
BYNTHRRJS OF o -AYIYO ACIDS WIN0 TRANRITION MRTAL CATALIBIS - ALKYLATION O? 

SCHIPP BARR8 DRRIVRD PROM Q - AWN0 ACID RBTBRR CnBOIO. RTRRRO - t9RLWTlVlTY) 

J.-P. OBNRT*. 8. JUOB. 8. ACHI. & YALLART. J. BOIZ YONTRS. 0. LRVIP 

xabmmtoim de 8ynthbs O~dque at 0~~6tmmf.p. ammo16 C.N.B.8.. Onivemltti P. et Y. 

Carlo. 0. rue Cuvier 75.05 - PAR18 @nnae) 

Abtmot : A gensrrl eppcoech to the synthede of Y,6-wtwted a-emino l ctd astela bdea?fibedo schiff 

m &rived fmm glycine and alanine wtere wem elkyleted in the pdan?e of pellndlum or mdyMerum 

catalynta uwser neutral or basic conditiam lmlng allyllc ar4XXlate&eatelmar~kk!e.(20-95~ytel4Theae 

leas stnbilited ~~~leophflee reacted rlth the 7’ ellyl qmciee cm the elde oppceite to the palla&um uxi they 

CM be cl&fled en aoft mbcleqhllea The twglwelectivlty wee studied with vwiaa ~mmetrlal 

electlPpMlee. After h@~~lyak mveml functicmellted a-amino ad& of biddoel interwet (enzymca 

inhibitors) vele obtetned. Anym metric pelledfum UylIc elkyletim of the barttqhenone imine glycine methyl 

ester w Pd(OAc12 l ( l )i)lOP WIU achieved with q~ to 68 t ee ; the enantiamlective RI-plromoted 

alkyleticxl of thin new end lgeful pochlral nucleophlle for the eynthasL of o-amino rald, in cme of the 

highest ee hrm 

INTRODUCTION. 

-t&n metal cetalyde b beaomhrg en impartant aynthetlo q eUIoQbW far ohemo. rsglo urd 

etereaelective ati-artxm bond fametia For ellylio dyhtim, phdium la richly ud a0 a at@et 

inorganiceynthed&l-2 CaUlysta mch M mdytxlerum’. ~tr\‘. tdoke16 and rhatlum’ oomplex~ lkwe 

bean mouwy intnnlucul to echleve eelectlve tramformetkm url to modify tha re~ctfvity of the ellylio 

complexa arch M 2, germwted by oxktetlve wktltim of an ellylia mAetlrt8 1 (oulsrr al- atam 

c*tea. etc.). (scheme I). 

MT = Pd.Ni.Mo. W . 

8ohere I 

?he use- of thin metbodolcgy in eyntheab hne ken &mmtretad ly the utiliutlan of cubenium 

ard hete~leqhlla Of pvticuler lntslsrt. rfth palledturn uW* tlut wee lma been extemlvely etwlial 

*I*1 applied to soft l otiw methylene compamds wh (D m8lamtea. l uetoeaeteta eta. uxl herder 

oqenomstAlll0 m&cleophile& 

Our rueeuoh wan nwemtly fooussd on potsntiel rwta to o-emlm l ci& that rely upon 

pelleclium-elkyktion tier very mild acnditiar of aubawolec#dle pscvmrs. m&l ea o-nitro l uetlc 

estem* -me 11). wxl Sohiff hues &rived from glydne methyl eeter’ rbi& after l cldic myd& gwe 

the w a-•mlno Edna Sinue the arlier laporte of Stork et el.l” l ?xl Yam&a11 on the cleeulael 
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alkylatlm of amino l uid eden derived km Sahiff w elegant urd efflcient routee to o-amino aai6 hmve 

been widely rsported * etraq baeee’* anil plum trader cux21tlm13 S&Ml buca of o-amino l clrt 

eetm m tntetwth cadx~~~leophilu and am capeble of expeMing the accpe of tremltton metal allylic 

alkylatia We have found’ that when allylic cubaweel’ are wed ae al@lattn([ derivatlvee the l lkyleth of 

Schlff bame of glyoirw aster ten be performed under milrl and neutrd ccdlttm We have PLO rwported15 

that the ankn of the benrophenuw imine of glycine methyl wter can be rmal an a new and intered- 

pmhiral rwlecpMle in ermntioselectlve palladium -promoted alkylatlon bcheme 111X 

02N JR” wLn 
\ CH2 + ‘+ - 

RO*c/ 0 m (b) 

(70-90 t yield 

(a) R” = CH2 NaH or KPIAlumine. 

(b) R” - OEt without bee. 

&here (II) 

“\ 
H2N 

Ph’- “\C” 

(I) LDA. THP - 7e.c 
. / 

* 

/ * 

(il)CH2=CH-CH2OAc l Pd(&aJ2 + L* 
)/v 

YeO*C 

Meo*C (111) H20 + 

ee = 7-57 8 

a-0 (III) 

Hm we lsport ahemo. etetw- arxt rrgiochemical remAte obtained far the uetalytic alkylation of 

Sotdff bmee 3. j, j, 1, j ad 1 derlvd from glyaine eetsr. aminoeoetudttilo uwl alenine rters vith varier, 

,2 allyl tntermdiata or type lJ generrted aetalytically km the allyih e-tee 10 (e.g. l lQli0 - 
atem. autxnmta and lmlidd tkheme IV. lhi~ oatalyxat anxbm-car&m bond formatlcm lea& to Y. 

d-untrarted, ~tlatallred. a-amino aat& rhloh cwetltute an important alar of bidogioallg active 

compawxle aa they may act aa enzyme tnaativatozn. 16 

Ph X 

Ph’“,CH 

-a 

2 ‘=“>CHMe R 

R’O 2C’ 

A: X=H ; R=Ph; R’=Me 

A: X=Cl ; R=H; R’=F,t 

Nd 

0 

It’0 26 

z:X=H;R=Ph;R’=Me 

1: X-H ; R=Ph: R’=f?t 

j: X=Cl ; R=H ; R’=Et 

xdy L XL& MT*hy- 
11 - 10 - 

Sobme N 



52fd Syntbrsir of a-mu00 acids uq transition metal aulpu 

RESULTS 

1 - AlkytBttoa of tlohtff buw lad.? mtd dttan 

l?le SoMff boa ued A. !j, 1, + and j am aqmtalline and ~adlly yntJwdred l uua&ng to the 

O’Dcrmell p4vcedurQ. l’ ‘ms alanins derlvattve 1 L obtatnsd hpm the v alanbe ethyl ater 

hydroohlorida and p -ekldehgde, in the pm of triethyl amina In order to CompaIw the 

rsactivity of tham dlffmt Sohill bees, the dkylation UM first anrried cut with ally1 and 2 - methyl ally1 

carbamte 12 and 1s. - - 

As ahown in t&lo I bnty 1). the reaoticn of p-ehlo~raldahyda loins i pzwwded smoothlytnlh 

st room temperatlur. ‘Ihe v imins derivatipse j. j appeared to be lss reacttve. &Ice the 

reaction requlti 2 h at 2O’C in the plsseneo of the PWppeI2 a oatalyst. giving 14 urd fi rqmatlvely - 

k!YltrimY 2.3x 

TABLB I - Palladium alkylatiul or .ScMff baaem rmder rmutm1 cax!itiuu 

Entry S&ill illytlc nme T’ Catalyst (%) PRxklcta YMd 

been aAbt_te 09 (C) (N) 

Cl-&H=, 

13 71 - 

EtO2C 

1 1 
/N°CoZEt 

1 20 Pdk-@d 26) 

Pd(dF@2(5) 

11 - 

2 r LI 2 20 

,&oco2at 

3 2 2 

NC 

20 f%t@& $5) 

25 25 w(qqm) ~5) 

19 65 - 

15 - 

12 - 

Cl CH=N 
/ 

XY 
g 95 

mo2c Me 

5 ! 12 - S 

Ph 

6 ! OCO 2Et Pd@ps) 20) 1S 80 - 

10 - 

7 ! 0 oco2I3t 
- 

10 - 

2 25 w(m) 2(5) 21 70 - 

Ihe bauaphavrne imine of ahnina ethyl aster j wu mmaottve uxler the mm0 mditlau (snty 4X In 

ccntrut. the ddlmine 1 cabd be reacti@ alkyiated to giw an dmat ~titntlw yield of the ~,a- 

dhlkytatd pm&hot 17 hntry 5X Thlr dfhwnoe in reactlvlty betwean - ~and~canbeexpuledbythe 

fdlorw q aohantam : 
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R 

0 A0 OCO2Et G- 1 

R 11 

BtOH 

2s - 

J.-P. &NET *I al. 

R 

4+% l co2 J l no- 

;d* 22 

l.“L.- 

(1) 

(2) 

14 - 

The ClaRdoal olddrtive uknttoll of palladium(<)) @atalyet affords the aleotX@illo q2 @Isa 2 with 

dmultamam formation of carba~ dioxide ar~I ethoxide anion eq.0). Ihe ethoxkie anian depmtormtea the 

Said11 bane E. followerI by ~~~lecphilio titian of the enolate 24 on the catiarlo 7’ ellyi palkdlum l ffocdlng - 
the alkyleted S&ill baser 15 with generation of the catalyst eq. (2). Ketimine Ot=R”-Ph) laactivity of - 

l lardne ester im blocked at step (2) beoa!ae~ the bQlEaphenone imine alanine ethyl wter Sohiff base in not 

acidic enaqh and the etholdde enion camot pick up the ppta ‘* ln oultmet to ths alrflmine moiety 

(R=p-ClCgCH4. R”=H) there iea a&mtantial incmame in the acidity of the a-plpton of the S&if1 brsc’* 

ud thue the cteprotmtlon reaction can occur. 

‘Ihe two cyclic allylic outxxutw 18 ud 20 hve hewn dmilar raaotivity w-ith glyoine meUy1 ater - - 
S&ill baeea The alkylatlon of the ayalopentenyl ca*te 18 pnxeeded - rmpidly (2 h. 25’C) arNl gave I# - 
(entry 6) in 80 t yteld. Under the -me ccnditium, the ayclohexenyi ca&xmte 20 1~~%3md a 70 5 yiekl of - 

tha s alkytaied Feu3lJct j_l tently 7). 

The rlkylaticm of the Sohiff beaee WM alno shrdled with uuym metrically arbstituted cubamtee am?h 

M fi. 11 and 20 an ahown in table II. ‘Ihe reaction with glyoine ard alanine ester Schiff buns!. ?,t wan - 

carriedout inTHP~~riaali,gurda Inthe~oftheSchln~~andi,thecfppel~ndfa~the 

linear pmducta 10 and 24 over the bmnohal - - ~ID&IC~~ E and fi (entriee 1. 5). Swpridngiy, aladne Schiff 

baee 1 Aowed eome temlency to be aIkylated with 3 et the mars eterlcally hir&red allylic termirxm by 

mdppeaea lig~udgr~5lud52ina6/4mtia~snty3XThe~nchedp~t 51 waeobtalnedae - - - 

dngle product (entry 4 ) m a laqer (IIIOIW o~~wdiq$liga~~I arch M PPh2.l’ 

Sinoe our first o&ervntion of the chefno, lsgio ard mlective alkylation of 1.4-moetata 20, 

bihreticmal 1.4-ally110 derivativea have been widely ued in dimctirq nucleophile’ rttaok (e.g. 

chlorcwcetateq” vinyl epoxicia~+~’ l oetate phasphonrtsd.23 htolrt rrtcsntly. we hnve ahovn that 1,4-acetoxy 

-tee meted chemoeelectively with nitmoetic e&es* ‘~JuB, the maotlon of Schiff brse of giycine 

methyl erter (2O’C. 2 h) with G!)-4-•cetoxy-2 butenyl ethyi oartmmte b wy ohemo. regio afxl 

rt~lectlve. The Schiff hue A denrent exchmlve l ttaok at the I-p&tbn of the l uetoxy lpap urd 

l ffozdai the highly titiuulirad cr-•lkylated. Y, 6--t-ted aster 5T with E etereoahemintry enty (6X - 

lXia material hae been raoently ueci ae an intermediate in ntural p&t synS2’ 



Syntkis of 8-~mmo 8cids hog tfaosit~oo metal atalysis 

Enty scldff Allytic Tlme CatalyBt ($) Plubctn Yiekl 

barn mat-to 03 Liganli(N) (0 

Ph 

1 r //\r 7 P&4&2(2.5) 

OCO2Et 

2 0 26 - 

3 1 20 - 

T 
72 Rxdba)2(2.5) 

,/- CN 

PCy2Ph (5) rr;x 

p”\., 
Pt! &M* 15 

H H 

24 w(@e)l<S) 

4 8 26 60 - 

5 1 phW-oCo2Et 

Pdmd 20) 

KPt93(2O) 

LO 90: 20 20 - - 

ClPhCH = N CO 2Et ClPhCH = N 

+ 
G 

te 

Me Me 

21 60: 40 22 65 - - 

100: 0 IO 

ClPhCH = N 

Padppe) 20) 

15 : 25 ‘Ph 93 

a4 - ,s 

Ph 

70 

- 

2 - Allyl8uan of aomff k e l#Ao oaadttian 

Tbo uttlis&cu~ of the’mlm of thae la, mt&4llred m in tlw&t1cm metal utalywd alkylatbn 

with allyl at- or blldsr b ala0 puttoubly efflotant. some axamplm M &nvn h t&lo 111. nte maotim 

plvaedd ln x. 8t IOU tempemtlm bntria 1 - 

methyl ater naoted with oitrumyl l wtate 40 and - 

6lrqle pmxbt bompuw with anty S table II). lb 

(- 40% and *vi the dgfvattva 21 tn goal ytold (90 - 

3X The lithium molnte of bmzqAs3nom tmtne alanina 

affotded (arty 2 table 111) the lineu product 41 M a - 

2,o-~te 42 madd at low teapalmtum - 
oentrg h 
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TABLB III - paumnun ud mdytlhmr om.lyz~ alkytaticn of sot&Y bvss l&m b&c duKuru%m 

Enty Sohtff Bew* Allyllc Cetdyst (8) Temp. nme Pmboi Yield 
abtlrte Li.gand(I) co 01) (9) 

Cl 

A 
Cl Pdmd 2(S) -60 

PmlI 20 0) 

18 - 

Aa Pdo2(4) 

Phd dppe(8) 

-40 

425 

40 - 

OC6H4Cl2 

b 

Pd(dba) 2(3) -40 

I @&X-W 
42 - 

No<CO)g(lS) 60 

oco 2et 

42 - 

p ho/\/J 12 

(CO)2 N&H .3CN)2 (5) 

fi 

j” AoOCH 2 

46 - 

- ONe 

p 
/ ’ 
* OAa 

+ 
. 

WCl/2(5) 

c@pe (10) 

P&dw2(5) 

dppea0) 

Pdkbd 2(2) 

c@fm (6) 

w(dbi) 2(2) 

w (6) 

6 46 

40 

25 

25 

25 

6 

24 

2 

1.5 

25 

0 

6 

r 
Ph 

p)‘Nsph 92 

Ye 

t4 JPh 
Q-( ‘Ph 80 

CO3Me 

x! 
Ph 

50 

Ph 

Ph’-NF 28 

NeO2C Me 

46 - 

/ -N CH2 

Ph Y 
20 

NeO2d 

r7 
Ph 

m~N)+--J I35 \ - ONe 

Meo2C 

PC /ph 
Cfh =\ 

I 
Ph 39 

52 - CO2Me 

i 
ln the form or the M edate paformed by ttwatmcmt with : W LDA ; (b) N.O-Btr 

(trlmethyldlyl) l oatamlQ (LtSA) ; (a) NaH 



htomat@ly w Nuleqhua in thetr adlo &to far Q tn the pewauW of BSA. ~otd in the 

prarrwofsdgbdrum~~~ba~te~Thuitir~ctoa~olrn~tbnoi~ 

sstertntheprsssn?eofMo(CO)gatthemcpsUbtltutsdouba,~the~td8ddffbar~tnSO~ 

yiekl (emtry 4X M+xIeua -oWlyaed alkylmtton of the ala&u S&&ff brr pnwwsdd h lowu?yWi 28 8 

bntry 5x The e.UylatLan of i with fmottaldircd oyoblkalyl wotate *, * tdgwghtd the ynthetto 

usfubwm of thb me- ad gave tn fair to good y+elb 00 ud 65 8) the dari~tiwa 41& 4% The - - 

highly ftmctiamlited 2’-uyuloalkenyl derivative e in a val~bb intermediate Irr the ynthais of an 

irravendble inhibitor (antica@& of glucasamine-B-pte ~thetaeb2’ Ihe etereochemistry of the 

reaction uaa examined with the cb c8rwol acetate e ati tNls cuveol bmzate S,. llm tmtment of tbare 

two derivantivse with the lithium -to derived fl~m benrophemne imine giycine methyl ater in the 

presence of Ptio) catalyst gaw the de 51 l rrl tmrm 53 alkylated prpduct# in moderate yield (20 ud 39 0). - - 

mtively. Since it L known Uut oxidative additb m with in& of confQ&icm2. the retention 

of ccnfIgutatio0 at the allylic center indlcatee that the Schiff tmese aniam rwcted cm the q3 ally1 wsr at 

the aide oppnite to the pallndium. ‘Ihaa, lea at8bilized carbulwleophilee cql be cbaalned ae sDft 

nucleophtlss in the palladium -catalyzed allylatkn. 

3 - Bnultcrao1eatiw alkylatiom. 

In recent yearn enantioselective C-C bond form- methods udng trursltion metal catalyaie have been 

widely developed. 2 6 A particular inted of the eyatcm d~ribed abow ia its potential to be ued in the 

#ynthe& of highly mlbatituted chil?Ll o-amtno l cti2’ ln cur prelimimry ahxty the diphenyl imine glyctne~ 

methyi -tar 1 haa been &own to be an inteWtlr# pr~chiml mb&cphtlalS in Pd - catalyzed alkylatian2* 

ud. in thin regard mveral ligarxb hw been teeted. Caxwfully exam- the differart faotm2g in this 

reaction (scheme VI we fourrl that Ihe ratio of palhdium to chiti phoqhine in cn~ial. At le-t 3 to 4 

m per palladium wem neceeuy to maximize enantioselective C-C bond form&q. Enantioselectivity 

wan effected by the mtm of the oatnlyet, m well aa the hem, in Bencrating (he 000 anianM&own 

in table Iv. 

‘2 

Ph’ N’ 

(1) Baa8 

/ 
C”2 

MeO2C (ii) PdLn* 

CHz=CH -CH2OAc (8) 14 - 
&here V 

TABLB IV - Enanti~lectiw alkylation of bemz@emne imine of glycine methyl aster 1 with allylio 

acetate 

Entry Bane Catalyst (t) Temp. nme PnxkJct Yield ee 

Llgand (t) co 01) ($1 (b) 

1 LDA PdUm)2 (3) - 35 6 (Y) 62 38.5 

(-IDlOP (6) 

2 LDA * - 55 0.25 (9) 50 55 

3 t.WK PdG-maJ2 (3) - 60 4 00 22 7 

(+)DIOP (6) 

4 LH MD8 Pd(OA0) 2 (3) - 60 3 00 68 08 

( l IDtOP (8) 

‘I?nouQCrdan~tadbythoaotia~ofLDAat - 35% l If_ tha a-atkylatad pauklot tn 38.5 ee. 

Lowering the moticm tempemture inaz~mal the amntlaeleotivity rp ta 53 t bttrta I- 2). ?hs mture d 
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the bow ah exklbited a dmmatlo tntluema. emntiomerlc axccm (7 t) was obarwd drq t - iWOK (entry 

1). lnteresttnglp. the we of W(OAa)Z (*)DIOP m the catat+ at -6O’C m thuemntiomerlo Srcsrrq, 

to 66 t.l’?de oatalyst ia the mat etfiotsnt one (oompare entrkm 2 and 4X 

4-A m dalkyt8M &hill W 6ynthatm of a-dkylatd and o.o-&Wkytatad l mtmaten 

he~tsd~lt~ornbc~~y~~tntothe~ a- maw urd o.o’-dinkylmted 

amirm aokl ~tea In good yields (tnbte VI Thuq we have prapursd 2-ddc~oal tyl glyotne e. enxymc 

tnectivators of Y-cyatathtcmam, 16a and the methyl annlaguo 56 of methyl ester of true-2 amIno-5 - 

phenyt - 4 pentenolc acid, which is an tnhfbita of S ad-1 tmmf-.Jo The 2(2’cycloalkeryl~ glycfrutee 

rgntheslred here am ales of bldogical interat. dnce 2 - (2kyclcpentenyl) glycine fi has m teolated km a 

natural mus~a.2~ the cyabhaxenyl analogs ester 5? have also been recently synthedzat3* ‘lbe urraual amino - 

acid Y, 6 -dlhyd~~indeudne eyntheuited hem 56 hae alno been ieolated ae the lactcne hydnxMortde on - 

hydmlyzde of u- and b- amanittn.33 

TABLE V - Hydmlydn of o- mm and a,~‘-dialkyleted S&It bemn 

Schiffbrse Metha% Time 01) Amincmeter Yieki (0) 

15 - 

15 - 

(A) 

(A) 

NH2 Cl 

cu \ 
M*t 

NH2 

CO2Me 

54 80 - 

56 - 60 

21 - 

41 - 

27 - 

(A) 

CR) 

(B) 2 

13 

2 .:,::Gh 

5T - 

56 - 

50 

70 

55 60 - 

method (A) 10 5 HCl ; method (B) IS 5 of ottric acid then tmatm?nt with edid K2CO3. 

CONCLUSION 

The trrrdtlcn metal atalyzed akylatian of Schitt W of u-amino a&l eMezm provida an epedally 

attmctlw ammach tar the eynthada of o-mum and a,a’-Uhbtltuted o-amino acid of bidogtaal 

interat. We haw eqanded the eoope of palladium nsutml alkylaticm * l llyllc carbcmetee to the lem 

etabilixed carQan~leqhilea aK?h aa Schlff brea of a-amino eaters whiuh are important uyntham in oqank 

eyntw It Is noteworthy Uut In theee reactions a laqe variety of ally% halidee and allyllc eeters oan be 

ued rolder MC aand(tlum at low tempezmhuv in THP. ‘thin methodology otfere come other advantngcr owr 

the clamtoal l lkytatim partlculsrly ln cantrollirr(t -0 and enantimleottvlty by the m of a metal 

templnte. Mwh moxe work remaim to be done to Imprave ermnttgelectlvity ; however the enrntioselecttw 

oatalyth W-allyi alkylatlan of the m imtne of the gtycine methyl eeter L cne of the highest 

etuntiomerlc excm m Artg a prochtlal nuoleqhIle, 
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2*lopartyi l tw cutnucc s TO a 00hm0f 2iytlopslt=iwi (1.~ g. 20 ~1) rd l tw chlomfo-tc (2.1 rl, 22 

wl~~ndry~lsr~lori&~20d~~d~a,dbad~ridlrr~1.8rl.22~1~st~~forlh~O’C. l lldcow=rg 

to~~rmrrrforZhrd~~dthlO~qrronHn(lOrl).’Rr~lycrruQcrrradrdarrrraddth 

mtlyykrr chlorI& (15 ml). nw &insd olgmic *r tith uturxtal awamrn uemuMdthsxtumtd~tel. 

dried (MS&) sd cmcmtmted LO give 2.65 g (85 X) caboytc g - x celorlas oil. 

1.R (fib) : 1735, 16Y) m-l. ‘WNSf (CCCl3, 80 WE) 6.2-5.4 (a.30 ; 4.2 (q,nl) ; 2.6-1.6 (m&H) ; 1.3 Ct.%). 
2+cldaanl ctlwl cutxnam 0. (_ fm 2tpcldEYavl~1 aaacdim to tk pmceuw dturibd abou). 

I.R. (f!la) : ?XO, 29U3. 1735, 16Y) &l. 1 H-Mt (atX3. AotMxtr) : 6.2-5.7 (9.2H) ; 5.3-5.1 (=,lH) ; 4.2 (q.M) ; 2.3-1.5 

(m,W ; 1.3 (t,Yc). MC. for QlQ/,o) C : 63.53 ‘I ; H : 8.23 2 ; Faxxi : C : 62.85 ; H : 8.24. 

(2, wwl (N2-tuwryl) cmbavrs 3. l-urroxy-4tydmxy2haa (7.14 g, 70 ml). etm (2) 2 -h+arl ,Qdiol, )yI 
(1 eq.), aetic rJydr(de (I eq.), 45 x yield). 

ettyl chlcmf~ca (6.2 d, 1.1 sq.1 ml ~ridirr (7.X d, 1.1 q.) m xtArrsd a O’C in dv OQCl2 (Y) d) fcr 1 ha 1o’C for 

rroclrr~.~dxtursuparrsdln~DoDldvrar(a0rl),~rFrarLpcr~ dthOQCl2Ox2Od).‘T)acollMmd 

o~c~ruslausW~~5f~H31~20rl~~d~~~~20rl~drid~~~rddlstillad~100’Cl 

tort), obmllad 12.74 g -. aobrku liguid (100 f yield). 

1.R (filr) : 1735 m-l ; b-t+R ((I1cl3, 80 ntr) : 1.35 (t.30 ; 2.1 (r.W ; 4.2 (q.zH) ; 4.7 (&4H), 5.75 (QW. 

Peumte 42. -- 
To a alutia of 2-zyclohucw1-01 (1.8 R. 20 al) rd 2,4+ -1 chlori6r (2.52 R. 22 cl) in dry -tt*lme 

~dQ(20~)u~dropdr~ridins(1.8~,22ol).Rad~ca~UrrsdforlhnO’C.rllowdto~\Oto~ 

tcqetaturx for3hexi chaprsrWvith~r(lSrl).‘IhcquarLprraQcrrtadrdmrrcsd with WJylale chkXi&? 

(20~).Rrcabfrado~c~urplaheddth5XqrrarsHCI,ctau(thuur(pH7).~ddrisdovcr~mr~. 

‘IhcxDlWW~tiUx&M ~.rd~~hrurdrm~~hmr/e~1~~rc:9/1~4-0.5ro 

yield 5-Y) R (83 I) of tmmmtc 3 m colorlem oil. 

IA : 1735, 15)o d. 1ttNs (azl3, 80 M) : 1.6-2.7 (m,4H) ; 5.8&l (@H ; 6.2-6.4 (=,lH) ; 7.1-7.8 (4 3H). orlc. for 

Cl3H1202U2 : C : 57.56 ; H : 4.62 ; Cl : 26.x). M : C : 55.88 ; H : 3.91 ; Cl : X.35. 

~1.4in)lclrrptro 4.5.7+cme+l+httwlnXccuu * 

To * stirrsd olutlul of (1.4-dlorrpiro 4.5.7Tkne-8 qlrechml (3.43 g, 20 01). (pm uAl& t&&Xkm of 

~tlyl(l,Ldl~ro 4.5.7-ScuwM~tt) atic *ride (2.1 rl. 1.1 q-1 in dry @Cl2 (20 rl) Y dM at O’C 

~ri~lr(1.77rl,l;lq.).Tlrd~ua~rlladtourr~0~~trrd~~rgrlbovcforCPbDRl~#(80L~eld 

after chme~. l ttg aostacr/kXme : l/l, Rf - 0.G) oi 1). 

I.R. (film) : 1735 m-l. ‘H-W (rXl3. 80 tftz) : 1.62-2.42 (=,fiM) ; 2.1 (x,90 ; 4 (r&H) ; 4.55 (x,M) ; 5.75 (b1H). 

AcetAte Y). 

To . ~lut.kn of (-Id -1 (4 g, 26.3 01) ml IMP (0.4 g, 2.6 -1) in dry -2 (60 rl) Y ddad @O (6 d, 40 -1) 

dropdrdthrlrri~foradn.xtO’C.‘Iladraasu~toMrp~orar~Lor4hrd~(la)rl)us 

~.Rrd~u~dthlOI~RJ(2xX)rl).ttrnuWdch~ uzl ~lurian 03 rl). Tlr aplic 

lycr~drladcwr~mrr(Ba4axl ancmtrxtui in vmm. Ih M&K - *mg@~I (larale*l rctatd : 7/3) to 

afford 5 g (98 X yield) of W, m a coklaa llguid. 
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Kttwl Z(khlao buYlidrr)dm +meu=te _u 

74 X *Jd, oil, 1.L (fiW : 17K) a-1. 4ma (cocl3, 80 a) : 1.3 (t, 3I ; 2.7 (d.M) ; 44.4 (q, M ml t,lH) ; 5.34 
(m,m) ; 6.1-5.6 (=,lH) ; 6.8 (d,2H) ; 7.6 (dP?M) ; 8.1 (OH). 
&tw2(DJ#nwl mtkfla)rlm +-pntsprta g. 

80 I yield, oil, (hmmm/ct!g a4ztAf.e : 4/l, Q : 0.4). IA (fiW : 1736, 162D a-l. h+M (Cm3, 80 Mb) : 2.665 (ma) 
3.75 (,,m) ; 4.2 (t,lH) ; 4.~.3 (m,2~) ; s.s-6.0 (m,lH ; 7.2-7.8 (m,l’%). W. for ClPrlW2 : C : 77.8 ; H : 6.6 ; N : 4.8 

Poud : C : 76.S ; H : 6.75 ; N : 4.46. 

2@llbTfl Icehrrlaa)rlrp -4-14 mtrLl.a g. 
65 X m, oil, IA. (fild : tzW, MO, 1620 a-l- 

1~ (m3, 80 nt) : 1.6 (m,x) ; 2.7 (I@) ; 4.45 (t,lH) ; 5.0 (=,m) ; 7J35-8 (=.1a). 

Et!wl2(4Thlo~lidar)mim -2mtJwl~mts 2. 

9s x yield, oil, IA (fiL) : 1735, 16Lo a-‘. li+-M (aU3. eOW) : 1.1 (t,lr) ; 1.42 (s,3H) ; 1.5 (~$0 ; 2.65 (d,M) ; 
3.72 (q,aO ; 4J3 (m,2H) ; 7.4 (d.2MM) ; 8.37 (s,lH). 

LtJryl wnpklyl mtfwlmE)_2(2’rrclops*rlkJYcimt4 fl. 

80 X *eJd, oil, 1.R (film) : 17x) a -1. 1~ (m3, So?&) : 2.31.9 (m&l) ;3.0 (m,lH) ;3.75 (s,n) ~4.25 (d,lH) ; 5.76.1 

(@Ha0 ; 7.1-78 (m,lcm. 

kttwl2(Mdmyl _kr) dn, -htJvhrdlmupu 7 rrd wtJw12+nbbw1 -Jam- +-bmxua B 

3 : 66 m ot i~am 7s I field. oil, IA. (flld : 174% 1665 a-1. 1 IH?R(~JZ.IJ,~~~) g:J.Od l.l(d,3%Jl7*) 
; 3a (.,lH) ; 3.73 (s,fl) ; 4~ (d,lH, 317 M) ; s-s.2 (=,a) ; S.M.0’ (m,JH) ; 7.13 (1%=). g : 1.65 (de& MA k) ; 

2.15 (m,m) ; 3.75 (m,1() ; 4.2 (dd,lH, M.4 Hz, M k) ; 5.5 (m.2H) ; 7.1% (=,l’.W.bJc.fa QI.W~ C : 76.2 ; H : 68 ; N : 

4.5 ; M : C : 77.72 ; H : 6.66 ; N : 3.91. 

2(DJdarvl etMem)&no -~ttwl~~tamitrlt p ml 2- (didan rt&lme)rLRD d-crlla _a. 
tkm~~at- d f-m 7s x gicld, oil, IA (fiW : ZZfa Cd, 16b, 1630 as1 

1~ (m3, 80 a) 29 : 1.1 d 1.2 (d,N, J-7 M) ; 2.7s (m,lR) ; 4.2 (m,1H) ; S.O%.~ km) ; 7.15+ (blm) ; r, : le7’0 
(dq) ; 2.6 (.a) ; 4.27.,1H) ; 5.0+6 (m,ZH) ; 7.11) (m+loH). Mc. for Clt#l@2 : C : 82.4, H : 6.9, N : lo.2 ; J~EMJ : c : 

82.95 ; H : 6.72 ; N : 9.76. 

Kt~12(4ThJorobs41~)~2,~1~~ 2 mJathY12(h_hlaobarrr1*)*~tm~ z 

60 : 40 urn of 1-m 65 z a~, I.R. (film) : 17x), 16Ul a-l. 1~ (m, eOkfb) : 2 : 1.3 (t,m) i 1.42-J-75 (m&H) 

; 3.35-3.9 (my) ; 4.~3 (q,m) ; 4.7-S (~3) ; 5.4-+ (UH) ; 7.43 (d,M) ; 7.8 (da) ; 8.33 (r,lH). z 1.1s (t,%) ; l.W.7 

(rn.30 ; 2.6 (d,M) ; 4.23 (q,zH) ; 5.5 (rn,ZH) ; 7.2-7.9 (M) ; 8.27 (S,lH). 

F&w12 (4+hubayll&m)min~2-mt.W-~l~~ttmae ,r rd EcJwJ 2 (b~NmbmwliQa)~2~1- 

mJe* 

75: 25-d imrr,93Iyield, oil, 1.R (fild: 17X),J6X)d1.’ H-Mt (clcl3, 80 nh) : _w : 1.6 (s,rn) ; 2.87 (d,n) 

; 36 (,,m) ; 6.Q+4 (~,a) ; 7.15-7.35 (m,W) ; 8.3 (s.lH). j$ : 1.87 (s.31) ; 4.35 (ha) ; WYZ-fs.3 (=JH) ; 6-.9 
(m,lH) ; 7.1+7- (m,W) ; 8.3 (r,lH). 

(4 Ebbth~l+rawar2+iphsal mtblmm)dm 4e II. 

70 2 field, oil, 1.R (fild : 17x), 1610 a-l 
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1.~. (fib) : lm, l6u a-1. km an), bo m) : 1.10 (t,W ; 1.42 (#,a) ; 2.75 (d,BO ; 3.72 (q,iN ;‘5=.= (0) ; 

5.7M.m (*Ill) ; 7.20-7.85 (wlao. 

I.R (fjh) : 174s. 16’55 cr-‘ ; ‘II-M (ac13, 80 t9k) : l rd 1.1 (d&J-7 W i 3 (m,lH) ; 3.75 (x.3R) ; 4.0s (d,lHm) ; 

4.9S-5.2 (QH) ; 5.M.2 (m,lH) ; 7.lf) (m,l(H). 

c) III. mul M. 0.40 d of 2.5 nn-fu~ (1.0 -1) w ddd dmpdr ED l mlutita of W W+fia~~I-.m (0.14 d, l-0 

ol)~ndr~‘IW(~d)uO’C.AfccrMg~rrdntO’CfaX)d~,ttrc~onurmldto~C~~Sddff~~ 
(253 g, 1 ol), dirolvd In dry I!@’ (I ml), Y d6d dxcplm. &U r) da = * fm -laU fmtfa. x 0~~ of 

M&lk?Xylldararetm ) paluiu (0) (II q. 3 131 I), dpps (24 u. 6 -1 2) d 2,3+fchlomgmglr (122 q, 1.1 Nkl) in 

~mr~(l~)udbaftoctr~~.AftrrrUrri~ffor2h~~*C.chacticn~~~~~~ 

~td~~~lutian(2al)~d~(Mrl)uddd.‘Ilr~c~ru~, rrMldthuturxa MTlautial 

(2 x 3 d) rd ttan ddd owr e &S&. Qxumtrxticn w&r rahrod pmDNmgm8~cnliepmckt,rMcJlupPifidb/ 
f M drmre (hxam/~l wtx : 9/l, Rf : 0.3) co yield 262 q (&I I yield) of I, m A 4du tid (4 a%zO’C). 
nt!wl2(Mdanl rctrrLr)dlp b+ilDro 47 Ds _R. 
IA (film) : XXO, 2960, lrx), MD, lW, l28I, IaX, a- 1. hHW. (UxX3, El l9k) : 3.0 (dJR2A) ; 3.75 (r,P() ; 4.Y) (t,lH) ; 
5.25 (d,2H) ; 7.m.O (m,laO. MC. for Q~@#Cl : C : 8.62 ; H : S.49. Rxpd : C : 0.59 ; H : 5.41. 

Uhf1 2(OIdayl rt.MlamMm 2-l 5-rkul bm 3. (km&~1 mtx : 9.WI.5, Rf : 0.5) w oil, 8B X 

yield. 

1.R (film) : 3100.2900.19Y). 1870.17x). 16x), MS a-l. l ii-mt (an3, 60 IM) : 1.05 (t,rt) ; 1.4s (qfl) ; 2.85 (d.2H) ; 

3.Rl (q.2H) ; 6.3Ma.65 (m.2H) ; 7-7.85 (m, 15H). 

be1 WBphsnl -ctrrlmeM-2-1 alydnua 2. (dxmrr of dhtmmoirrrm) kwhwl : -tate 911, & : 

0.6) cOlOUrk# Oi 1 fi 2 yield. 

I.R. (fiW : 17u d. ‘H-w (azl3,eO rn) : 1.2-2.2 (m&W ; 2.8-3.2 (m,lH) ; 3.75 (r,H) ;3.9 (d.lH, sol lawr) ; 4.1 
(d,lH, otlmr i-r) ; S.3-5.7 (@H) ; 7.2-7.8 (=,lIX). blc. fat w : C : 79.28 ; H : 6.91. lbrad : C : 78.& ; I : 6.7s. 

kbhrtrpi 2(mphml ~tt~larr)drp-3(1.bdiarpir0 4.5.7drrr&ri) wm g. (lirm/*l : mtau 9.5KJ.5, at : 

0.25) 20 f yield. 

1I+Ne (aCl3, &I*) : 1.5-2.1 (m&l) ; 2.7 (d,a() ; 3.75 (@I) ; 3.95 (b,bH) ; 4.2 (t,lR) ; 5.4 (m,2H) ; 7.f7.9 (m,l’sW). 

n~l2(4-chlorpbsrrrudae) dn, 3(4atJwRy 1 .bTM&x&l41) ~cxM?a 9. Yellar oi 1.85 x yield, (Qua. 

lIHlll (mtm dg, @I Nk) : 2.55 (m,M) ; 3.x) (m,lH) ; 3.32 (r,Po ;3.62 (r.3H) ; 4.42 (m.lH) ; 5.32 (m,lH) ; 7.42 (d,a(, J=6 

k) ; 7.80 (d,M, J-6 b) ; 8.35 (r.l H). 

.A nttr1 Wrnpmpl whYkrF22tmvnl ElyciMta 2. Ut P I (etJvyl.uataac/hm : l/9 u, : 0.3). +?-M (anj, 250 

Wz) : 1.2-1.4 (m.6 rd H’5) ; 1.6-1.95 (B,&) ; 1.6>1.70 (2d,RW ik) ; 1.75 (a,%) ; 1.F2.4 (m& mwl H’3) ; 2.85 (m, 

b.JIM6op.7 HZ) ; 3.75-3.8 (2r,3H) ; 4.32+35 (2d.lH.h2.9 lk) ; 4.7 (QH) ; S.55 (m,lH) ; 7-7.8 (m,lCW. 

tm IWwl rYmduw1 mrtkle)-2tnwsyl xlycinu s lldt 39 2 (ethyl ~~ : 119, Rf : 0.4). lH+a (aa3.m 

Mt) : 1.2-1.4 (s,2@ rd H’s) ; 1.6-1.9 (m&) ; 1.6-1.10 (2x.x) ; 1.75 (r.3H) ;1.+2.2fl (m,H) rrd H’j) ; 2.85 

(m&,-.9 R) ; 3.75-3.8 (21,3H) ; 4.3 (m,lH) ; 4.5#.7 (mpl) ; 5.55 (m,lH) ; 7-7.8 (m.lW). 

tirx, ,,K%WkUW fOt SvltiOrktiU dVhtiCn Of Sddff &A 4th -U-m. 
In a typiul M. 0.36 d of 2.5 kl n-MA (0.9 -1) Y dbad dqwlr CO a olutkn af hxs~t&ldidktra (0.19 d, 0.9 ti) 

lndry~(Irl)xt~CAfrcrbcirrg~irrad~O’CforX)dn.. tImaolutfcmur~w todO*crd tkwdff bnm~(253~,1 
~l).dial~lndy~(lrl),~dQd~r.krorrgs~luU~~rd.Abart~dn.u~~a~kts 

fcmntial. . duciml of W(Nh (7 4[. 3 131 I), (*M,3+laopcq+~,~~~1,4 td.Nl~l ptwldno)bara 

(*Hmop (29.9 e, 6 ~1 2) rrd al1ylace~t.e g (110 I, 1.1 ml), pirprd at - raqerrture uxier -. in &r#raw’w (1 

rl),ruddrlro~~dxomrnbsrPgn.Afrcrrrlrd~fa3h~~’C,ttr~ricn~ueJlrdrddch 
~tdHlqQm~l~(ZJ)rd~loradtowro~cltcqa~.~r(aDrl)uddd.th~~~, 
rd~~~uarrrctadvitheehcr(2xSrl).‘lh~cLymw~~!lrd,~vich~~d~ol\lc~ao 

(2 x 3 ml), drid ~\ltr m9rydn~ I@%& Qmzmtratim urkr - pmmm~~uukpru&ctvMchup.nifld~flvh 

duatcgr4hf (kmt/tt!yl -tab? Q/1. Rf : 0.5) Lo yhld ax, - (6J3 2 yhld) of I_r ” . colorti ail. lb fuuuul d 

auyht4d pew&t Y (a Gs’ - +78.3’ (c - 0.89 in dmoforr). Allylie allylath w th R imr with 68 X opciul 

yi*ld. ti qtlul y-leldx obtairad m detmdnd by Hw dth (R) 3,ninft~lbrraqlgl~lm - ddrxl UALlumy 

mbO ml - alama : hsmRlp : %.5/1.5 (ettwx dtin ? 2 2 for ultlb alml~ticm b/ in-oar D 2UO). 
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~o~~~cnof~ddffbr~(328~,1c1)1n~(10rl)rudQd10X~~(5J,6~1)d~~~~~~~~ 

forlhrrar ~.Th~~cu~radrrdgltrrCldV1~ZI~(2XlO~)~~~~O~C~ 

~enmcu&d.Ih4llmmIr)aumIt~aaddtha~dpeuricr cmtneerdachr(l5ml)umklairdemrdrrdfor 

X)a.Rr~lrgsrudrntadrrdQnrrtaddrhcthi(Zr.lOrl)ctrcddlad~c~~ddd~~ 

~~~ln#apmdfadlp~(~xX~d_Ymaoil). 

1.~. (fib) : Woo, 2980, 17%. 1630, 1440, 11% a-1. ‘M (aCl3, 80 NW : 1.10 (b,M) ; 2.75 (m,ZfO ; 3&l (0.m) g3.85 
(m,lH) ; 5.35 (d.2H). 

(E) f+tJwl2~~+umata B 

IA (fild : 3x& 1730.1610 0 -1. 1~ (ar~l3, 60 WZ) I 2.0 (8.11) ; 2.5 (~2%) ; 3.5 (t,lH) ;3.75 (4M) ; 4.5 (=,M) ; 
5.6 (0). 

lwJ@ 2(2’_rrcldaml) &d~ m. (tima of dirtetuai- )oll,56xyad. 

1.R (film) : 3340, 3.7B,2920,1740.15W a-l. 1 m (Uclj, 200 MX) ; 1.52 (m, M) ; 2.5-2.6 (m,lN) ; 3.3 (d,lH, am i-) 

; 3.5 (d,1& orhr 1arer) ; 3.7 (m,m) ; 5.63.5 (m,1H) ; 5.8-5.9 (m,lR). Calc. for O#Q$QN : C : 63.91 ; H : 8.87 ; N : MC%. 
lhmd:C:63.9l;H:8.~;N:8.15. 

Iht)nl 2(2’_Rclopencml) JydWta * 011, 57 I yield. 

I.E. (fild : uy3,3xO, 17x). ITaO Q -1. lt+Wt(c~~~3, EO!fk) : 1.F2.5 (m&i) ; 2.5 (r.lN) ; 3.75 (r.Si) ; 4.15-4.25 b,lH) ; 
5.6 (QN) ; 5.8 (m,lH). MC. for 0@1pZn : C : 61.S ; H : 8.39 ; N : 9.03. Rxnl : C : 61.05 ; H : 8.35 ; N : 8.87. 

tkti B : ~l2dlw2rcthJl~l~pltmte a 

TO. olucim of tiff ba c (397 g, 1~1) in l ctrr (10 ml) Y ti 15 2 dtrlc add (4 J) dmplr 6th dl~+w for 2 h 

~rrm~oJrs.~~~uQcrrrsdrrdarrrcsddti~r(2rlOrl)rrdth~~dc~~ 

rawm%T!mqllDulaprammutml1Ldyichmolid~u csbantardc~(l5rl)uddadr*lrta~1rradforx) 

dn.Rr~clrgsruQcmadrd~amadulchectrr(2~15~).RrarMrad~c~wlaQi~~~~ 

~rrd~~ln-u,~fadl62~(20Iyistd)of~ar~1. 

1.L (film) : 33i0, 2980, 1750, lfa a- 1. ~IHM (m3, 8 nk) : 1.x) (t,m) ; 1.40 (0.x) ; 1.50 (b,m) ; 2.27-2.90 (00 

;6.20 (q,M) ; 5.pM.m (m,ZH) ; 7.35 (b,5fi). 
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