insWlIty of thir rubstance, ekmantat or high 

resotution ma88 8peurwnetrk anaty6b wa8 not performed. 

19 From the Blr-Bllylpropargyllmlne 13. A aolufion of the Imlne 13 (123 mg, 0.37 

mmol), 18uuwn-6 (16.0 mg. 0.06 mmol), Hfl(6.7 uL, 0.37 mmol) and CsF (28 mg, 1.85 mmol) in 4 

mLofTHFwaestfmxfat25oCfor30min. WorkupOave40mg(75%)ofatat~e~l9. 

N-(3-Bonrylpropen-3-yl)benzaldlmlne (25). A solution of the silyiallylimine 11 (100 mg, 

0.39 mmor), Wuyl bumble (132 mg, 0.77 mmol) and CsF (291 mg, 1.9 mrnd) in 2 mL of anhydrous 

acetonttrlle was stirred at WC for 16h. The reaction mixture was poured into cl&Wed water and 

extracted with CHQ. The CHCb extract8 were drfed and concentrated in vaam giving an oil wf~lch 

was subjected to separation on HPLC (20% H20 In MeOH), giving 63 mg (70%) of the 

bentaldimlne 25: 1H NMR 2.95 (d, 2H, methyleene), 4.15 (td. lH, NCH-). 5.24 (m, 2H, &I+), 6.20 

(m, 1 H, -CH=), 7.20-7.85 (m, 10H. aromatic), 7.96 (8, lH, CH-N). Owing to tb InstabilIty of this 

substance, additional ~WIZ!~~WJ@C data were not obtalned. 

N-(3-Allylpropen-tyl)benzaldlmlno (26). A solution of the 3iylallyHmine 11 (100 mg. 

0.39 mrnol), altyl bfomidu (459 mg, 3.8 mmol). and CsF (293 mg. 1.9 mmol) ln 2 mL of anhydrous 

acetonitrlk was stlrred at 25W for 16h. The reaction mixture was poured Into dibilled water and 

extracted with CHCb. The CHCb extracts were d&d and concentrated In y~cuo giving an oil 

which WBS subjeded to preparative GLC (I 5% txubowax on chromororb 2OW, 2.5 ft X 506 In, 

1 SOOC, 120 mlfmin flow mte), gtving 53 mg (74%) of the benzaldlmlne 2#: 1H NMR 2.47 (t, 2H. 

CH2-CH-), 3.80 (td, lH, NCH-). 5.20 (m, 4H, &HZ). 5.80 (m, lH, CH-), 6.10 (m, lH, CH-1, 7.25 

7.79 (m, SH, aromatic), 8.25 (d, qH, C&N): IR (CHCl$. 3#0, 2980. 1640. 1590, 1210. 920, 800 

cm-l; high resolutbn mass spururn mle (M* - 41) 144.0806 (CloHloN rsgrlms 144.0770). 

N-(S-Allylpropyn-3-yl)knrrldImlne (27). A solution of the lmine 44 (100 mg. 0.39 
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mmol)+ RW bexnkb (440 mg, 3.8 mmol), ancl ChF (296 mg, 1.9 mrnol) in 2 mL of anhydrous 

~tonit~wrdirradst25oCtor18h. mer8ac9onmwmwu9andI~cawMdwaterand 

9xt~~cHcb,moc%&~wwwcwsdud~ hvraro#ulngndlwwl 

war~~~toHQLC(~~InLwm),~ng52mg~)of~krur#rdn~; ‘HNMR 

2.51-2.70 (m, 2H. CH2-G). 2.58 (d, lH, &H), 4.61 (&I, lH, NCH-), 5.12-6.30 (m, 2ti, -CH& 5.7& 

5.95 (m. lH, Ck), 7297.78 (m, 6H, amm&k), 8.54 (d, lH, CH-N). owlq to tfw InstabILIty of this 

substanos ack9tlonal apcwba?~datawannotobtainad. 
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