
Synthesis and charscterlzation of Cbiral Bimetallic Complexes 
BeahgHardandsoitLewisAcidicSites 

wecdvdin uK2Augtist 1993) 

Abdrwtt A new class of optically active hctcrobhctaUic complexes irr &scribed. The 

comphca L*MCl2 (M = Pt(II), Pd@), L* = C2-symmetric boronsantainiqg bisphosphine 

ligmd) aud lRl1(cod)(L+I]ClO4 (cod = q2,q~l.S~) wsn qnhized as poadble 

tUlIph%~aBymmeaiecrtrlyticreectioasthatillVolVC~bStIatC~toa~S 

acidicsitclulloteffomtlletrauaitionme~~aitc. RimaryamiIleswcmfoulldtobind 

mmsMyviaaB-NintcmcWtothehligaudsL*. *HNMR- mealedthatthe 

bindingccmatmtof~tluive~amiQcstoL’cauldbetuaed~vasiatEonofthc 

tkCtKdCppopatiesUftheSUbetitusnts~tlybUUBdtObUlWl. 



aldol rea~tions.7 aud all#c nucleopbilic substitution reactions.8 Although lhnited to substrates capable of 

hydrogen bonding, these~c8talysts provide the first succuu&d exemplesafSylUbetkeSymmetriccatalyseSiIl 
which selectivity ariseq ks a rtsult of substrate precoordination to a functional group away from the 

catalytically active metal center. Genemlization of this strategy to include other modes of substrate 

won would chly be valuable.9 
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Reauhti- 

ugand Design ad A)n&i.l. The choice of ligands for the chiral lK&robimeta% complexes in this study 

was predicated by the -se that a conformationally rigid dissymmetric bridge would best facilitak 

coopemCon between the Lwo metals. Bisphosphinodiol 5 (eq. 1) fulfills the criterion of rigidity due to its 

ability to &elate to twd difkent Lewis acidic mtals simultaneously, and it also has the appealing 

characteristic of being &lily accessible in either enantiamric form.11 The 1.2-dial functitity in 5 is 

ideally suited for wotdktion to a variety of early transition metals 0T highly electqositive main gmup 

mtals. Several complexes of 5 with titanium, alumiuum, aud boron were examkd. although the latter 

provedtobetbemcetmleUlbleandkinetMlynon-labile. Inpartkulllr,acylbolUWe e&ersweresekctedfor 

fuaherstudybecauseof~obsemdstebilityandsiacetheeeLewisacidicgroupsarewe~-~~to 

~blybindamines.‘~~Aminoolefinsmight~be~aspotentialsubeaatesfortwo-paintbinding 

to bimeMic derivatives U 5 (e.g. Fgure 1). Finally, the acidity at bonm could in priaciple be -tuned by 

appmp&e alyl sub&u*. 

mz 
=’ : -_k Mev mz 

4 
Flgurel. Ropostd~onofalLenamineswithtrpnsiticmmetalcomplexesderivedffom4. 

Tbe arylboronat&Isphosphine ligaods 4a-c were geneWed in good yield by mixing equimolar 

amouats of the a- arylboric acid or anhydride with 5 (eq. 1). -48-CWereiSolatedM 

00lollesscrystallinesoli~~werefouadtobestabletotheatmosphere~weeLsinthesolidsulte. 
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~~~~~COIWBWSWCZCC- ~~i~gtkmethodd~iguchi~4fbdbh~ii2whtre[rmine] 

r lOx[lilpnd]. For4&4b,ald4cthecalalhd I&q vabll W a5, 1.5. aIMi 3 M-1, rcspa%ivcly. llm, 

altlmghbindingw8sfwndtobcrathawuLinallcusr,itcarclraed wenwiththeedectdcpmpatiesof 

tl=Wlb--group. 
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Table 1. 31PNMR Cbd$pl8hift8d~1~ 

w ptfn 
& -24.4 14.0 (144) 19.2 0.8 (3527) 

4b -24.2 13.8 (145) 19.0 0.8 (3527) 

4c 247 14.0 I1441 19.0 0.8 wn 
~SpCCWaofCom#t+S19mUWUd incDgl2. spcclraofffccligands4masuredincDcl3. 

GesralAspecm. ~~~wereobtrinedwithaMel_TempII~~withadigiealthenmmtcrImd 

an-. forair-~tivcrhodiumcomphwcrcoMainedundcrN2iusealedcspillraies. TklH 

NMRs~~~sttbeU~~~ofIlliaoisonaVarirrnXt#)O(200MHz),aGeaeralBlectric 

Q&300 (300 MHz), or aMcola NT-360 Fkmricr Trmsfom spcctnmmer. Ttlel3cNMRspectrawcrc 

obtainedanaGe~B1QFlricQE~C75MHE)~a~Blectric~~C15.~~)spectromeber. 

Thc31PNMR~~0btaincdalltheGcncral~GN3OONBat 121.6MHz. chmicalsbiftsfor 

1HNMRaud13CNIblR mrepoediuppmdowdeld hm tetmme@lsilane (TIW). 31P NMR ckmid 

shiflsm?repmedinppm@vnfkldeomH3PG4(capihrytubein#rt). ~=m=wQc~ 

attherHicmadyticnlIakaatayatthcuniverai~ofnlinois. TbmaIhsspccmmwas~bythe~ 

Spcx%mmhy -Staff at the University of Illinois on a VG70-!5&W tandem mass Spectrometer. 

Gptical rotations were lneammd on a Jaaw DIP-360 digital pohimctcr. PIash chromatogmphy WUI 

pdomhed u6ing EM m-63 p rilica packed in glms columns at a 8ilica:compound weight do of 

appmximately200. ~thinlayu ChtOlMOgG3pIl)Q(TLC)Wu,perfcmmedOllalumiascouedglau 

plates with uv light or icuinc as a visualization h?&lliquc. Manipulatim of air-8ensitivc campounds were 

carriedoutundernitrogeltoaVscuumAtmoaphawdybolxequippedwithaMG40-2Dri-Trainorbyllaing 
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Wl---=l=WW-bWW=Yl -lb- [(+)-4r]. A solution of 

phmylboric acid (0.698 g. 5.71 mmol) in THP (5 mLJ uas added to a solution of (2R, 3R)-2,3dihydroxy-l& 

bi8(diplmylphoqhino)butam S1’ (2.62 g, 5.71 mmol) in 23 mL THP. Afh stining ca. me mimte the solid 

was comple&ly dissolved and TIC anal* indicated compktc dhppcmm of 5. volatile mathalls wue 

removedinvacuoandthensultinesolidrms~6mmd~~affordlaa 
colarle~~ Cry8taht! solid (2.61 g, 4.79 mmol. 84%). Mp 120.9-121.1 oc; 1H NMR (CDC13): 8 2.38 (dd, J= 

13.5 Hz, 6.1 Hz, 2 H). 2.54 (dd. J = 13.6 Hx, 5.6 Hx. 2 H), 4.5-4.6 (m, 2 H), 7.1-7.6 (m, 25 H); 1%{1H) 

NMR (CDQ): 8 36.0 (d, ip = 15 Hz), 81.7 (dd, Jp = 17 Hz, 8 Hz). 127.6,127.9,128.5 (d, Jp = 6 Hz), 128.7 

(d, Jp = 7 Hz). 131.3.132.7 (d, Jp = 18 Hz), 132.9 (d, lp = 19 Hz), 134.9,135.6,137.8 (d, Jp = 12 Hz), 138.1 

(d, JP = 12 Hz); 3’P{lH} NMR (CDCl3): 8 -24.4; [orb +4.0 (~1.16, CHClg). Anal. Calcd for 

C34H31BO2P2: C. 75.02; H, 5.74; P, 11.38; B. 1.98. Foundt C. 74.83; H, 5.76; P, llZ& B, 1.88. 

d43&wophenylborlc add, This pmccdurc is a mOdifhtiOn of the method of Washbum~l for the 

pqaration ofpheaylboric acid. With mclmical hrring, trim&y1 borate (5.6 mL. 50.5 mmol) aad thaw 4- 

chlomphenyhagnesium bmmide (50 mmol as a 1M ether solution) wee added 8cqucntially by syringe in 

appmhMy10mmolaliquotsto25mLufaahydnruscthercoaledto~Tundcrllirrogen. Afmadditkm 

ofbothnegentswas~~the~~~~fa25minuterat~oc. Distillcdwater(5mL)wur 

added by 8yIkge ovez six minutes, followed by addition of 30 mL of a 1.7 N &SO4 s0luti0n ~vcr 12 

mill-. TheLayerswere~andtheaqueouslryerwesextractedwithether(3xu)mL). The 

cambinsd~~weredriedoverMgs04mdthe~~wasremnndinvacuo.Theremriningsolids 

w~washedwithpetroleumether(2xlOmL)and~twice~boilingwruer. Theisolated 

crystalswereco~da~~oftheacidandsnhydride,yicld2.98g(l9.0mmol,38%calcdesthe 

acid). The allhydride w(uI fornEd uPoll heating the uy8tak under vacuum. Mp>25S’C;‘HNMR(t& 

acetune): 8 7.56 (d, J = 8.0 Hz, 2 H), 8.24 (d J= 7.9 Hz, 2 H). Anal. Calcd for CdQBClo: C. 52.08; H, 2.91. 

Fauuk C, 52.09; H, 2.82. 

WM--~(~W~~~ [(+Mbl. 
Compomd4bwaspqaredfmm 4-chhphylbmicacidasdrmibedabovefor4a. rtccdys~oQofthe 

cNdcpmductmixtmhmdicbl~ M Ib as colorle~8 CryStals in 88% yield (0.973 g, 

1.68mmol)~hichcontaiasd6mo196phorphinsoxideimpurityby1HNMR. Theligdw~furtherp~~%~ 

byflrahchrmLatography(elutedwith~~1~4:1),endtherwiduereCry8~frommethanol 

in 62% overall movcry. Mp 117.8-l 18.2 Oc; 1H NMR (CDQ): 8 2.43 (dd, J = 13.9 Hz, 6.2 Hz, 2 H), 2.56 

(dd, J- 14.0 Hz, 5.8 Hz, 2 H). 4.55 (dd, J = 11.1 Hz. 5.2 Hz, 2 H). 7.2-7.5 (m, 24 H); ‘%{lH) NMR 

(-3): 6 35.9 (d, Jp =15 Hz). 81.8 (d/d Sp = 18 Hz. 8 Hz). 127.8, 1285 (8). 128.5 (d, Jp =8 Hz), 128.7 (a, 
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.b - 8 Hz). 132.6 (4 Jp P 17 Hz>, 132.9 (d, Jp = 18 I%& 136.2,137.6,137.7 (d, Jp = 12 Hz), 138.0 (.Fp = 12 

HZk 31Pf1Hf Nh4R KWU3): cl-24.2c [ah +a1 (cl.2& CHCl$ Anal. Cakd for C!3&@Ci~ C. 7OJs; 

s 5.22i Cl, 6.12. Rm4: c. 7059; H. 5.2% Q, 6.03. 

~Q&mylbeikadd. A~~~~taining2.95g((X121mal)MghuninIlswacl 

flame dried under N2 ud THP (25 mL) was &ksd. 4-BmmobenmGflueri& (25.5 g, 0.113 ml) in 50 mL 

THPwas&dedhpwi$eovcronehmr,mhtabbga8teadyIefhm.Tlmmixturewas&uxednfkursdeddithal 

hourwithe%terMlhe##n& ~~~toooc,upl~~~~f~~~~**wurdstermincdto 

mntsintheeemsge&ng&@ardna8entiuammatmtienofl.6M. ThemhtiMed bmieaeidwa6 

~~inTHpattSoC,usingthe~~~~aboveforthepnparptionof4- 

~~~~* ~~W~~~~ ~~da~~ofZo~~~ 
&@rides (3.95 g. 23lQ nmiel, 29%): Mp > 240 “c. tH NMR @aceme )a7.s(&,zn,mr*anh;ydrida* 
7.T9(d.J=7.8He.~~~),7.88(~J=7.9~2H.mOpranhydride),8.19(d,J~7.8~2~ 

minor anhydride), 8.47 (d, J e 7.7 Hz, 2 H. rmrjor enhydride); I%( *H) NMR of major anhydride (h- 

aceme): 8 123.3 (q, + 0 4 Hz), 123.9 (a. &a = 272 He), 130.6 (d, Jp = 32 Hz), 134.0 (I). rixg chon ipso to 

cF3Mt&!&a!d). ~.calcdforc7H4Bp3o: c.48.91:H.2.34. Fmnfk c!,48.88;R2.22. 

MO-= 
[(+I=4cl. A procedure analogous to the one used to prePare 4s was foilowed, with 4- 

(~m’ome&yI)p~y&oric acid wed as the arylbmic acid muxce. Ths product was aystaUiz4 ikom 

benzeadhepturetoeffbfflleasacolorlesspowder(O.~~l.63~.799b)judewlOobe>95%pmbytH 

NMR. Anrlyticauy~rmWialwasobtrinedby~~~yfo~ewedby~~mfnnn 

nmthol. Mp 120.8-l&2 ‘c; ‘H NMR (CDC13): 6 2.4!! (dd, .I = 13.9 Hz, 6.1 Hz, 2 H), 2.57 (dd, I = 14.0 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 7.9 %, 2 H); *SC.{ tE@ NMR (CD@): I 35.9 (dd,Jp = 16 Hz, 1 Hz), 82.0 (dd, rp 19: 17 Hz, 8 Hz& 124.1(& 

.&=272Hz), 1~.2(%?~~4Hz), 128mS(dd,Ip=7Hz, II&), 128.8(d,Jp=9H@, 1327(4~p=~~) 

133.0 (4 rp = 20 Hz), !as.l, 137.7 <a, Jp = 12 Hz), 137.9 (a, Jp = 12 Hz); 31P(%I) NMR (clx&): b-24$ 

[ab +5.3 (~1.23. CHCl@; Anal. C&xi for C!3$I3oBF30&$ C, 68.65; H, 4.94, P. 10.12; B, 1.76. Bud C, 

68.53: I?, 4.%; P, lO.@B. 1.56. 
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r12#-W-WP4~~-~~~W 
-h-l- pmbhmte(lb). Tbesanepmcedum~torthepepartiond1~wu 

followeduring4ehloropknylboricacidinplaceofplmylboricacid. (hmpoadlbwaairolrtedby 
p&pitation from aWmcdU@ctbcrasaycllowpowfk(98%yicld). Mp>15WCdax;*HNMR 

(CDCl3): 8 2.08-2.13 (m, 2 H), 2.22-2.27 (IQ 2 H), 2.373.53 (m, 4 H), 2.74 (dd, J I 14.2 Hq 9A Hz, 2 H), 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(brs,4H);31P(1H}~(~2):g13.8(~~n145Hx). hal.C&dkr cnH&BClzW2RhI c.56.n 

H, 4.76. pamd: C. 56A$ H, 5.02. 

. 
~lether,andwas~tobec&95%~bytHNMR. Mp*160°C&c.; WNMR 

(C&C&): i 2.17 (t, J = 7 Hz, 2 H), 229-2.35 (m, 4 H), 24-25 (m, 2 Fl), 2.69 (dd, J = 14 Hz. 9.0 Hz, 2 H), 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8 Hz. 4 H); 3tP{ ‘HI NMR (CDzCW: (I 14.0 (d, J = 144 Hz); [ah +1.8 (~1.10, CH$l2). Anal. Caicd for 

c43H428c1p30&Rk C, 55.W H, 4.59; B, 1.17; Cl, 3.84; P, 6.71, Rh, 11.15. pamd: C, 55.61, H, 4.74; B, 

1.22, Cl, 3.91; P, 6.59; Rh. 10.98. 

~Sr[(--~~4s=blst a-3 
(zab MetbodA. c4mpnmd2awasprqmred~tothemcthodofcoasigBoforthe~softhe 

anslogousdiop~~.~o~(O.129g,0.238nmrol)wurdded~araoiidaastirnd~d 

PdCMPhCN)2 (0.0912 g. 0.238 mmol) in ehr (10 mL) aad rho multi118 mixtm was stimd 36 II at romn 

teqmelm. ThelWul6ug~tewMirolrtedby VElNEllfltntionmdwuhedwithetha(8lUL)b 

afford a pale yellow solid (0.112 g, 0.155 mmol. 65%). Mp >#w) Oc dcc.; *H NMR(CDCl3): 8 2.6-2.8 (m, 2 

H). 3.1-3.3 (m, 2 H), 4.31 (t, I = 6.0 Hz, 2 H). 7.32 (t, J = 73 Hz, 2 H), 7.4-7.7 (m, 19 H), 8.11 (dd, J = 120 

HZ, 7.2 HZ, 4 H); 3tP( tH) NMR (CD&!& g 19.2. Anal. C&d fw C34H3tBCl202P2Pd: C, 56.59, H, 4.33; 

CL 9.82; P, 858, w, 14.74; B, 1.50. poand: C 56% H, 4A2; Cl, 9.82; P. 8.68; p4 14.99; B. 1.42. 

PP’-K~-w- -)-t-w-l-l 
d-h@hdl~(ll) (2b). Method B. Solutions of q2,+(1,5syclooc~~ 

(PdC12(cod))23 (0.0571 g, 0.200 mmol) and 4b (0.116 g, O.u)o mmol) in CH2Cl2 (10 mL each) were 

combined at mom tcmperahm TLC analysis indicated imaediab aud complctc disappcamcc of 0. 

Hewe(lOnlL)wrsllryaedonthe~lutianmdpPleyellowcryrtalspaacipitrtedafter2d. Tbcwue 

filtmdswashcdwithpclme(4x5mL),taddriedrmder vaculmltoyieldO.119g(0.157nnmoG78%)of2b. 

judged to by ~95% pure by 1H NMR. Mp ~1490 dac.; tH NMR (CDQ): 8 2.6-2.7 (m. 2 H). 3.1-3.2 (IQ 2 

H),4.31(~1-6.2~2H).7.29(d.J=83Hq2H),7A-7.7(m, 18H),g.lO(dd,J=11.7Hz,7.4Hz,4H); 



~lP{lH} NMR (CD@@): 8 19.0. Anal. Calcd for cuH3oBc13pzozw: c. 54.01; H, 4.00. pd 14.m Q. 

14.W; P. 8.19; B, lA3.~Ww1dz C. 54.15; H, 4.05; w. 13.99; Cl, 14.37: P, 8.30; B, 1.46. 

WWlR)oanr-~~45-W~kW 
McthodBwasuacdtoprepamcompo~I2c.withtbecxqtion 

thrttheDcwcysullinypowderyplroduct~~byadditionofbexanetotheQI3Qz~~md 

rcmovalofthcIlMxeva@gileCHzQzllnde!cvacuum. ThEpalcyellow8olidprovedtobconly&glltly!Jolub& 

inmostaolvents. YieldR2A2g(0.306mmaL76%)ofacompaundjudged~obe5%punby1HNMR: Mp 

>130” d=.; lH NMR (a’=&): 82.628 (m, 2 Ii), 3.1-3.3 (m, 2 H), 4.35 @r t, J= 6.0 Hz, 2 El), 7.4-7.7 (m, 20 

HI. 8.12 (IQ 4 HI; 31Pf W} NMR (CDzQ2): 8 19.0. AnaL C&d for C~~~C.I2p3o2p2pd: c, 53.23; H, 

3.83; W. 13.47; Cl, 8.9&P. 7.84; B. 1.37. Faund: C. 53.33; H, 3.83; Pd. 13.61; Cl. 9.33; P. 7.86, B. 1.25. 

- -- _ .-__ .~ . . 1 _ ALL 

@al. Methodc ~his,msprcpadrccordin~tosmodifisdplocedursof-tae~a~.‘~ &ta(o.i4i 
g, 0.357 mmol) and 4&r(O.204 g. 0.375 mmol) were IqJuukd in xyluKul (10 IIlL) and the mixtum wan 

refhucd21hundcrnitiqgul. Thecolorerssolidetllatwcrcfapmd~runovcdbyfiltrationoftbccooled 

mWtionmixtute. The&rcaLew~w4ehcdwithlomL~~2endsol~~~~~Eiltnb 

by v~cu~ull tmnafcr to w a colorleas solid which WM ruxyatallked frum CH2Cl&exaw. Yield 0.149 g 

(0.184 mmol. 52%): I& > 270 “c dcc.; tH NMR (CDzclz): 8 2.7-28 (m, 2 H), 3.47 (t, J = 14.4 Hz, rpt 102 

Hz. 2 H), 4.37 (t, J = 5 7 Hz. 2 H). 7.32 (t, J = 7.4 Hz, 2 H). 7.4-7.6 (m, 19 H), 8.02 (IQ 4 H); slP( 1H) NMR 
(cD2cl~: 80.8 (JR = 36a7 Hz). Anal. C&d for C34H3+Cl~o2p2Pc c, 50.39; a 3.86 B, 1.33; Q. 8.75; P. 

7.64; Pt, 24.07. Foundz$, 50.03; H, 3.81; B, 1.17; Cl, 8.86; P, 7.e; Pt. 23.86. 

&w(--~4-~~9-W 
-btn'damldlcbl~atbnm~(Il) (3b). McBbod D. A solution of 4b (0.293 g. 0.5W mmol) in Cii$l2 

(6 mL) was added to a~plution of rl’;r12-(l.Scyclooctadiene)dichloroplatioum(II), ptclz(cod)u in C&Q2 

(40mL). AfterlOmin&exaue(2OmL)wasadded. Acolorle~ miwcrystallinewlidfurmeduponrolvmt 

evapomtioll. This matqal was washed with pentanc (10 mL) and drial under vBcllum (0.378 g, 0.447 mmol. 

88%). and was m to be >95% pure by ‘H NMR. Mp >170 OC dec.; tH NMR (CDCla): 8 2.7-2.8 (m. 

2 H), 3.45 (t, J = 14.2 I&. h = 99.2 Hz, 2 Ii). 4.37 (t, J = 5.6 Hz. 2 H), 7.29 (a, I = 8.3. Hz. 2 H), 7.4-7.6 (tn. 

18 H), 8.01 (m, 4 H); flP{ ‘H) NMR (CD$l& 8 0.8 (JR = 3527 Hz). Anal. C&d for C34H3oBQ3oLpzpt: 

C, 48.34; H, 3.58; Pt. 18.09, Cl, 12.59; P, 7.33; B, 1.28. Found: C, 48.56; H, 3.66; Pt. 23.47; Q. 12.82; P. 

7.22; B. 1.39. 

v+m4J--~~l~945-~~b~ 
~lmmlm~!l~~~~(II) (3~). Complex 3c was pmpared according to Method D. and was 

isolated a colorlcsa cqWlinc solid in 79% yield. Mp ~250 Oc de.; tH NMR (CDCl3): 8 2.7-2.8 (m, 2 Ii), 

3.47 (t, J= 14.3 Hz. ipr~* 98.7 Hz, 2 H). 4.41 (lx t, J= 5.5 Hz, 2 H), 7.4-7.6 (m, 18 H), 7.73 (d, J= 7.8 Hz, 2 

H). 8.02 (m. 4 H); 31Pj 1H) NMR (C&C12): 80.8 (lpt = 3527 Hz). Anal. Calcd for Cfl3oBQ2p302p2pt: 
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C, 47.86; Ii, 3.44, B. 1.23; Cl, 8.07; P. 7.05: Pt, 2221. Fd C. 47.60; H, 3.42; B. 0.98; Cl, 8.21; P, 7I& Pt, 

22.04. 

bEqta=Mh(lO). ThemcthodofBartlett~fortbcpqamtkmof5-kcnenitrilcwasfollowedusing l- 

bromo-s-hexulc= in place of l-hromo4 pmtcnc. Thepmductwasdistikdtoyicldaclcarcolorlessliquid 

(5.72 g, 52.4 mmol. 76%). Bp 82 oCn.5 Torn tH NMR (CDQ): 8 1.5-1.6 (m, 2 H). 1.6-1.7 (m, 2 H), 2.10 

(dt, J = 13.8 Hz, 6.6 Hz, 2 H), 2.35 (t, J = 6.9 Hz, 2 H), 5.0-5.1 (m, 2 H), 5.7-5.8 (m, 1 H); W (NaCl, neat): 

3532 (w). 3077 @I, 2936 (8). 2863 (8). 2245 (m), 1833 (w), 1640 (s), 1460 (m), 1427 (m), 995 (s). 914 (s) 
Cm-l. 

6-JGpbn-l~(9). Nitrile1O(5.69&521~)wasdissolvedin~mLdryetheratOoCand~ 

(2~g,54.5mmol)werddedasa~portionwireovar15-20min~. Thercactiwmixtuewasstirred 

for1hasitwasallowedtowarmtomomtempersture. Ilqulic~were~rccordingtothe 

Fiesa~~andealvmts~csnfullylmrmed~thsproductuaderwaterrspintor~~rtooc. 

Pllrificat~ofthecrudeproductmixtanby~~lairtillatimrascleer~(l.64g. 145 

mm& 28%) judged to be 97% pme by GC. Bp 151-152 Oc; *II NMR (CDQ): 8 1.08 (br s, 2 H), 13-1.5 (m, 

6 H), 2.04 (dt, J = 13.7 Hz, 6.7 Hz, 2 H), 2.67 (t, J = 7.3 Hz, 2 H). 4.9-5.0 (m, 2 H), 5.7-5.9 (m, 1 H); 

‘t( *H} NMR (CDQ): 6 26.2.28.6.33.6 (2 C), 42.1, 114.2, 138.8; IR (NaCl, neat) 3368 (m). 3293 (m). 

3077 (m). 2976 (m). 2921 (a), 2853 (s), 1823 (w), 1640 (s), 1460 (m). 1439 (m). 1073 (m), 994 (s), 966 (m), 

909 Q, 816 (8) cm-l; p = 0.787 g/mL. hsl. Calcd far C7Htfl C, 74.27; H, 13.36, N, 12.37. Farad: C, 

73.90;H. 13.48;N. 12.34. 

Tltrathaperh¶k Thtionswuenx&o~~IbytHNMReithatconstauttcqnnrcoratroom 

trqwaue(18-22°C). Watcrcontamhatianaudsmall~inprobctuqanueuerefioundtohave 

nomsasumbleeffcctsontllechcmicalslliftsthatwcrclMllitorcd. cbmicslshiftsweremasuredhHz 

relativetoaninternel~strndud(forlHNMR~)~~toe~(crpillay)salutianof85% 

H$‘O4(far31PNhJRstudica). C!l1whlshiftswcrcfinmdtobcreprodudbletowithinM.5~ 

Inatypicalexperiment,amu~Mountofli,gandor~w~~l~inCDC13endthe 

aolutioawaadilutcdto1mL.iaavhme&ic&sk. Analiquot(0.65to0.8OmL)wastnuuhmdtoa5mm 

NMRtubcbyglasssyringe. AtterallinitialNMRspcchumwastskc!nofthissolution,tbcsamplew8stitrated 

wirhne8tLcwisbasc. 
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