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5 '-_:',1 Introducuon

A) Some. RecentMcthods forAmmo Acdeynthcsxs rresebisi e
B) N:trogen-Subsntuted B—Lactoncs as Poss1b1c Prccursom e
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’ Rcact:on of N-Bcnzyl-N-Benzyloxycarbonyl wAmmo Sermc ﬁ-Lactonc‘?,‘ S
G _}‘;]64 wnh NonoCarbon Nu@leophﬂes RSP

Rcactlon of N BCMy1~N-Bcnzyloxycarbonyl a—q o Scnnc B-Lactoncd":' e ,
L '-64 ‘”“h 01‘ Sanocuprates .............. )

‘ .Gas Chromatographlc Rctcnnon Tuncs of 2 Isomcrs of Camphananude Mcthyl
Estcrs ofa-Ammobutync Acxd. e :

: 4 | .'E'Gas Chromatograph:c Rctcnnon T:’incs of 2”Isomcrs of Camphanamxd'c y cth 1

4_'_:.5Estcrs of Phcnylalanme
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3 i G‘F SR
e *.xandﬁaﬁmnaccuncals’ 12 Thus 4

o .-,:"“._‘: j;.method__;lp must be casﬂy pCrformed to gwc hxgh ehermeal and opuea] 'yxelds th
a ';,1'-3'}"f_pmd1ctablc stcrcochcrmstry Ifa chxral au i

| ‘7.-""_'.’»"'.‘,.ﬁone of thcse cntena Thls thcsxs prcsents thc rcsults of a ncw mcthod‘for thc

. '_asymmctnc synthcsxs of ammo apxds usmg thc rcgdspecxﬁc rmg opcmng of a-anuno-

- and be madxly avaﬂable m both cnannomcnc forms Most mcthods fall shon ,in at leatst

bic""y““‘°‘iE‘f°“t°S 1o them have been thc su!bjs;m -

v -“..f,,_}bf mtcnsc ef"fort.ax'28 Stnct mqulremcnts govem thl g’cncral apphcabllity of ' anyﬁmc  _, L

1s used n should bc casﬂy rccovcrable

K

VRS

3 .,.ﬁ.lactoncs prepared from thc readily avmlablc ammo acnd sennc So?e of the mOfC

- "rcccnt mcthods whxch arc revxcwed bclow rcly on s1g} .‘ 'tropxc rcarrangcments modcl

T

cnzymcs radxcal couphngs or stcrpospecxﬁc hydrogcnanons an% glkylanons
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s

UUNes . -
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M _:; :":"84% cnantmmenc ekcess (e e). 134, e

S ""r_”,'@jdependent anunotransfcrase models that can generate soms ammo acxds in> 95% e.: 14

b .-._,' '-fcycloamylosc whreh promotes‘substrate bmdmg has been coupled wrth pyndoxamme :

; ;'f’,""-'.'e.[.rn tht‘! same laboratones Tabusl'ﬁs group has regxospecrfr&lly mtroduced mto

o . ,":;rearrangemcn.t to afford aftcr o;onolysrs of the double b‘ond and oxrdanon of the

IR : ‘resultmg aldchyde, N-pr’otectqd optrcally actlve a-armno acrds m good yreld w1th 78 ,

.

, ’cyclodextrm funcnonal groups capablc of pcr(ormmg proton transfers The:-'*

whlch convert kcto acrds mto ammo amds

2 ) 'I’he rcsearch groups of Br;:slow and Tabush1 have devcloped vrtamm B(,.,

-,'Flexnble sxde chams carryrng ammo groups w}nch _promote stcreospccxﬁc proton_:;

- ;‘_transfers have becn atrached by Breslow and worke:s L pyndoxanune Cyclodexl:rm af :

he e orts of thcse two research groups has provxded enzyme mmucs

R”~COOH HzN COOHW

R

A.. v .-'

3 ) Baldwm and coworkers have used a radxcal adqun reactxon to prepare an

o a arnmo ac:d 15 Protected 3- 1odo-L-alamne (l) was reactéd w1th tnbut;yltm hydnde % -
{he prescncc of azobxsasobutyromtnle (AIBN) to gcneratc thc opncally aCUVe alanyli T _
, ’°rad1ca1 2 Wthh coupled wnth acrylrc acrd to produce protected optically pure oc-' 3 o

ammoadxpxc acrd 3 However only a 30% yleld of pure product was obtamed. R i



L 7,'.' AIBN NC(CH:.);CN NC(cHSth
. anCHzph S . ’

4 ) Rapoport has rcportcd a gcncral synthesls of the rc]anvely rare D a axmno

. amds fmm L—serme uuhzmg as the key stcp thc ammoacylaUOn of organohtl‘uum 0r

OH- Eﬁﬁ"HOnﬂ

.NH802Ph - NHSOzph

'NHSO,Ph .-, .'$ ' NHSO,Ph

.,l‘ooprotoctl TR .\,

| HOOC \(\R

N o NHz

5

B mtcgntx?the propcr Noprotecnng group is uscd Lmlcor no formauon of thc tcmary A

alcohol occurs Rcductmn of thc kctonc to a mcthylcnc group followcd by oxndatwn of




o

_ | the pnmary alcohol to the acid, and deprotectxon of the ammo group secures the D 0t~ - R
muno acrds mgood yxeld mth>7c.e el e " . 2

a‘\

5 ) Under the cata)ys:s o{ihodlum comp]exes contammg ch1ra1 phosphme.-_ L .

. hgands the asymmetnc hydrogenatron of some Z-a-acylarmnoacryhc ac:d denvatwes 4 R

B has been achtevedmopncal ytelds approachmg IOO% e & 16 Thls approach is equallyj_-‘ R o

S phosphorous hgands or due to the pr_ Aenqe of~axlally dtSSYmmemc b1Sphosphme..‘-: e

~_TNHCOR" * T2 T R

The mam problem w1th thts ,so@e is m the preparatlon of the unsaturated :
'- 'Aprecursor When R :s aromatlc the synthesxs of the enarmde from the COrrespondmg" e

o . g
S a]dehyde (RCHO) is usually quxte efhcrent but when it 1s ahphatrc the condensatlon‘

’ le]dS are low 16 e

Mechamstlc studtes on, these hydrogenattons have revealed that the,.,‘”

‘ h-,__.<°:°°“-:-».. LU ncnchncoon'

o satrsfactory regardless of whether the chtrahty 1s at thc coordmanng phosphOrous atom Lo

o at a substxtuent on the—phosphorous at a centre on a chtral backbone hnkmg twoi‘."_;f_f{ o

. % S

'”stereochemtcal outcomc results from reductton of the catalyst substrate adduct.ﬁ

' correspondmg to the less favoured bmdmg mode 31,32 Presumabl/y thts is due to 1ts;.; '
SRR greaterreactwnty 31,32 L | o . o

6. ) Alkylatmns of chlral heterocychc nngs have been used to generate optncally':' |

) lactxm ethers 5 (denved from 2 S-dtketoptperazmes 6) from the less hmdered s:de of
- .}the chpl nng (> 95% dlastcrcomenc excess (d c. )) Hydrolysrs at the muno ether

o active. armno acxds 10 117 EIectrophtles react stereospecrﬁcally wrth enolates of bis-
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S el e R

e

T , ‘ e % L :
group thcn aﬂ‘ords the optlcally actwc a-armno ac1d mcthyl cstcrs and rcgencratcs thc

chua] auxlhary

5i

CH;‘OOC.\/NH2 _» _>

_"' m "

R
; ‘:V»"»v“l(c!'.‘:)sblf?.aﬁ‘ i _ |

9]
=
)
o - Sl | e

| Th1$ mcthod allows the symhcs,\s of D or L amino acxds from thc appropnatc anupodc S

o of thc chlral aux111ary Thc clcct:rophllcs whxch havc bccn uuhzcd are alkyl hahdcs,

_aldehydcs kctones thlokctoncs and more reccntly a, B unsaturatcd kctoncs and"."

_. cstcrs 112,17, 18 This route allows hydrogcnauon scnsmvc moxchcs to bc prescnt and

gwcs vcry prcdlctablc rcsults for a wxdc rangc of opucxlly actlvc ammo acxds in

contrast to thc cnanuosclectwc hydrogenanon of N acyldchydroammo acxds Thc lattcr PR

pathway carmot havc funcnona] gronps prcscnt Wthh are. scnsntxvc to hydrogcnanon .

H,N” ScoocHy . L/



and suffcrs from thc necessx,ty of conductmg preli

- smtablc catalysts and rcductlon condmons f - - f‘ BT S e
I ‘ N MY

: 7 ) Rcccnt n:sults usmg oxazmcs and oxazohdmonos as Chll'al auxxhanes
provxdc a-ammo acxds m hxgh y1clds and good optxcal punty Evans and coworkers

| '. - havc alkylatcd thc cnolatc of a chual N-protecwd oxazmonc 7 Wthh aftcr dcprotcctlo "

affords thc ammo ac:ld cstcrs 8 w1th ,>_ 99% e.c. 19 O AR

4 m .
{“"{,Qi?ﬁi_¥

: O ) 2)E’"';H“;" "~ ',f@j..,__ ch'thl C()zEt
N L [

In our laboratoncs chu'a] cnolatcs of N-acyl oxazohdmones 9 have b\nﬁca\tcd wnh
dlalkyl azodlcarboxylatcs to gwe ammatcd denvatwes 10 Thcsc can be deprotcctcd .’ L

" with hthlum bcnzyl alkox:dc or lxthlum hydrosulﬁde followed by

 Room 1
~ NHCOOR' .

=An*§"f‘}'o-f : ,_-{f ;'pheﬁ,¢L|”~
e 1) LiSH

]: . ;:_;,' I '__: 1‘ 2;‘600” S T
’.u .‘_;_oo‘; i"f,3 '“; | () . a ' "_ &ﬂl‘_  - v_}:

" Hydrogenation . a A LR -+ :

HO ¥ <-—!—r3°—"m—°'3- XO'J\_/ ‘_x'-'u-;,l?h‘ !

0 NHY 11 YeNHW NCOOR" ‘ |

- ‘12 Y:H o R -_

e T NHCOOR"




- hydrogenanon:to afford a-

o 2 90% c c 20

hydrazmc/ acxds -ll ‘Or a-umno acxds 12 m good yxelds thh

: "Ji:-‘isfusmg elcctrophlhc glycmatcs For cxamplc, Q—crythro a,B dnphcnyl B S

i "_il:j’hydroxy cthylammc (13) havc bcen COnvcrted to chn‘al oxazmoncs whxch have;-'t.j.f

A

- 8 ) Exlstmg cnolatc-based methodologxcs axe complemcnted by new approachcs,, " ‘.»' | o

o -_'condcnsed thh s1ly1 enol cthcrs or organomctalhc rcagcnts to g1vc a-ammo ac:ds fn: SRR

.. l.ylelds rangmg fnom 28 71% thh 9T 100% €. c 21 Thc ylclds are bcttcr u51 ng the‘? ' v- }

| - i}sllyl cnol ethcrs than the organomctalhc rcagcms

o uwls Acid, —<n |
o Rycuw
- MeZnCl o

| /k - X _;Ph";‘ '
HN” "COOH O

A cauomc glycme cqulvalcnt 1mm1um acctatc 14 has bccn attacked w1th

| organocupratcs 33 Fmr to good yxclds (46 71%) of DL a-ammo ume produccd

)

-

.v‘, :



Ph 2C N CHCO 2Et 1) RzC"CNUz’
e :\-OAc’* L 2) Hyd"’""’ : , PRI

9) Organocupratcs havc bccn uscd to affcct SN2 typc dlsplaccmcnts ‘on R

protcctcd ammo acde substxtutcd wnh a halogcn or tosyl groups in. the B or 'yposmon

chm.l

" Y-Bo'c,""l"s? P ‘
X=l, Br, OTs ; TR I
n-1, 2 LR

thn dxsplaccmcnt occurs at thc y posmon 22 yxelds and opncal punty arc hlghcr than
whcn thc lcavmg group is at thc B posmon because of compctmg clumnauon 23 24 -

10 ) Organocoppcr chcrmstry has also bccn used to prcparc raccrmc DL N- :
acetyl ammo acnd mcthyl estcrs 15 from mcthyl a-acetmmdoacrylatc (16) 3 Conjugate e

‘ ‘;f?cqocns
. NHAO : 2 NH4CI . NHAc

P COOCH3 1) nng cul
e

addmon of Gngnard reagcnts to 16 in thc prcsencc of CuI cataly51s affords fa.lr to good . |
)'Iclds ofa-ammoacxddenvanvcs e o RN "

L *sﬂ., S
IR F



Lactones havmg a four membcred nng are attracnve syntheuc mtcrmednatcsr : |
because nng stram (22 7 kcal/mPle)35 encourages nuclcophlhc attack at, elther the [3 o e

carbon (path a) or carbonyl (path b)

.~COOH -

K

ECA

COH g) e

i) . 8 o
. g » e L S L o

' CONuc,

PR

Hard nucleophlles such as hydroxrde, alkoxlde mOSt organohthxums and ;

Gngnard reagents attack at the carbonyl whereas soft nucleophtles hke hahdes, acctate RN

" throlates, selemdes and organocuprates attadc at the B—methylene carbpn 36‘55 Based on_ o

these results 1t appeared that opncally acuve N-protected a-ammo—B lactones could-if n

prmclp]e be reg:ospectﬁcally nng opened to produce opuca]ly acttve N-protected ammo_' -

acxds Smee the chlral ccntre would not be dxrectly mvolved m thc reacuon optxcally R

pure products should be obtamed The readlly avmlable ammo acnd serme c0uld serve

asa startmg matenal for the requ1red N -protected a—ammo-B lactoncs )

Sl

oH[ ﬂ

COOH

I.-SQtho "

C

.Jf/ |

Nuc

CDOH

Nuc

’

' :/.OH{ A

T

: ,Cyellzat'lenv :

o

" PN
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The ﬁxst report of nng opemng of a B lactone w1th an organometalhc reagentﬂ ‘ ; B

: '_ was by Gresham et aI 36 They found phenylmagnestum bronude attacks B
proprolactone at the acyl carbon whereas benzylmagnesmm chlonde attacks at the B i
S methylene carbon *Polymenzatlon and attack of halxde 0 gwe B-haloacxds were snde .
. ;‘reactrons whtch were much more prevalent when the halxde was bromlde

i v;}Subsequently, Stuckwrsch and Baxley37 reported that benzyllrthlum drphcnylzmc

"- allylmagnesrum brom.lde and organocadnuum compounds attack B-proptolactone at o

- _the [3~carbon ln the casc of the organocadnuums, thermal stabthty and stenc bulk were_v:‘ o

B ‘the hrmtmg factors in producmg good yxelds of nng-opened products In contrast -
L '_,::-'.*.phenylllthrum and o-amsylhthrum attack ‘at the acyl carbon of ﬁ-proplolactone to gwc |
_ketones and/oralcohols v ' '» Siale Rt

o Normant and. coworkcrs38 have employcd Cll(l) catalysns Of Gngnard reagent =._

- - ':_addttxon to obtam regtospecrﬁc openmg of such lactones at the B—carbon to form long“'.a;' R

’cham carboxyhc actds

c y The ytelds wrth vmyl and allyhc SYStems are unproved wben storchlomemc,. .
organocuprates are employed Dunng the course of thetr work %t ,was also noted that ."

jmxxed heterocuprates transfer a substantlal amount of the heteroamon Tlus problem i

sy was overcome by uStng mtxed alkynyl cupra’ Fupsawa and coworkers have» "

: 1ndependently observed rmg opemng of B—lacton"s wrth Gngnard reagents wrth Cu(l){ o L

,‘icatalysw39 and have. extended the results to classrcal G:lman reagents and
= ‘halomagnesmm cuprates 40 The halomagnesrum cuprates gtve only slightly better
o ‘ ,_ytelds w1th the excepuon of the phenyl cuprate where yxelds are dramattcally mcreased



| Intcrestmgly ’ B ethynyl 1757 59 and mel B lactoncs 18 56, 58, 60 &2 provxdc allcmc 19"\, R

_5!. L X

K from 20% to 80% Not surpnsmg]y, substmmon of thc B lactone dccreascs the ynclds,_'_ .' v

: 1prcsumably duc to mcrcased steric hmdrance 39 40, Thxs rescarch group explontcd the)-.-, i-
n:glospecmcxty of organocupratc attack to synthcsxze vanous naturally occumng,‘f} SIIE
.‘};f:°°mP°““dS lﬂCIUdmg Pcrfumc constltuents,"‘l 42 vanous tchCncs 43 -45 mscct: SR

s 'pheromom:s,“6 47,56 and anubloncs 51,58

" and 3-alkenonc acnds 20 via SN2 nng clcavage R Sl e

J—

1 *+ RMgX Sub_

: Condcnsanon of thc hthmm cnolatc of acctonc wnh ﬁ-vmyl B-propxolactone 18 gavc L )

thxum cnolatcs could be expectcd to attack B lactoncs at thc carbonyl. T



o tho corrcSPOndmg N N~dxmcthylhydrazonc 21 enolates produced thc dcsued 7-ox0°if_ IR

12

nclthcr SNZ attack at the B-carbon nor SN2' at thc tcrmiml vmyl carbon 60 Thc copper'.":, \:‘ K g
cnolatc only gaVc 21% of tha dtsn'ed aclds Howcver, the coppcr-catalyud reacuon of,f,f._‘;.-'f" o

N (E) 3: alkcnoxc acxds 22 in good rcgto and cnanuosclécuVe ;m:lds wa thc SN2' attack atff_ ‘ L

f’the tcnmnal vmyl carbon 60

o 1)0u(l) i (AL

‘ ‘"_"I'hcse rcsults mdxcated that B lactonc cleavagc wnh new carbon—carbon bond formauon
‘ f_;.'_{ was p03s1blc » - E R s - : - o ”
Prcvxous synthcses of N protcctcd a—ammo-B lactoncs havc rchcd clther on’

| carboxy 81'°“P acnvanon Of B-hydroxy ammo aCId dcnvanvcs or on generanon of a S

lcang group at the B"' : mon m such compounds In an anempttOprcpare L} LIRS

ey

cu,so,cupyrldlno L TN—0

"l-',"'NHOBn K,co,lacotono » : b

~+ .p-lactam -

. Ar-o-uo,Phs CT R L
Bn-CHzPh

N’-(o-nm‘ophcnylsulfcnyl) threonmc B—lactam Gondon et al 63 produccd thc B—lactone

dusopropylcarbodmmdc to cychzc N-tntyl—L-sennc (24) to thc cormspondmg B-_,_f,‘ o



S e

of the dcsxrcd compound 1_"'" ;"_.'-'. S } f‘f;;" . f L

Q0

Usmg the same typc of rcacnon Parkcr et a167 obtamcd a 0 8% yncld of N acctyl

threomnc B lactone 26 Thcy 1solated t}ns compound from Bac1llus spcclcs SC"‘

' 11 480 An annmxcrobnal evaluatxon of raccmxc 26 showcd 1t has vcry weak

S antumcrobxal actmty 68 An altcrnauvc approach mvolvmg gcncrzmon of thc tosylatc ar

the B—posmon followed by cychgauon of the B Iactonc w1th Humgs basc gavc onM

Intramolccular dlsplaccmcm of mtrogcn from thc dxazonfum salt of 2-arylsulfonyl 3-1

e ammoproplomc aclds 27 affords up. to 62% yxclds of 1hc B—lactones 2859 70 but thxs

reacnon is lumtcd to N-ary\):lfonyl dcnvanvcs whlch are morc dlfﬁcult to. dcprotcct

TCOOH - ArsO,NH” o
".'5-?:27: 1 S b e e LT




S

: of B-lactones thh organocupra :‘ provxdcd by thc rcscanch groups of Fujlsawa and ‘_ o

V"f’e""

L 'v g our laboratory 1t was found tha/t thc Mxtsunobu rcacuon can afford lugh cyclxzanon‘_'{'

RE Usmg thns mcthodology B subsntutcd alamnes wcrc producod by attack wnh hahde orv; L

$ 5'3 hctcroatom bascd nucjcophﬂcs Thxs mcthod may also prove useful m the symhcsls of e

-‘-r"-bxologxcal acnvxty o, 68 75- 81 For cxamplc, ébaﬂ‘ :nn 1s an anllbIOIlC 1solated fro.m.

- Obafluosin. =+ |

NP
o

. In addmon, a ammo B lactoncs havc bccn uscd to producc polymcrs 59 ,
Certam B—lactonc dcnvcd polymers arc known to bc suxtablc for producmg polymcrs
B whxch are suxtablc for ﬁbcts and thermoplasncs 82 ‘ :

/o

Succcss in forrmng N~protcctcd scnnc B- lactoncs by Mxtsunobu reacnons andag
: ’-?:;m opcnmg thcsc compounds with hctcroatom nuclooplulcs“8 led us to mvcsngatc., . f L

. "opemng with. carbon nuclc . .

BN

‘,.'tsunobu react:on of ﬁ-hydroxy carboxyhc aclds can producc B lactoncs

! scnnc ﬂ-lactonc m 1 4% ylcld. Reccntly mf" .

.,‘.:"and/or mcs dependmg_ on rcacuon condmons 7“ 73 Undcr standard Mltsunobu - |
- conditions™ {tiphenylphashine, diedhy! saodicarboxflat and 2n (THI
R _i': ; 5.4fParker er al 67 prcparcd N-phcnyla"‘

yxclds of N-protccted scrmc dcnvzuycs i thcsc dcnvanvcs are addcd to a prcformedv; s e .
:".'-_fadduct of tnﬁhcnylphosphmc and dxmcthyl' azodxcarboxylatc at low tcmpcraturcs 48'7;-}-";"' SO

n ) 5.lactonc contaxnmg natural products somc of Wthh havc bccn shown to exhxbu_f__p',j_ S

A
. N i‘,-e .‘:.

: :_'Normant suggested thesc soft nuclcOphxlcs would bc su:tablc to aftack N-protectcd,,:fg”i o



I’

QJ ‘PH,.-_.,,A,__J

. _-_'to a*vastanay ofa-ammo acxds = B ' {f

S w ':-lactones at thc ﬁ-carbon Hydrolyms of thc rcsultmg cstcrs w1th concomxtam e

Malonatcs an: also soft carbon nucleop‘nles an as: such should clcave thc B

'decarboxylatlon would glvc y—subsututcd dcnvauvcs of glutamxc acrd 29 Malonates ‘ P

and othcr acnvc methy]cnc compounds have opcncd R "

e R B e T

: ﬁ3jcooH
| 29 RgH

TR . L

R B B lactoncs 49- S 1 For cxample compound 30 a useful perfumc mtcrmcdlatc was

e pnepared from B-propxolactonc (31)and 2-cthoxycarbonylcyélododecanonc (32) in -

T ‘.'coou'
TCHCOGE ~

o ermlarly QL glutarmc acnd (33) has bccn prcpared from B~propnolactonc (31) and thc
4 sodlum salt of dxcthyl aceta:mdp ate (34) m 87% yxcld 84 ‘

'
g BEERRS
R



Another potcntlal routc to sub'sutuwd glutamatcs nches on obscrvhuons of Corcy 'f' .' B
- ‘-fjand Kuwaju'na 85 Cyanohcthylcopper, sunply pmpared by addmg one eqmvalem of n- -
L U-butylllthxum to acct'utnlc followed by an equlvalent of cuprous lodxdc affccts SN2 v .

"typc dxsplaccmcnts of allylxc brormdes Exttnsxon of these results to pnma:y mmlesj }

E 'of the mtu)&33 toa carboxyhc acld

b

COOH | Hydfolysls
1———————

’ﬁ)tcnual to,scrve as pmcursors,m %hc synthws of subsntuted dcnvauvm of thahdormde B

. ' jimay provc uscful in prcpanng(y-subst:tutcd dmvauVes’f glutarmc ac:d 29 by;‘_ S
, »'_;rcglospcclﬁc nng opcmg of N—protectcd a-anpno B—lactones followed by hydrolys,s -

ci’r" e

(36) Thc subsutucnt allows the attachmmt of a pnobc onto thc tcratog@c thahdormdc |

\ "

. R . -«. .

. N o ) . - N B
e K . »

&

LA . -



- moxety so that 1ts path fromthe mother through to the fetus can be momtored Such e

- .functronal groups wh1ch would be attached 0 other recognmon molecules" ortosolid .. )

o Iprobes could mclude photoa{ﬁ-r? ity labels ﬂuorescent moxetxes spm labels, an a

i ".'supports Results from such JXpenmehts WOuld help to elucxdate Wthh cell o

o 'Germany35 and was promoted as betng a vcry safe and effectwe sedattve._. :
- v_'hypnotrc 86, 87 In contrast to many other sedatlves it does: not dccrease muscular -
' -_coordmatton nor- affect blood pressure heart rate pulmonary functron or unnc’f“ ’

\ ‘ "'output37 88 at a dose of 50-200 mg per day orally Numerous su:cxde attempts thh, |

"constrtuents are mvolved in the mamfestauon of thahdormde s dysmorphogcaac effects

C.

Thalldomlde (36)was ﬁrst prepared in- {956 at Chemre Grunenthal in: Wcst"

3

Lo

: doses up to 14 4 g resultcd only in- sleep induction thh no other observable srde'__ :

.‘ - effects 89 The apparent safety of tlus drug coupled w1th rts hrgh therapeutIc mdex led_ '

»



"v»{/" R

e

' 'Z:to xts w1despread use. Early in 1960 lt becarne a commonly prescnbed antremenc for 5 s

o ‘7‘ pregnant women in several countnes but by late 19f1 it was hnked to an mcrease in e

. | the number of‘congemtal btfth defoees-%92

'I‘he range of defects vaned from 1 minor thumb anomaﬁes to the total absence of PR

. ]'lrmbs 03 Although skeletaJ defects were the most common gastromtestmal gemto-’ e

""'.unnary, ocular audrtory, cardtovascular and resprratory defects were observed

Ultlmately aPPrOxtmately lO 000 chlldren were affected. 93 It 1S not surpnsmg thﬁ early o

| -,mortallty rate among these chrldren was 45% 94 The specrﬁc ttme dunng pregnancy e

when the drug is taken 1s crmcal w1th defects appeanng only 1f the drug is 1ngested: : - _ g

B 'from day 34 to 50 smce the last menstrual penod 94 Whtch organ was affected vaned S

R '.-dependmg on. the ttme of mtake of the dmg and correlated well to the sequence of

' ."organogenems Rats and mxce are re]atwely resxstant rabbtts are. sensmve and_} '

o monkeys and humans very sensmve to the teratogemc effects of thahdonude 94 i
| | Structure actwrty relat:onshrps have ytelded some msxght but allow only a few

o of the mulmude of suggested theones to be dxscarded 93-97 An mtact phthahmtde’_

- ‘-moxety was thought to be mdrspensrble but partxa] reductlon to phthahrmdme 37 nges a

" compound which is at -leaSt three times as, teratogenic .as'thalidomide 95,96 This
& mdrcates alterauon of the phthahm:de ring is pernussable wnhout loss of teratogemc
‘ tlvrty The 1so-tl}ahdonude or the B—fonn 38 is nomeratogemc 95 Rep&cement of

- the glutanrmde ring thh a succmumde or phenyl ring reited in a Ighs of actmty 95"‘




N

Ve

e -N hydroxy thahdormde (40) are. also macnve as tcratogcns chlaccmcm of the

B 'Methylanon of the glutammde rmg mtrogcn decrcascs acnvxty N-methoxy (39) and

_ conversron 10 thalldormdc in wvo 95

. o . B

a8 .t T3 x=ocHy,
SR o R : R :‘40_’XsOH.V

'n‘

: ‘;g]utannudc nng w1th a glutammde ester 41 rctams agnv:ty prcsumably bccausc of ns = D

I was oncc thought the glutanrmdc rmg was esscntial for tcratogcmc actmty bul

s phthalumdo phtha]umdc (42) was shown to bc at lcast as tcratogcmc as thalldomlde 96

’




* oxopiperdine 43 with rtentio

R e

S effects result from 1ts abthty to act as an acylating agent. More recently r&has been

" Recently_it was,

.

"#

- 4,proposed’ by Gordon et al98 that oxldatwe metabohsm fo an arene oxide occurs,and

It IRy

A number of theones have been advanced to explam the teratogemc actxvrty of .' g

thalrdomrde93 98 some of wluch aro mentroned here The trappmg theory postulates that' L

'nstated the glutanmrde nng can also be reduced to an~ Q -

S c / thalldomrde readtly penetrates the placental barner where it can be hydrolyzed The. o

resultmg polar products a(e thus trapped msrde the fetus where therr concentratron B

burlds to levels whrch could be capablé‘of producrng teratogemcrty lt was suggestedf

¢ e
that thahdonude’ due to the presence of the glutanrrude morety, nught mterfere wrth o

glutanuc actd metabolxsm Another theory postulates that thalrdomrde S teratogemc‘

~that this metabolrte then’ reacts with brologrcal@lmportant macromolecules to produce_

&7

,dysmorphogemc effects Usmg thetr assay these authors have shown that addmon of ™
, epoxrde hydrolase abolrshes thalldomrde acnvrty while addmon of mhrbttors of this

o : enzyme mcrease actmty The presence of 3H20 in. the plasma of rabbrts and the '

T tritiated thahdormde provrde further evrdence for an arene oxide mtermedrate Another

- immune reJecuon by the mother of a spontaneously deformed fetus However the o

. theory proposes teratogemcrty anses through the abrlrty of these drugs to suppress - |

L]

| recovery of phenoltc metabohtes ﬁmm therr urine after adnumstratron of aromatrcally“;-" '



el "_ "mcrcascd numbcr of rcsorptxons sccn m treatcd ammals makes thc vahdny of thns o
P '_thcory qucsnonable | R ©

Othcr obscrvatlons unphcatmg thc unmunosupprcswc propcmes of thahdomxdc y

"have appcared to account for thalidomxdcs cfﬁmcncy in trcatmg scvcral skm 5'] -

. _:_dlsorders 99 100 mcludmg Bchgets syndromc 101 102 chcr-Chnstxan dxscase ’03 o S

o scveral forms of lupus crythcmatosus 70“ 107 orogcmtal ulccratxon")8 and lcprosy ‘09 et
'_ The obscrvauon of tcratogcmc acuwty m N phthahnndophthalumdc (42) lcd us

to questxon 1f thc analogs w1th onc or both xmxdcs convcrtcd' to amxdcs would bc .

- tcratogemc Thc acylatxon theory would pred:ct 44 w1th an xmldc mo:cty stlll pmscnt“'_ e

would bc teratdgemc and 45 devmd of any labtlc acylanon snc would not bc Thc arenc

e “ R ox:dc thcory would prcdnct that i m prmcxple both could bc teratogcns

‘Sb“vv IR

‘a2 ' X, Y= CO. 'romogonlc S
44"X= CHy, Ya'CO .~ .
a5 X, Y= cu,

U
S AN

| L | A rcwcw of thc htcraturc rcvca]cd thc analog 45 had bcen prcparcd but not: t

'h) -

- Abxologlcally tcstcd ”2 Thc othcr analog 44 was: unknown Tcstmg of thcse' o

compounds would 1mprovc our- undcrstandmg of structure actnvxty rclattonshxps E

Ki

. mvolvcd in thahdormdc tcratogemc;ty 'I‘hcsc mults would complcmcnt thosc obtatqu‘ i

ﬁ;gm 'y-subsntutcd thahdormdcs Thcy rmght also serve gggthc scarch for nontcratogcmc B s

N 'analogucs of thahdonudc whxch would bc uscful in thc treatmcnt of Icprosy and othcr"' e

'..dxsorders B S '

Th1s thesxs dcscnbes thc prcparauon of ‘thahdomxde (36), |
"..‘phthahmldmoglutanmxdc (37) and Ng!;thahmldophthaltmxdc (42) N-

S
: G :



Cp pthalmudophthahmldmc (44), N-phthahnudmophthahnudmc (45) In addmon, thc _,
: ,;synthcs1s of several a—aniino—ﬂ-lactoncs and thelr rcacuons thh both hetcroatom and

T thc lattcr work was 10 dctcnmnc thc potcnhal °f ﬂ“S aPPW“’*‘ f°’ ‘hc pmducnon °f
L ""»Z-subStJmted amino’ acxds wmch could be cvcntually convcncd to thahdomxdc analogs

_"t »

. "'carbon nncleoplules toafford a-ammo ac1d dcnvanvcs Was mvcsthated Thc goal of el



Retrosynthcucally it can bc sccn N-phthaloyl-L-scnnc (46) can scrvc as a
pwcuxsor to N-phthaloyl L.scrme B lactonc (47) 'I'hls B—lactonc could thcn be opencd
by malonates or a-amons of mtnlcs to furmsh 'Y~subst1tutcd glutarmc ac1d dcnvanvcs il

48 or thh other nucleophxles to afford (}subsututcd alanmcs 49

- ._J(hooc'),'én'- ’ ‘ f s ’
_ lormtHen . '

: QA

Reacnon Of L-serine (50) w1th N- carbomcthoxyphthahmxdc (Sl)”3 undcr basic =

a aqucous condltlons affords 46 in-an- unoptumzed 29% ylcld aﬂcr ac:dlc workup
(equauon 1). | l | V

.‘, o o

/E ‘)“'2301(:)
°°"° coon "D

.:23.



L N Phthaloyl-L-scnnc (46) could bc cychzed to thc ﬂ-lact’dne 47 under Mxtsunobu

L 'condmons (mphcnylphosphme, dxethyl azodxcarboxylatc) as cwdcnccd by appcaxance -,

B 'of an absorptlon in thc mframd (IR) spcctrum at 1845 cm'l durmg thc coursc of the

’ :‘catalytlc amount of dlmcthylammopyndmc (DMA;’) 66 Prcsumabiy fo chmtatb s

' Vreacnon 14 Howevcr thc B-lactonc was unstablc and could not bc punf' ed’ by en}'{c{:\»&e

o rccrystallxzatxon or chromatography, prcsumably bccausc of thc reactmty of the - ',

g

i phthalmudc moxcty R’cacnon w1th sodxum d:bcnzylmalonatc m szru fmlcd as wcll

ST

Attcnnon thcn Shlfth to prepanng N-tntyl L-scrmc B—Iactone 25 becaufc the tntyl |

i .':'vgroup should bc ca511y rcmoved by ac:d ata latcr stage. ”5

R % E}‘;'

. "’

3 punﬁcanon, both groups uscd dusopropylcarbodmmdc as the cychzanon rehgent r@ther

o than thc morccommon dxcyclohcxylcarbodunudc el e s (S
S I on.‘ | OH

B H,’l‘w- | coon HCIH 2N COz'Et' - PhaCNH” “CO,Et -

,50 LT o 82 a s

R

o PhscN_H’[co'bH

 PhsCNH” SCOOH
24 AR



R _»._L Sennc cthyl cstcr hydrochlondc (52) was preparcd from L—scnne (50) usmg .
i “'«:anhydrous ethanol and HCl gas "5 'I‘lns salt was convcrtcd o the frec ammc thh _' :
.' tncthylammc and PTOtected w:th tmyl chlondc to prowdc the cster 53 m 92% ylcld “7‘ : x
L SapomﬁcatJon w:th alcohohc potassmm hydroxxdc followed by carcful ac1d1ﬁcat10n to Ce
: .pH 4 with. phosphonc acid gavc N-mtyl-L scrmc (24) in 58% yxcld “8 If thc rcacnonv-j )
mCdlum becomg§ too acxdxc loss of the acid labllc tntyl group occurs. -+ VO
: l,\ o Cychzahon to t.hc B—lactone 25 wnh dusopropylcarbodxmxde, catalyzcd by'f; R l
o MDMAP followcd by ﬂash chromatography wnh toluene rcndcrcd 10% of N Tntyl-L o
scrme B Iactonc (25) Attcmpts to C)LCllze‘ 24 undcr Mxtsunobu condltlonswv' o
(tnphenylphosphmc dxethyl azodlcarboxylatc 'I'HF -78°C) fallcd prcsumablyl o

R because of the zthtcnomc charactcr of thxs compound “4

D

R Rn'a'é_lgﬂi ~coo" v

Rcactlon of B- lactone 25 thh damcthyl coppcr hthxum and acxdxc workup gavc a.

s complcx mlxture of products Wthh contamcd serine (50) and a-ammobutync acxd
(54) The low ylclds of.cychzanon of tntyl serine 24 and of ltS nuclcophxlxc opcmng .

‘e ﬁii@ﬁncouragcd use of another pnotecnng group AR j'_ S
o' o'.;';"’ - L ER A PO
b C H2N” “COOH - :

50 RaOH
84 R-CH3




A .."hydrazodlcarboxylatc (57) by

morc convanuona] dxethyl ammcarboxylatc is pmfcned fdr casc of product punﬁcat:on ,' e
»"Dxcthyl h.ydrazodxcarboxylatc has a Rf valuc vcry clos that of the desxred B-

 conommaoont 4 Sisei o 5
i oxxdanon w1th N chlorosuccmmude (NCS) 120 Rcactxon of mcthyl chloroformate wnh | -, ; '
hydrazmc hydratc gavc thc hydrazodxcarboxylate 57 121 o ‘

o2 o e NH’,‘NH; 2’3,"3_("_'. cugOocHN_nHCbocha'"'

Addmon of N-bcnzyloxycarbonyl-L -serine (58) to a prcformed betame adduct

o ‘ of tnphcnylphosphmc and d1mcthyl azodxcarboxylatc in: 'I'HF at -22°C fum15hed the B

MR Ph3P + CH 3OOCN-NCOOCH 5

o lactone 55 (equanon 2) N

SRy ou

N Bcnzyloxycarbonyl-],—scnnc B-lactonc (55) was prcparcd usmg modxﬁcd_'; '”
v‘i-'f;M:tsunobu condxhons 43 Thc use. of dxmethyl azochcarboxylatc (56) rathcr than the_'j-. ‘i{ L

lactonc thrcas dlmethy 1 hy dramdlcar boxylatc (5.7) and the deslmd B lactone 55 have_.. IR
: 'a largc cnough dlﬁ'crence in, thexr Rf such that punﬁcat:on by column chromatography- ERE '

s fcasxblc Dlmcthyl azodxcarboxylate (56) Ms prcparcd“9 from dxmethyl S



In ordcr to a1d 1dcnt1ﬁcat10n of products msultmg from condcnsauon of thc B TR

lactonc 55 w1th organocupratzs authcnt:c samplcs of the desu’ed N-protected ammo

T ~,_a. A ; e LT

VAN

RS 1)N10H
a A /\ /l\

AR - 89 n.cn, o FEREEIN PR

80.R=(CH)CH.
81 ﬂlCﬂs T

' 3 'acrds 59 61 wcre prepared by reacuon of bcnzyl chlorofonnatc>W1th the' corrcSpondmg_' 5 s

S e
\

- Prcvxous work had shown that basc can causc lcavagc of B lactoncs to‘u G
A OICﬁHS 49 114, 122 In the case of a-ammo-ﬁ lactoncs deh droarmno acid dcnvanves

. ;'Schcch

LT - ‘Base: ‘

_:.ammo acxds undcr Schotten-Bauman coﬁmonslw(equanon 3)., An authcnm: samp]e L :



e organometanxc specres This monoamon may attack another molecule o

B followed by hydrolysts of the resulnng unsamrated protected ammo actd (Scheme 2)

Reacuon of B-lactone §5 thh classtcal Gllman mgents (prepared frpm punﬁcd;‘_r_ B

| ”‘;_-,; ('.?uI123 or CuBr'Mer 124) and hxgher order Ltpshutz reagents 125 faﬂed to gtve good o
| "'ytelds ofattack at the B—methylene carbon R PR

r

Boron tnﬂuonde-etherate promotes the nuc'leopitlxc addmon of organohtluums N S

' ‘to oxtranes and oxetanes 126 The presence of BF3-Et20 m reacnons of hlghcr order N

‘ ‘Ltpshutz reagents wrth oxtranes a.nd a,ﬁ-unsaturatcd ketones has been shown m sornc N o

S desu'ed acxds in synthetmally useful ytelds '_f e

-

Smce the pKa of the' ‘amate hydr'ogen of B lactone 55 is’ approxtmately 16

o 1t is concervable that the organometalhc/’eagent abstracts thxs hydrogen to’ form a

R -5cases to lcad to dramatxc enhancements in neactxon rate and/or product ytelds relauve 0 L
e _those i the absence of thts Lewxs acxd 127. However catalysxs of methylhth:um

\ o f addmon and htgher order Ltpshutz reagent addmon by BF3-Et20 faxled}to secure the - B

L .'monoan;on whxch is then less suscepttble to attac}r by another exvalent of

\tnmate a polymenzatxon process To cm:umvent these problems a B—lactonc thh a

R ._'_ | fully substttuted mtrogen was desn'eable A N,Nmprotecwd B-lactone 64 where both 3

lactone to ’.




S [ ‘. _1) Kou/e:ou
.. e . L

N cb‘ . : . h \. ! ) ‘ L

D«lSOmcr 66 was prcpaxed fmmN bcnzyl-l}sennc (67), Imt:ally N benzyl-L-senne |
(65) was, prepa;ed by rcact:on of L-senne mcthyl cster hydrochlondé (68) thlrv’; .. i :
' " "benzaldchydc in thc prcscnce of a %ymg agcnt, Na2804, reducuon of the msultmg"'f;‘,*f’-'.f_.': -

. sapomﬁcanon of thc estcr ‘70 w:th alcohohc potassmm hydroxxdc 129 (Schemc 3)
o Scheme 3. -

COQCHs 2) PhCHO Nazso. Ph/\N o C

R

o Tes

s

. . . Lo Le

R N COOH 2) Hcs (aq)

Ay v

k The N bcnzyTL-scnnc methyl ester (70) oould bc storcd as ns hydrochlondc salt 71 T

cster 128 T'hc N benzyl-L-scnnc (65) could bc prepared i m 65% yleld by mﬂuxmg the - '. ’ -
mcthyl estcr hydrochlondc 7l thh'aqucous hydrochlonc acnd for one hour and thcnf‘('.

adjustmg the pH mS\wuh llthmm hydrox:de 128(equzmcm 5). . : ‘ .

Lo

L umnc 69 wnh hydrogcn128 at 20 psx m thc prcscncc of 5% Pd/C catalyst and»r_'j s

Tﬁxs could bc rcadlly obtamed by addmg HCl gas to an cthcr solunon of Lhc methyl RS

T - ‘. _..'4":5 . ’ .‘ - : . l‘.




- OH -

h ~ COOCH 3 2) LioH Ph N COOH
i ' HCI - ' ' _ ,
A more cff1c1cnt routc to thc N bcnzyl L serme mvolved reactJon of L scnne
‘.:" (50) thh dlSllllcd bcnzaldehyde in the preSence of sodlum borohydnde130 to nge o

' ”_.stercochcmlcally purc N bcnzyJ L serine, (65) mn 36% yreld aftcr rccrystalhzauon

(cquatmn 6f N Bcnzyl D-scrme (67)&% prcpared smularly ) /‘." S _
| | B e o

T _,“‘PhCHO'. S OH
“H2N coou : Ph’\ COGH

q. 6

Ph K" coou
8l - ’Ss

. . <.
c -
r)’

B 'Trcatmcnt of N benzyl L scrme (65) w1th bcnzyl chloroformatc under mxld basw o
- condmons 131 prov1dcd 72 in 47% yleld Thc D 1somer 73 was prcpared 51m11ar1y
| 'from N bcnzyl D scnne (67) chmpts to mcrcasc the yleld of N,N dlpro&ted serme

o OH
s o Ph'/,\».o)kn’ :'coon
ph 72 ’

: 72 wnth longcr rcacuon txmcs or hcatmg caused formanon of an oxazohdone rmg 74
| = by mtramolccular u‘anscstcnﬁcauon Thc hydroxyl group of the dcsxrcd product attacks ,

.,thc carbamatc carbonyl with concomltant ﬁve membered nng formanon and elumnauon

“oft bcnzyl alcohol .
v ;F";i!‘
) e

- . :




P N0

~wooc”

Cychzanm\ of the &hydroxy acrd 72 under modicd Mxtsunobu condmons .

' ‘ (mphenylthSphmc drmethy] azodlcarboxylale, THF 78°C) affordcd N bcnzyl N- . L
g A "bcnzyloxycarbonyl -serine-f- lactone 64 in 71% yxcld e ‘ -

Subscquent to preparanon of the monoprotectcd N benzyloxycarbonyl -serine-

| B lactonc 55 it was found“8 that addmg the. &hydroxy acxd to thc prcformcd adduct of '. |
trlphcnylphosphme and d1methyl azodrcarboxylatc at -78°C rather t.han -22°C mcrcascd_.
) ,the yields of the B—lactoncs At hlghcr tcmperaturcs dccarboxylatxvc cllmmatron ‘
'becomcs the predominant reaction to afford the olcﬁn n-n.z Although thc dcta:led. o
: : mechamsm of formauon of 64 has not becn StlldlCd it is hkcly that this c0nvcrsxon is
| .sumlar to thc cychzanon of the monoprotcctcd analog 55,52 Prcwous mvcsngahons on" -
the gencral mechamsm of thc Mxtsunobu rcacuon havc shown that an mmally formedjy :
tnp%cnylphOSphmc azodrcarboxylatc adduct133 134 can rcact with B hydroxy acids to - |
'_glvc clthcr hydroxy group acnvatron (HGA) or carboxy group acuvanon (CGA)'” 2
(Schcme4) o o Sl ' ' |



NRCOR'

o ‘Alth0ugh mttrmolecular Mxtsunobu couplmg of alcohols w1th carboxyhc ac1ds to form. |

esters generally procccds by thc HGA pathway 74, 133 this typc of actlvanon of B- .'

S ' hydroxy aoxds has bccn reported to result pnmanly in dccarboxylatwe ehrmnatxon o

) olcﬁmc products 7173, 132 In ccrtam alkyl-substltutcd cases B- lactonc products arose

o _pnncxpgally by the CGA pathway,'“ 2 but mcent work has shown t.hat lactonxzatton of o

’ -'130 and 2H labcllcd N- bcnzyloxycarbonyl L -serine’ (58) occurs by thc HGA |

'_ pathway 2



We havc sucessfully rcgtospecxﬁcally opcned B lactpnc 64 thh a nu;mbcr of

oxygcn mtrogcn sulfur and halogcn nuclcophﬂcs (I'able I)

S
i?_rbdu_c;t Nﬂucleophﬂc s cé?{tq(ﬁoﬁ‘s o A w B l-.'.f."f.;‘,‘Yi;‘elld_
s '}‘_-NHug)CxCC'S:S ©THFDSC2Hrioh NHge o3 if |

7-6» . ‘ L 4 OH» NHz 51
77 .'.'-‘KOAc (70eq) | DMF/HZO rt70mm ‘OAc’  OH - '79'-;*,.
s MgClzTHF(70cq) etherrtSh *c1 . OH et
79 v.MgBr%fI’EtzO . Zcq) cthcrrtlh ‘ . Br '.OH 95 ».:
80 PhCHQSNa*“(lZcq)DMFrMh - SCHzPh OH 81 . .
81 NMey(292q)  THF-5°C,gh NMe; o .-56 T
82 | fNaOCH;;O;;- €q) THF/CH3OH rtlh OH ocH3 88, W SR

These rcsults are analogous to thosc prcvxously rcpom;d for thc mono N protcctcd B-
| lactone 55.48, 52 Thearcactmn times are gcncrally longcr though as is’ to be cxpcctch

| °" steric grounds Whtlc "ha:d" nuclcophtlcs like mcthoxxdc ittack thc B- lactonc with
ﬁssmn of thc acyl oxygcn-carbon bond, softer nuclcophtlcs llkc sulphur, caxboxyla(n o
and halxdcs causc alkyl oxygcn -carbon clcavcagc Ammoma rcacts by both pathways o

The results show opucally actlvc compounds arc produccd and although thctr‘ |

g -‘.
: '-2.}.'
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o stcrcochcnucal punty has not becn dctcrmmed, analogy to rcactrons of the mono N-j -,

e

protectcd B lactone 55 Suggests that no cpxmcnzatlon occurs wrth the possxblc

exception of the methox:dc clcavage 48

The reacuon of ammoma ‘with B- lactone 64 in THF gwcs a 2 3 ratio of

: ammc/anude products 75cand 76 rcspectxvcly In the case of the monosubsntutcd B- -

lactonc 55 thrs ratxo was’3 1 in THF and 1: 3 in CH3CN 48 Thcsc results suggest that

| _ the cncrgy dlffercncc bctween the two transmon states lcadmg to armnc and arrudc -

,‘ -’substantlally alter the ammc/amrdc product ratxo Thc attack of amines on |3 e

1mportant nin

of
! products is not ver'y great Thus sllght changes in solvents or struc%r(e/can

4 proplolactone has bccn ﬁnely tuned by usmg amino. tnmcthylsllyl gennanyl stanny]

“and arsine compounds 135 137

' Thc products of thesc B lactonc rmg opcmngs are N protectcd forms of

c ac:ds -For examplc, compound 75 isa convement precursor not only 5

for the preparatxon of o B~dlanunoprop|omc acrd138 139 but also for anublotrc and°

anntumor pcpttdes contammg 1t.14°'142 The B—O-acetyl 77 B chloro 781“3 144 and B

[ - bromo 79. compounds could in pnnmple be conVcrtcd to suicide substrates of bactcnal

o cnzymes 145-147 Reaction of the B—lactone with bcnzylmcrcaptxdc affords a tnprotectcd

i chloromagnesmm Gngnard reagcnt in’ coppcr cata]yzed nng openmgs

o cystcme dcnvanve 80 whlch could be useful in prepanng cystcmc containing pepudcs

Thc reactmn wnh MgBrz 1& almost. mstantancous whcreas MgClz reacts much slower

Thcse rcsults could have 1mphcatxon&in;@emdmg whether to use a bromo:"v“.

Havmg shown hahde, sulphur, oxygcn and mtrogcn nucleophtlcs attack the B v

N lactonc 64 the possnblxty of formmg carbon- carbon bonds usmg Organometalhc :

rcagents was mvcsttgated Indecd hlgher ordcr organocupratcs (denvcd from 2

L equtvalcnts of organohthrum and l eqmvalent of cuprous cyanide),!25 classlcal Culman |

}' __reagents (from 2 equwalems of organohthlum and 1 equxvalcnt of coppcr (I) bronude- o

K T .

34,
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: dxmethyl sulﬁde complcx) 143 and halomagnesmm organocupra’tes (from 2 equwalcnts o -
- of Gngnard reagent and one equwalent of cuprous bromlde dxmethyl sulfide complcx)

149 opened the B-lactone 64 The results are summanzed in Table II

) .' _' . o O E : .. o ‘ R o OH a )
Lo NE : * R CuM : _ | S BT :

PhAOJ‘L)NAQ o _ph’(.\o,/'\ coou hAOJL f;r“ o
o L ’[Pﬁ,z i
T e B e

', ' TABLE 2 Reactxon of N-Benzyl N—Benzyloxycarbonyl a»,A,rhi:no '_-S‘é.rin_jcﬂ B,-.Lacione
' : (64)wnh Organocuprates Ll . ST I ey :

‘o
¢ e M

S0 GiX T RM . ProductB Yield ProdactC  Yield ~ZNHBn 89 -

ooN oML 8 m s s
| CuBrMe)S  PhMgBr 85 60
LLGON e s a5 el
“~'4’C“‘CN  seBuli 88 3l g

. CuBrMe;S - tBuL1 90 51 DI 18
coN om0 S L.

KT SRR

The Gﬂman rcagent szCuLl 1}4&,_5148 dnd Llpshutz veagents125 MeZCuCNsz -
| and n-BuZCuCNle gwe small amounts of: thc undesucd agack at thc the cart;onyl .
When the hxgher order cuprate PhZCuCth, was replaced wnh PhZCuMgBr the: ylcld

. of N,Nvdxprotectcd phenyla]anme 85 was: 1mproved from 25% to 60% ‘An anﬂ:,ogous e

improvement was observed by Fujlsawa and coworkers in the rmg opemng of B T
W, N '

v‘propxolactone(3l)4\’ B \ -‘ ‘




. ’I'hc PhZCuCNle has been shown to bc quxte effectlvc in opcmng oxlrancs‘ in-
dlSplaccmcnts of pnmary hahdcs, and in’ conJugate addltlons to o, B-unsaturated '
- cstcrs,15° but docs not. ngc good yxclds thh secondary halldcs, some a, B-unsaturatcd o
.,.:kctoncs 125,150 or some acetates 3 - 4. | S o
Bcnzyl N banyl carbamate (89) was a side product m thc n- BuZCuCNsz o
£ | rdathon and was formcd to an cven grcatcr cxtcnt w1th both thc hlghcr ordcr LlpShUtZ Lo

' ?and thc Gllman t-butyl ncagent attack on B lactone 64 Compound 89 may rcsult from
."basc abstractxon of thc a-proton of thc B-Iactone thh elumnatlon to glvc thc salt of N- _; :

.. bcnzyl -N- carbobenzyloxy dchydroalanme 91 hydroly51s dunng thc acxdxc workup |
E . would give pyruv1c -acid and bcnzyl N- bcnzyl carbamatc (89) (Schcme 5) | |

\ Schemc 5

.2 = PhCH,0CO
~ Bn #PhCH,



Anothcr sxdc product from reactron of 64 with’ rert-butyl organocupratcs is the

N,N -dnprotcctcd alanme 92 whrch rcsults from hydndc transfcr to the B-mcthylcnc ‘

‘ .

92 -

| carbon of 64 Sato et al39 noted. that coppcr catalyzcd nng opcnmg of @, a-drmcthyl- b

B proptolactonc (93) w1th t-BuMgCl produced ptvahc acrd (94) asa major product

;‘ L

(BuMge » [

&‘.‘L (cna)sccoon

3 e

‘The bcst ylcld O'Donncll and Falmagnc obscrvcd for (t-Bu)2Cu(CN )le attack on
1fmmum acetatc 14 t0 form tert-leucrne was 54% 33 | | -
Cuprous cyamdc offers scvcral advantagcs over thc Cu(I) halrdcls as thc source
‘.of copper ThlS compound is not lrght scnsmvc or hygroscoprc and itis 14 t0.19 trmes | |
- less expcnsrvc than the Cu(l') hatfg dcs In addmon the Cu(I) oxrdauon. state is thc morc |
hrghly stable in CuCN 151 and thc comrnercrally avmlable matcnal docs not nccd to be.
;punﬁcd before use. | | - '4 "
‘ ' Punﬁcatron of thc products was comphcated by thclr complcxatlon with coppcr'
: an. 1ons rcsultmg from air oxrdatron dunng workup of the rcactron Usual
< chromatographtc proccdurcs fall f0. remove thrs ion cOmplctcly Although ion- :

| cxchangc chromatography wrth Chclcx resm removes the copper, it also appcars to

L -bmd thc products via a coppcr compicx Washmg an cthyl acctatc solutron of the crudc L



o

B ‘,products thh a saturatcd soluuon of cthylcncdlanunctcuaaccm acrd (ED’I‘A) rcmovcs | .
- the coppcr cffecnvcly An altcmatwc method could mvolvc convcrsron of thc crudc' i
,.",»-'.acxds to thclr bcnzyl cstcrs with phcnyldxazomcthanc and punﬁcauon by ﬂash B
# 'chromatography Thc punﬁed products could thcn bc hydrogcnatcd to remove the :
' 'carbobcnzyloxy and two bcnzyl groups m a smglc stcp to afford thc fmc amino acrds _"
If the mcthyl estcrs wcrc rcqulred phenyldlazomcthane could bc rcplaced by~
- .‘dlazomethane Addmon of an cthcrai soluuon of dlazomcthanc to'a crude sample of

"‘_ X acld 83 gave aftcr ﬂash chromatography, an ana]yrcal]y purc samplc of N N

dnprotcctcd a-ammobutync acid rnethyl ester95.

In an attcmpt to clmunatc side products obtamcd in the cupratc rcacuons and to

'.cxammc the possrbhlxty of usmg ‘more rcadxly avarlablc "acrdxc" mOnoprotcctcd B .
I 'lactoncs organoccrlum rcagcnts wcrc mvcstxgatcd Imamoto and coworkcrs had
_ '_ shown that organoccnum (III) rCagents gcncratcd by the reacuon of one equwalcnt of o

' organohthnum or Gngnard wrth cerium (II]) ch]ondc are cxtrcmcly uscful in provrdmg
addnuon products of casrly cnohzablc kctoncs 151153 Thesc results are ascnbcd to the

:, | rcduccd bas:crty of thcsc organoccnums and thc strong oxaphxhcrty of tnvalem
' ;ccnum 154 Thc N, N-drprotcctcd B-lactonc 64 d1d not react at the mcthylcnc but rather -
atthe carbonyl carbon Rcacnon of 64. wrth one cquwalcnt of McCcC12 affordcd the

corrcspondmg keto alcohol 84 as  well as the diol 96 rcsulung from a second addmon Lo =
" to this product. The remainder of thc isolated m matcnal was thc startmg B~lactonc

0

oo



1) mc.cn, .
2) H,o ;

Hydrogenatron (latm) of the. N N dxprotcctcd amino acxds 83 85 and 90 in

©an acidic solvcnt systcm (cther 1sopropyl alcohol aqueous HCI) w1th 10% palladrum
. on charcoa] catalysxs clcanly removcd both protcctmg groups Thc rcs:duc was

. o punﬁed by 1oﬁ exchange chromatography to afford the free L—ammo acxds 97-99 in’
x hrgh yxcld (79- 99%) ' '

. wRacw . -
= k. 9B RxCHy

COOH 9% R= t-Bu

Thc stcreochemrcal purity of two of these armno ac:ds was dctcnmncd by
convcrsxon to thc com:spondmg camphananudc mcthyl estcrs and gas chromatography

‘This was accomphshcd by trcatmcnt of thc mno acids 97 and 98 wnth (lS 4R)

o camphanoyl chloride by thc procedurc of Annarcgo et aI 155 fo]lowed by reaction with

; ,drazomethanc to gWand 101, rcspccuvcly



1) NaOH
% 97R'°“3 o 100 RsCHy

8. n.c.u, S 101 RECH,

. . N H“’ i vl., . - ) . .v A “P ;

Authcnnc 2S i 1somcr 102 authennc 2'R4somer 103 s.sd an cqual mlxture of

X oth these dxastcrcomers 104 was prepared from commcrc:ally avallablc ZS 2R, ancr
: ‘2RS a-anunobutync acxd (105 106 and 107 respcctlvcly) Although the 400 MHz

- H NMR spcctra

N "‘\' S

y "}of 102 104 did not dlsplay ‘major dlffcrcnccs dctcrmmatmn of cnantlomcnc punty

RS provc? to be posmblc by gas chromatography Thc mdnvxdual 1somers were' mjected =

scparatcly and as nnxturcs of dcﬁncd 1somcnc contcnt 'I'hc column (Alltech’ IOm X . -

. _0 53 mm bondcd FSOT polyphcnylmcthylsﬂofanc (RSL-300)) condmons were 150 °C o

for l min then mcrcasmg 5 °C/mm to 240 °C at a mtrogen carrier gas prcssure of 8 5

_ }psn Tablc 3 summanz.cs the rcsults



L TABLE 3 Gas Chromatographm Retcnuon Tuncs of 2' Isomers of Camphanamnde
- Mcthyl Esters of a—Axmnobuuyxc Acxd» S

aﬂ‘“"m“ﬁﬁ - Re |
1o 100 nss 1231;_'._ “-
' s“"x'"s .ﬂ“tIQZ*.'s:‘ R 2

2
',4 \v‘ o 104' 4‘j{f; 11.82 1224_,1%'
5. L 100ad102 . 1igs 22
00and 103 ',v"-1'v1'5.13:5.'»”1“2-"'25:~"

B S P

.'Q f‘. S . ty ‘,.

o The matenal prcpared by Qpenmg of B-lactonc 64 w:th,McZCuCNsz was shown to -

E have an enannomcnc cxccss of 82%

Analys1s of phenylalamne 98 obtamcd by hydrogcnauon of 85 procccdcd ina. ,:' o

smular fashxon AT rmxturc 108 of 2R:2 S dlastcrcomers of ‘thc camphanamldc‘_"
methyl estcrs of thls ammo ac1d was prcpared from authcnnc D- and L phcnylalamnc;‘_
'The column (same as abovc) condmons were 170 °C for 1'min thcn mcrcasmg 5 °C_ ».

_ /mm to 240 °C and rcmammg t}m:e-{or 10 min. Thc mtrogcn carrier gas prcssurc was .

85p51 Theresultsareshown in Tab1c4 RS - “ E

TABLE 4 Gas Chromatographnc Retention Tuncs of 2' Isomcrs of Camphanamxde
e Mcthyl Estcrs of Phcnylalamnc 5 o :

;_’};f'.lfllﬂQif,' . ::v;101.': 1703 1748 j:o*i*gf'f_,,_.
B S 108 T mde wse
3 101and1s. '17.-03?7'17:-52_ S

Intcgrauon of thq pcaks for the compound 101, dcnvcd from Llpshutz rcagqntmg o _‘
- opcmng of B—lactonc 64 shows 1t to bc 94% opncally purc Thc rcsults dcmqnstmtc’. o

g



e

that a small amount of epxmmzanon occurs dunng thc nng opcmng rcactxon thh

_. hxghlybas:corganmnetalhcreagmts ' v
- , Mu)zcr has nported that B lactoncs can bc dcprotonatcd thh lxtluum_'_'.? o

a dusopmpyl a.tmde (I.PAMo-gwc surpnsmgly stablc apions. ml“ Smct the*mc pau A
e of thc amon is Qrthogonal to the bond betwee.n thc nng o§ygcn and thc Bbcarbon g

'chmmauon is s]ow Such amons can bc alkylated m hlgh yxeld wnh goodj:_
o %stcrcosclectxvxty if thcrcamsubsutucnts on thc B—carbon é ' '

T N—0Q - LDA™HE )
EThe

.‘ If thxs proccss could bc rcpcated wnh a-armno-ﬁ-lactoncs then a-subsututed a-ammo o :. o
. _ acnds would be gcncratcd Thcsc non-protcmogcmc ammo acnds often havc unportant .

o bnologlcal propcrucs BIST,18 ‘ | ,} - ~ “ .

| Anothcr n:port which may provc uscful in amino acu:l synthcsxs v1a a-ammo B - |
Iactoncs, is thc obscrvanon that a n)-dx-Gngnard magcnts react thh 2 equwalents of B-_ -
'proplolactonc (31) to g1vc trm dlcarboxyhc acxds m modcst yxclds w:th copper '.

oo

v catalysnsS“
~ . BrMg(CH ;) MgBr ¥ ’ol I =4 HOOC(CH ,),,4COOH =

LN

- With a-ammo-ﬁ-lactoncs, dxa:mnodlcarboxyhc amino acxds wonld be fonned

{jt



A

HO(CHz) o ——> cuugowu z)nMgCI '.

T e

< ~ e

n

¥ "'

Though thc rcacuon of B—hctoncs wnh alkoxldc at thc acyl carbon 1s wcll known 50 w

‘ " mctaloxylated Gngnard rcagcms mact sclcctJvcly thh B—propxolactones in the prcscncc _v L

of copper catalysrs to glvc co-hydroxycgrboxyhc aclds s - e 3_ - e

“ "

. ‘} \

Ce
T
.

Extcnsxon of thxs mcthodology to hlghcr homologs of scnnc such ‘as thrcomnc could

prove tobcafrurtfularcaof rcscamhaswell
S R_ _Nuc
0 PN .COOH

]

R

Malonatc addmon to a»anuno-B—lactmos to. prcpanc y-subsututcd glutarmc ac:ds L

'has been attcmptcd in our laboratory ”4 As of yet rcacnon*condmons to sclecuvely‘_ |

, opcn at the mcthylcne carbon of N- benzyloxycuborm-lactonc or N: “L: |

o butoxycarbonyl B~lactonc m synthcncally useful ylclds havc not been found Thc _’ o

'reacnon of llthmm, sodrum and potassrum dxbcnzyl and di- rert-butyl malonatcsf |

o produccs pnmanly products from ehmmatJon to give dohydroalamnc dcnvanvcs and‘ )



Ca

;'&

’, 5

‘ Heatmg the anhydndc 109 thh urea gavc thahdormde (36) 97

prcparanon of 37 by thc sequcnce shown i Schemc 5

o 44 g =

) e - _"“.

from attack a'& thc carbonyl to gwe acyl adducts Work 13 contmumg in thxs arca to ;‘ e

prov:dc thc y—substltutcd glutamxc ac1ds rcquu'ed for our work with thahdormdc

As a.épart of the study of thc mcchamsm of actJon of Ihahdomxdef several -\

standards wcre roquu'ed We chosc thahdomxde ( 36), phthahmldmo glutarurude (37)

N and N-phthalmudophtha]xmxde (42) A common mtormcdlaté in: the preparanon of

-

thahdomlae (36) and phthalxrmdmo glutan?fude (37), phthaloyl glutamxc anhydnde '
(109), was prcpa:cd by hcatmg a nuxture of phthahc anhydnde and L-glutarmc acxd to
a melt and thcn cycllzmg thc fbsultmg dxacnd to thc anhydnde wnh aceuc anhydnde 159 -

(equanon 7)

“SCcooH ne - e
3 o ) 2)'A_°,O:I xylene . .
TCOOH .

'b .

Reduchon of thc phthaloyl group to a phthalmudme was rcquxrcd foCthe

Schemc 5




Phthaloyl glutamlc aC1d 110 was prepared Cl[hCl' by rcﬂuxmg the anhydndc 109 in:

mlld basxc condmons161 (equanon 8) i_:ﬁ AR

2 : . _/Watcrlﬁo or by condcnsauon of N-carboethoxyphthahrmdc thh L glutamlc amd undcr .

A

C]emmcnsen re(lucnon of -110- w1th Zn dust in rcfluxmg aceuc aéld affordcd thc - |

phthalmudmc lll in 63% yleld Cychzauon of this. matenal to the anhydnde 112

1"

wnh acctlc anhydrlde followed by. 1m1de formatlon w1th urca gave tcratogcn ‘

phthalmudmoglutammdc (37)97 in 38% ylcld from 111 over thcse 2 stcps

- T om2xs0 -
- 7 XsNH
&



o :f Another known teratogen N -phthahrmdophthahnude 4293 was assembled by addmg an. -

o ':excess of hydrazme hydrate to phthahc anhydnde in’ reﬂuxmg acenc at:xd162 as shown RS

. .m equanon 9

-_[N Phthahm:dmophthahmldme 45 had been prepared prevrous]y by Bellasro and""

o ﬂv"I‘esta“2 (Scheme 6) but has never been tested asa teratogen ThlS procedure Was' S

":repeated wrth sllght rnod:f" cauon 'I‘he lactone nng of phthahde (113) was opened wnh " '1 ‘

: .:hydrobromlc acid. 163 Treatment of the resultmg acnd 114 wnh thlonyl ch]ondel-] SN

o ,v 3 afforded o- (bromomethyl) benzoyl chlonde (ll) in 56% over these two steps The’:_.--,_' s

g extremely hygroscoprgcaa&ttohydraznde (116) (prepared by condensatmn of hydazme‘_ S

hydrate wnh eth)'l acetatelé“? was a]lowed to‘”react wnh ac1d chlorxde 115 to fonn o

| . acetate 117 112 Hydrolysrs of the acetyI p(oﬁe*cung group wrth reﬂuxmg concentrated , ; .’ N
‘_ hydrochlonc aad afforded theéhydroch}onde saft of 118 ”2 A more efﬁcxent route to“'_ o
118 used o- formylbenzoxc acrd (119)155 or commerc;ally avar]able phthalazone (120)."-' E

\‘“as_a stargng matenal166 (Scheme 7) Hydrazme hydrate was added dropmse to o- . .‘

formylbenzorc acrd (119) The reactxon only took a few mmutes passmg“:rom 3 .', )

L ! ?.\ycllow solunon due to the formation of the hydrazone to an anaiytlcall"f'pure whlte'j;‘: :

: SOI‘d phthalazone (120). 166 Clemmensen reducuon of 120 m acxdrc med;a afforded'v_;v-, w

7 phthalumdme whereas the hydrazxde 118 was produced m 71 %.y1e1d under basrc




115

L Lo !
e - A .

118 -




0 scheme?. -

B

o NHNH;H,0 B |
L ———

G

. & condmons 166 Couplmg of'fls thh amd%hlondc 115 gencratcd thc desxrcd N

: : : o : L
e o . N
£ R L ) L
v s . c

: The anang 44 could bc formed by couplmg the hydrazxdc 118 thh a sunable |

L # C%mpqund Si/was choscn bccal'x;p this allows rcmoval of thc mcthyl carbamau: whxch

phthahmxdmophmahnndmc (45) m‘%?% ylcld1 12 (Schemc 6).

phtha]oyl?nf rcagcnt Work wi’tﬁ N~phthaloyl L-scrme 46 suggestcd use of a reagem
of the typc shown bclow o S |

) 51 RICH:. L
: '; 121 RICHQPh o

, is. fomcd gunng thc,reacuon by subhmanon Indocd couplmg of 118 wnh 51 d:d : -;A

e

L pnoducc 44 (61% yaeld) (equaﬁon 9)



' Thesc matcnals prov1dc the standards for fumrc tcratologxcal studxcs 'I’hcy'

should provc especxally useful xf thc nuclcophlhc opcnmg of - B—lactoncs can be"’v .'
) 'eventually adaptcd to produce substJtuted glutaﬁuc ac1d dcnvatwcs whlch can be |

. '-mcorporated mto thahdomldc to further prohg Lhe mystencs of thxs blologlcally cunous-‘ o

o molecule



; . apparatus usmg open capxllary tubes and are uncorrected Infraned spectm (IR) were _ --7
: recorded on a Nrcolet 7199 Fl‘ -IR and mass spectra (MS) were obtamed on A. E 1 MS-_ :
:F_SO for electron unpact (hxgh resoluuon), MS 12 for chenuca] lomzatmn (CI), or MS 9.

: vrcference standards Optrcal rotatJon measurements were determmed ona Perkm-Elmer v

s ',24lﬂanmeter ma 1 ml s!dmcell at amblem temperature (25:!: 2 °C) ’@ L

| ‘srhca gel Merck 6OF-254 or for reverse phase Whatman KC8F and Merck RP-8‘ '. ,

| stanmng with rodme bromocresol green spray (ac1ds), mnhydnn (ammo acrds), or.

All meltmg pomts yvere detemuned on a Thomas Hoover captllary meltmg pomt o L

M

_‘ v}’ﬁ

: - for fast atom bombardment (FAB) mstruments at an 1omzmg voltage of 70eV Proton.; - L
- . :-.:nuclear magnenc resonance (IH NMR) spectra were recorded on Bruker WP 80 (80,’_f.’-1 > .
MHz), Vanan HA: 100 (IOO MHz), Bruker WH 200 (200 MHZ),Bruker AM 300 (300 : .
L vH, Bruker WM-360 (360 MHz) and Bruker WH-400 (400 MHz) instrurments in e 3
specxﬂed feuterated solvent wrth tetramethymﬁm (’I’Mg) or*deg%rated sgd um 333
Lo (tnmethy 1511)' 3 l-prOpanesulfonate (I‘SP) as: x;;g:rm standards Ahkyewi'ﬂnons us'pd f
: NMR: spectra are: —smglet, d doublet t-tnplet q—quartet m-rﬂul‘trp]et and @
L br=broad Carbon nuclear magnenc rcsonance (13C NMR) spectra wcre reco rded On B =f.;% ~,
) Bruker HFX- 90 (22 6 MHz) Bruker AM 300 (75 s. MHz) or Bruker WH 400 (100 6 .j | =
o | MHz) mstruments thh TMS -as mtemal or l 4-dxoxane (8 67. 4 in DZO) as extema] I

.m,'

ﬁ%

oy e

Slhca gel fOr column chromatography was Merck type 60, 70 230 mesh Flash __-“ < o

| o 'chromatography was camed out by the method of Sull e a1167 usmg Merck type 60 i
| -sxhca gel 230-400 mesh Commerctal thm layer chromatography ('I'LC) plates were'

L F254s TLC plates were v1sualrzed by Quenchmg of fluorescencc (254 nm) and/°r R Q '

'sulfunc ac:d spray wrth chamng Reverse phase medxum pressure hqurd,

| ‘:'-}_‘chromatography (MPLC) was performed usmg two Lxchroprep RP-8 (40-63 um)'

. "50:"- .



s

i and the second wasa sxze B (310 mm x 25 mm) Thc acctomtnlc cluant was drstnllcd LA

‘: _ bcforc usc Ion cxchangc chromatography employcd on-Rad AG® 50W-X8 catton T

g

j'“: cxchangc rcsm (50-100 mesh) o R , |
Gas chromatographlc analyses wcrc pcrformcd on a chlctt-Packard 589OA EANTR

o gas chromatograph cqulppcd wnh a ﬂame 1omzauon dctcctor An Alltcch 10 m x 0. 53"

= .v ', columns in series. Thc first was a sxzc A (240 mm X lO mm) Lobar prcpackcd column o o

.mm bonded FSOT polyphenylmethylsxloxanc (RSL 300) column was: uscd wnth.- '_' S

" o mtrogcn as thc camer gas All samplcs were ll’lethd as soluttons in cthyl cthcr | e

| ‘ Solvcnts were dned by dtstrllanon undcr a stanc argon atmOSphcrc from _
sultable dcsrccants Dry bcnzenc, cthyl cthcr tetrahydrofuran (THF), and d:oxanes,’v S
:were dlstrlled bcforc use from sodtum/bcnzophcnonc Mcthanol and ethanol wcrc ‘

| dtsullcdlfrom magnesmm drchloromcthane from calcrum hydndc and acctommlc from_'. e

o phosphorous pcntoxtdc Chloroform was washcd wrth watcr dned wrth sodtumv -

o su}fate and thcn drsttllcd from phosphorous pcntoxrdc Dtmcthylformamrdc (DMF)

e 'was sttrred w1th bartum OdeC ovcrmght and dlsttllcd undcr rcduccd prcssurc g
| -Tncthylammc was storcd ovcr 4A molecu]ar srcvcs 'I‘nphcnylphosphmc was glncd m'

o vacuo for at lcast 16 h prior to use. Magneswm tummgs and powdcr were dncd at 120:

L

- ."- °C ovcrmght Cuprous cyatmd_c was dncd ovcmxght nf) vacuo at 56 °C over o
| .'Tphos;)horous pcntoxrdc Coppcr. (M bromlde dxmcthylsulf de complcx was pGCarcd by‘ 3 v
'.-:thc mcthod of Townscnd and Theis. 124 Cuprous 1od1dc (Ftshcﬂ' was punflcd by-‘
g _htcrature mcthods 123 Commcrctal (Aldnch) organohthtum rcagcnts wcrc Utratcd bcforei" B
usc by the mcnthol phcnanthrolmc mcthod 163 All othcr commcrclally -available

o .rcagcnts wcrc uscd wrthout punﬁcatmn unless othcrwxsc notcd

Expcnmcnts rcqumng an inert dry atmosphcre wcrc pcrformcd undcr a shght
,posruvc prcssurc of argon wrth apparatus dncd at 120 °C for at lcast thrcc hours

- Solvcnts and hquxd rcagcnts were transfcrrcd wrth synngcs or doublc hcadcd cannulas

A P



' -. N- Carbomethoxyphthahmlde (51) R ) S

C, 5838 H, 331; N, 681

T

B2

Aftcr cxtracnon all orgamc laycrs wcrc dned ovcr anhydrous sodmm sulfatc cxccpt B II :
‘ ‘_ whcrc othcrwxse mdncated Solvcnts werc rcmoved in vacuo ona Buctn rotary ;‘,
S : v}cvaporator Hydrogenanon catalysts wcn: removed by ﬁltranon through a small bcd of o |
- "Cchtc ;. TS ”: Lo ,-,’f o - o

'I'hc procodurc of chkcns et all13 was folléwcd Methyl chloroformatc (13 0 | .

| mL 15 9 g, 0. 168 mol) was’ addcd dropwxsc to a coolcd (O °C) suspensmn of -

- _potassnum phthahnudc (304 g, 0 164 mol) 1n /DMF (100 mL) under’ an argon ’

atmosphcrc Thc nuxturc was stured for 1h atb?m pmpemmre and pouncd onto 1L ,_' o -

of ice.. Thc rcsultmg sohd was collcctod and rwryst&lhacd from 98% ethanoT to gwe '_ . o

. ovcmlght Thcsc crystals were filtered and washed wnh cold water to give 1. 65 g.

. (29%) of 46, m.p. 134—136 °C [a]5462" = -51 9° c = 099 CH3OH (hL169 mp '

= ._135 136 °C [a]54621-- -50 c =1, CH3OH), IR (CHC13) 3200 1777, 1712 1393 |
- 720 cmel; lH NMR (CD3CN 300 MHz) d7. 86 (s, 4H Ar), 6. 07 (br s, 2H, OH), :

1925 B1%) of 51, mp. 183-1845 °C (lit 13 mp. 183 °C); IR (CHC13) 2960,
L 1810, 1776 1756 1718 1310 1259, 715 cml 1HNMR(CDC13, 300MHz) 8797-_ |
-“(m 2H, 4n), 783 (m, 2H, Ar), 4.03 (5, 3H, CHs); exact mass 205, 0372 (205.0375
. calefor C10H7N04). Anat Calt forcmnmo?c 58 54 H, 344 N.6. 83 Found:

o '_'N-Phthaloyl L-serine (46) @" | { e w gy
‘ Thc oi;?ocedurc of chkcns et dl“3 was uscd w1th shght modlflcanon “
. .v , Compound 51 (. 00 g 24 4 mmol) was added to a solunon of\L—sprmc (30) (2%'1 g | q,-_."" ;
; ‘24 8 mmol) in-1 M Na2C03 @5 mL) “This ;mxtum was stirred for 1 h ﬁltcrcd and | " o
.thc fﬂtratc was ac1d1ﬁed to pH l 5 w:th HCl. Thc rcsultmg oxl sohdlﬁed at 4 °C ;.:i \’



: " 495 (:, J= 7 Hz lH CH),4 10 @, 1= 7Hz 2H, CHzO) cxact mass 235 0481

&

- and HCl gas was’ a’d’dcd over 30 mm at O °C The rmxturc was allowcd to warm :

' 'f'ovcmlght to 20 °C Thc soluuon was conccntratcd m va&o rcdxssolved in ethanol |

(235 0481 calc for CquNOs), Anal Calc for C11H9N05 C 56 17 H, 3 86 N

596 Found c 5597 H, 386 N 574 B A IR et o

»‘

N-Phthahmldophthahmlde (44)

-The procedure of Drcw and Hatt 162 was used A solunon of hyd:az.mc hydratc ;
(2 0 mL, 42 mmol) in glac1al acctlc acid (20 mL) was addcd over 30 mm toa soluuon -

of phthahc anhydndc (24. 0 g, 162 mmol) n rcfluxmg glacxal acctxc amd (40 mL)'.;‘- L .

Heatmg was contmued for 40 mm thc rmxturc was coolcd and thc prccxpnate was. S

flltcrcd Thc solid was. washcd wnh aceuc acnd and water, and was then snrrcd for 2 h" : "

w1th 0. 25 N aqucous ammoma Thc sohd was ﬁltcrcd boxlcd thh watcr for 30 mm .'

ﬁltcred agam and. washed wnh cthanol Thc preclpxtatc was dncd to glvc 7 17 g.,-

(58%) of 44, mp 308 309 °C (llt 170 mp 308 310 °C), IR (CHC13) 1781 1740 »

1468 1345,1280, 708 cm-l 1HNMR(CDC13, 360 MHz) § 7.99 (in, 4H, Ar) 786. S

(m 4H Ar) exact mass 292 0483 (292 0484 calc for C16I-18N204), A-nal Ca]c for -

C16H8N204 C, 65. 76 H, 276 Npsg Found c 65.69; H 285 N, 960

' Preparatnon of L-serme Ethyl Ester Hydrochlonde (52)

@_.

0 L Scrmc (50) (30 4 g, 0. 290 mol) was suspendcd in anhydrous ctﬁanol (lL)_"

: and conccntratcd in vacuo 'I’hc residue was rccxystalhzcd from ethanol and cthcr to B
- give 3l7g(65%) of 52, mp. 129-131 °c [a]D25--42 c 2o H ;0 (lit! 171 4 mp. y' _
. 130- 132 °C [a]D2° -44 c =2, HZO), R (KBr) 3400 3000 1970 1741 1595
| '1502 1274 1248 1090 1024 cm'l lHNMR(DZC) 80 MHz) 8437 (m, 3H CH

; CHZMc), ,4 20 (m 2H§J‘CH20H) 131 (t J<7 Hz 3H CH3). MS (FAB) l?% RS

oy



4' N-Trltyl L.—serme Ethyl Ester (53) ' ’/ : S R

(MH*). Anal Cale: for CSHLZNO;;CI c 35 at; H,7 13 N 826 Found c 35 2 B

oW
H708N826 -

- S

Thc proccdum of Zcrvas and 'I‘ht:odoropoulos117 was followed Tnethylamme. -

B (3 0 mL 22 mmol) was added 31°W1Y t0 a cooled (0 °C) SUSPCI'lsmn of L-scnnc cthyl”. : o "
' _'.‘cstcr hydrochlondc 52 (l 70 g, 10 0 mmol) in dry CHC13 (15 mL) Tntyl Chlondef‘ i~ ‘

k. (2:} 10. 0 mmol) was dcd in pornons, thc rmxture was stumd for 6 h, washcd}v- o

atcr (3 x 8 mL), dned and conccntrated m vacuo to ngc 3 46 g (92%) of 53 as» 1 o

Ca foam wmch was used dm:ctly in subscqucnt reacnons A sma]l samplc slowly iR
i .sohdxﬁedon standmg at 4 °C, m.p. 71-74 °C (lit. l72mp 111 112 °C for racemic R
letUl’C) [a]p?5 = +6 0° < 10 CHC13, IR (CHC13) 3460 3350 3060 2980, b A

1728, 1590 1186 1031, 747 707 cml 1H NMR (CDC13, 80MHz) 87771(m R

PR '3 67.

N-Trntyl-L-Sehne (24)

"coldwatcr(3x10mL)toafford 1.31 8(53%)°f24 mp 16O°C (d“)a"‘us mp. -
| ,;160°C(dec)).m(cnzcxz) 3920 3055, 1596, 1493, 1030, 747, 705 el HNMR
g (1\;1(-,230416 eOMHz) 8760-7 15 (m, ISH Ph),420(brs,3H coou oy NH), SRR

.".’;'ISH Phy, 370 (m, 5H, CH cuon CH2CH3),298 (brs 2H,0H, NI-L&O w6
= 7 Hz 3H CH3). exact mass 375 1824 (375 1835 calc for CuH25N03) Ana] o _:{;;-:1‘
"".Calc for Cz4stN03 C 7977 H, 671 N, 373 Found c 76 87; H, 669 N B

&rﬂ"'

b \
.,@
Y

Q.

ey Thc pnocedurc of Guttmann118 was followcd w1th shght modlﬁcatxon Estcr 53 i
- (2 42 g, 6 45 mmol) was hcated to mﬂux for: 2 mm in‘an cthanohc solunon of 3 5 N

| . KOH (20mL 70mmol) Thc rmxtute was cooled to4°C dllutod thh watcr (10 . - v
o lmL), and bfought to PH 4 Wlth 1 N H3PO4 'I'hc resxduc was ﬁltcred and washcd wnh o i

¥

S e



.-,"

: o Ci)mpouhd 25 was prepared followmg thc proccdurc of Shanzcr and i

B ; ”'.‘_leman 65 N,’N-Dlmethylanﬂnopyndmc (O 231 g, l 89 mmol) was addcd to a-

,. -ﬁ ;‘.-,". L
WA

o : 'purlﬁcd by ﬂash chmmaiogr;aphy (&olucnc) to. gwc 0 290 g (IO%) of 25 ‘m p 190 192

: °C, [ot]1325 = -67° "c ="”

_ .54 Cng (m 85 m. P 193 194 °c [a]D2% 5 §2° o= o 5
:_CHC13) m(cacm 3320 3060; 1814 1595 1490 1443 1118,'873, 72, 704.c cm-

P

_47 55, 115 Ha, 1H, @)35&,(: J-SSHz lH CH2),314 (dd, J._.47 55
L Hz, lH c&)ﬂ&vd J‘-"‘usﬂz IH NH), MS (Cl) 330 (MH*)

) | N Benzyloxycarbon ylnb-,-sermer B-Lactone (55)

‘aq Y

Thc proccdure of Amoiéf%’t

mL; 401 mmol) was added *

_ ) “e ovcr 15 mm to a snrrcd so}unon of/ dry
) tnphenylphosphme &)5 g, 0.

b1) in anhydrous ’I’HF (200 mL) at -22 °c After

e 20 mm a solutmn of N-carbobcnzyloxycarbonyl L-scnnc (58) ©. 57 g, 40 0 mmol) in -

e ‘THF (230 mL) was addcd ovcr 30 mm The mxxture was sturcd for 25 mm al 22 °c

’ ’&48 was used Duncthyl azodxcarboxylat:.:l 18 (4 40

AT

© LIHNMR (CD2C12,200MH2) #1750 (m, o, Ph).729 (m, 9H, Ph), 460 (ddd 1

- and thcn 1h at'rlbom tcmpcraturc Solvcnt was rcmovcd in vacuo and thc resnduc was

| _punfxcd by chromatogfaphy on sxllca gcl (80% hcxancs/ethyl acctatc, 55% i

hexancs/cthyl acctatc) to gwc 3. g (35%) of B-lactonc SS m. p 131- 132 °C [a]D



-269 c-l CH3CN (m48 mp. 133 134°c [a]D -_= -266° c'-1 CH3CN),

) ‘(CHC13) 3360, 1845, 1829, 1686, 1531 1268 1104, 1016 884, 753, 700 eml; lH |

L «f,i-iNMR (CD2c12, 80 MHz) 8 7 36 (s, SH Ph), 557 (br 5, IH, N})‘ 5 13 (s ZH
- OCH;Ph), 5.01 (m, 1H, CH), 442 @, = 6Hz, 2H,  CHy); exact mass 221 0691
e ";(221 0688 calc for C“HHNO4) Anal Calc for CuI-IuN04 c 59 7311{ 501 N

:‘633 Found c 59 61 H 503 N 625

. 8..'9‘

Dlmethyl 1 »2- Hydrazmedlcarboxylate (57) e R
. - 'I'he procedurc of Kaucr121 was uscd Mcthyl chlorofonnate (373 e 4 00 mol) ’: _ |
gk 'was addcd dropwxsc to hydrazme hydrate (100 g 2. 00 mol) in 95% cthanol (90 mL)at . .
= .0 °C 'I'hc addmon was donc m two cqual pornons, wlth thc last half addcd: _
- _‘fconcumntly thh a soluuon of sodmm carbonatc (212 g, 2. 00 mol) in HzO (800 mL) o
i '_'The rcactxon mxxturc ‘was. stm'cd for 35 h at room tcmperature The rcsuhlng'z:’/ .
T grec:pxtatc was collcctcd and washcd thh cold watcr A sccond crop of crystals was ‘ .
L ,‘@‘obtamcd by concentranng, and coohng thc filtmte Thc combmed product was dned at"_. L
A 60°C in vacuo- and mrystalllzed from acctonc/ncxanes to nge 190 g (64%) of 57 o
m. P 129- 131 °C (lit.121 mp 131 132 °C) IR (CHCla) 3306 2960, 1720, 1525, S .
' - 1237 1068 cm 1 1H NMR (CDC13, 80 MHz,) 87. 33 (," e
-‘{'}_’_OCH3) exact mass 148.0483 (148.0483 cale. for CaHgN;04); Anal. Cale. for .~ -
- ‘i.v""‘C4HgN204 c 3244 H 544 N, 1891, Found c 32. 22.H 53N, 19 02.

.":N-Behzyloxycarbonyl nL-a-amlnobutync Acld(59)

- vmmol) was added over. 10 mm to & coolc:d (0 °C) solunon of DL-a-ammobutync acxd} o
s .a. :(2 07 g, 20 l mmol) in 2 N NaOH (30 mL 60 mmol) Thc rcacuon nuxturc was :
i _snmd for 3h, »gashed with ether (2 x35 mL), acidified to pH 2 with 1N HCland

s, 2H, NH).37é(s 6H,



LT .._.thc res:duc was recrysﬁmudfmm cthcrandpeu'olcum ether (30-60)toaffordISSg o
.. “ (29%) of thc N bcnzyloxycarbonyl DJ..-a-anunobutync aﬂd (59), m.p. 72-735 °C!‘
. ,_--__,ammmp 78 79 °C),IR(CHC13) 3320 3100 3030 2970 1718 1529, 1230 698::'»5.-1‘.'; »
- ,‘fé."-.}'_cm-l lH NMR (CDclg, 80 MHz) 3 1047 (s, IH coou), 735 (s,SH, Ph). 6. 35""}_', -
= .. (brs, 02H NH),5‘35 (b'? J= 8 Hz, osn NH) 5 14 (s m CHzO), 438 (m,fj"],}'.,
- IH,CH), 185 (m, 2H, CH), 096, - 7Hz 3H, CHy); exact mass 2371001
- @37.1001 cale fo CiaH1NOy; Angl. Cale. for C12H15N04 C.6075, 1,637 N, o

v,i59o Found c 6091 H, 6.19; N 599,

oo ',f;_N-Benzyloxycarbonyl L_-leucme (60)

Benzyl chlorofonnatc 3. 5 mL 25 mmol) was added to a cooled (O °C) solunonf S

SO of I.fleucmc (2 62 g 200 mmol) in 2 N NaOH (30 mL 60 mmol) Thns rmxturc wasg- . i

.o ,p';'_

':‘_vN-Benzyloxycarbonyl DL. phenylalamne (61)

strrred for 20 mm at 0 °C warmed to room tcmperature for l 5 h and washed wnh - B

ether (2 X 15 mL) Thc aqucous laycr was acldxﬁcd wnh 5 N. HCl and extmcted wah _
cthcr (200 rnL) Jl'hc ether phascs were dned and conccntratcd in vacua o gwc 2 91 g o
' 7(55%) of N- bcnzyloxycgbonyl-vlcucmc (60) as a colorless oxl IR (CHC|3) 3315

;;_:_.-':3100 3030 2960, 1719 1531 1266, 1230, 1050, 697 cm-l 1H NMR. (cocx3, 80
MHz) 5 1032 [ 1H, coom733 (o SH Ph),630(brs 025H NH),S 13 (brs, * B
B 'v 2 75H, NH, CHzO),440(m, 1H, CHCOO), 1.68 (m, 3H, CHCHZ),094 (d J_s o
| Hz 6H CH3), exact mass 265 1317 (265 1314 calc for C14H19N04). A“al Calc forj".
: 35:]’;‘* C14H19NO4 c 6338 H 722 N, 528 Found fol 6. 42 H 7% N, 5. 16 N

o S

DL-PhcnylaIamnc . 30 & 20 Ommol) was tn:ated wuh 2 N sodmm hydroxldc

(30 mL, 60 mmol) and benzylchlorofomlatc (3 5 mL 4 2 r 25 mmol), as descnbed‘ RER

e,

T



T ;_"1 _abovc for thc pteparanonef 60, to gwc 3 52 g (59%) of 61 mp 99 101 %C (ht 175' |
. mp 101 °C); IR (CHGl) 3320, 3100, 3030, 1719, 1518, 1498, 1455, 1259, 1216
19856 698 cml; 1HNMR(CDC13, 300M}~Iz) 5995 G, 11, COOH), 130 (m o, _'
Co *"‘::,'.Ph)7 14 (m, 2H, Ph), 6.24 (br 7 = 851z, O02H,NH), 525 @, 1= 8.5 Hz, 08H, -
_’1':1: NH); . 10 G, 2H CHzO). 470 (dd, J 55 65 Hz, 0.8H, CH), .451 (m, 02H.'
cHy, 319 @, 1=55, 14 Hz, 0.8H, CHHPh) 309 (ad; 7 = 6.5, 14 Hz, 08H,
| . jCHHPh), 2.94 (m 0.4H, CHHPh)\Qct mass 299, 1168 (29.1158 cale. for‘_"" |
© QuyH{yNOy); Anal. Cal. for c,-,H,7N04 c '68.22; H, 5.72; N, 4.68. Found ¢
:;6820}1563 N, 456, | |

Benzyl Carbamate (62) - S ‘ . -
R Bcnzyl chloroformatc (3 0 mL 21 mmol) was addcd to cold (O °C) aqucous “ -
a 3 . ammoma (24N 25 mL 60mmol) Aftcr 20 mm, the rcacnon mxxture was e:&racted _ S
o x\wnth cthcr Thc cr.her was dncd thh MgSO4 and conccntratcd in vacuo to leave a ‘
| ! whxte solld Wthh was washcd w1th petroleum cthcr to glve 0. 64 g (20%) of 62 m p:
85- 86 °C (lit. 171 mp 87: 89 °C) IR (CHC13) 3409 3334 3273 3195 3030 2950 Q
‘ 1688 1609 1446 1404 1073 753 697 le lH NMR (CDC13, 80, MHz) 8732 S
.- '-_.;(s SH Ph), 5 07 (s, ‘ZH CH2), 490 (br S, 2H ‘NHy); cxact mass 151 0634 e
,(151 0634 calc for C8H9N02), Anal Ca]c for CgHgNOz C 63. 56, H 600 N,
":-11)27 Found C°'6361 H588N 904 |

-.3'. o R S . . i
07'1 M

- N-Benz L,-serme \65) from L_-Serme Methyl Ester Hydrochlonde (68)
" The proccdurcs of Hardcggcr et 01128 and Vclluz et a1129 werc adaptedv J

_ ',Chloroform saturated wnh ammoma gas ( 100 mL) was added to a suspcnsxon of L S
B o N scnnc methyl cstcr hydrochlonci(e, (68) (18. 8 g, 0. 121 mol) in CHC13 (100 ml.) bclow» -

: -.-12 °C 'I'hc ncsultmg solutmn was ﬁltcred thnough a Cchtc pad, conccntratcd xn vacuo :




o
. o

o E e

and treated with dasnlled bcnzaldchydc (l l 5 mL 0 113 mol)’and sodmm sulfatc (21 6

| __'_g, 0 152 mol) Thc reacnon xmxtum was stlrrcd 2 h ethcr was added and thc nuxturc ,_ e

e was ﬁltcred and conccntrated in vacuo The rcsxduc was dlssolved in. anhydrous

rncthanol (50 mL) and added to 3. 1 g of 5% palIadmm on charcoal whlch had bccn

E ‘ vprchydrogcnatcd for 1 h at 29 psx Thc mxxturc was snm:d undcr hydrogan (20 p51 ) . -
e v ' for 6 h, and the catalyst was rcmoved by ﬁltrauon through a Ccl:tc pad Saponfxcauon‘ e ;

I~,w1th reﬂuxmg 3 6 N cthanohc potass’fum hydroxrde (75 mL) for 15 mm followcd by
b, . amdxﬁcatxon of thc coolcd so]uhon to pH 5 thh 6 N?}-ICI gavc a prec1p1tate Th:s was

- f; 'ﬁltcrcd and was'hcd w1th ch]oroform to aftord 10 5 g (49%) of N-bcnzyl L- scnnc 65 » |
m’p. 220 °C, [a]57325 = 45. 0° c= 10 6N HCI (ht 176 "\P 1220-222 °C (dec. ), . f o

ht 128 [a]578 +5 1, c =1, 6 N HCl) IR (KBr) 3260 3000; 2820 1642 1593

o ;«1552 1067, 730, 695 cml 1 NMR (0,0, 80 MHz) 8740(s, SH, Ph), 421 (5.
A 2H, CHZN) 388 @& J-45 Hz, IH, CH),3II ©J=45Hz, 2H CH,0); exact *

T mass 195. 0888 (195. 0896 cale. for C10H13NO3) Anal. Calc forCmH13NO3 c |

",61 53 H 671 N, 717 Founa C, 6149 H, 673 N, 729

o "N Benzyl Lserme (65) from L_-Serme and N-Benzyl D_-senne (67) "

from 11 Serme

" The proccdure of Qum et 01130 was uscd Dlstlllcd bcnzaldchydc (10 ! mL

- 99 4 mmol) was addcd 0 L—scnne (105 g 99 9 mmol) in 2 N NaOH (50 mL) Thc ~

solutxon was snrrcd for 40 mm cooled to 4 °C and u'catcd wnth small pomon: of -

| sodmm borohydndc (1.13 g, 29 9 mmol) Sumng was conunued for 1'hat room S

| tcmperaturc aftcr the: addmon was complctc and thc edurc was repcatcd w:th thc

same quantmcs of bcnzaldchydc and sodxum borohydn Thc reactxon mxxturc was L
R | cxtracted with cthcr (115 mL) to remove mpunucs The. aqueous phasc was chllled (4 _
o °C), acxdxﬁed to. pH 6 w:th 1IN HCl and ﬁltcrcd 'Ihc resxdue was recrystalhwd from o]

Tl

o Cse
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e

: "v_,;_‘f__watcrtoglvc695g(%6%) of65 mp 220-222 l,(dec ), [a]573 +56”)§=094 [
. s‘zé* 6 NHCI it V8mp. 220-222 °c (dcc ) m 128 [a1578 - +5.1° c-l éﬁgiél) The |

-spccual propcmes arcxdcnucal' ithosc for 65 above - SR
B ?[‘1]57325

: "),'

3

-?-5 0°

Thc correspondmg b-xsomcr 67 was pr’epared analogougl

, L

Crnd'c N beuzyl L—senne methyl ester (7,0),;(24

| x '-_:prepagauon of‘N bcnzyl ;‘ scrme (65) from L §gﬁne rﬂcthyl ester hydrochlonde (68)
o abovc) o anhydrous at,her & mL) was tmated Avs;h ,HCI gas 128 Rccrysta]hzatxon of the

r{ 578 —-"-l&8 ¢ = L8 absolutc cthanol) IR (KBr) 3338 1746 1550 1079 757
96 cm 1) qHNMR(QiO fOMHz) S 742 (s, SH Ph), 4 30 (s, 2H CH2N) 420

i

405 (m, 3H, CH; CH20),378 (s, 3H, ocy3) MS @B) 210 (MH+) Andl. Cale: |

: fdr g1ﬁ16ClN03 Lol 5377 H, 656 N 570 Found: C, 53 57 H 6.53; N 597

n : o _.:A'Thcprocedure oﬁ Hardcgger et a{ 128, was fol}owcd “N- Benzyl L scnne methyl :
estcf hydrochlondc (71) (25. 1 g, 0. 102 mol) was hcatcd to reflux for 1 h wnh 2.3 M
hydrochlonc ac1d (250 mL) Thc solunon was conccntratcd in vacuo dxlutcd w1th '
. Awatcr (25 mL) and ad_]ustcd to pH 5 thh 2 N L10H to glve a prccnpltatc Fxltranon and

: rccrystalhzanon fnim watcr afforded 13 0 g (65%) of 65 thh spcctral properues

\.a,i.vf,:.xdcnucal to those foi' 65 above; mp 220-222 °C (dCC) [01]57825 =+51,c=1 01 6

ﬂ N

2§ g, 105 mmol) (from the ‘," '

o c:

i ' ircsulung pmcnpxtggc from a,cctone and,éther gave 1 82 g (71%) of the hydrochlondc salt _J
7l m p 139 I4I °C [a]57825 = -10 5 c=17, absolutc cthanol (llt 128 m P 139 °Cs.

- o

L



N Benzyl-N-benzyloxycarbonyl L_-serme (72) and the D_ Isomen; 73

o Bcnzyl chloroformatc (0 45 mL 3 0 mmol) was addcdiropwrsc to a soluugn : :-’f 5-7?
: _’ of N-bcnzyl L senne (65) (0 203 g, l 03 mmol) m 0 23 M potassmm brcarbonatc (l 3

. .me) Thrs solutron was snrrcd for 2 h and washcd wrth cthcr (2 P 20 mL) The

e aqucous phase was acrdlfxcd to pH- 2 wrth 1M HCl and cxtracted wrth CHCl3 (3 X 20

o ’mL) Thc CHCl3 extracts werc dned and conccntrated in vacuo to afford 0 159 g

'Isomer 66 T f S ' &’

,'(47%) of 72 as a colorlcss oil; [a]DZ5-— -24 4° c= 1 3 CHC13. R (CHC13) 3300 | i
3030, 1700 1473 1454 142511245, 698 cml Y NMR (CDC13, 80 M]-lz) 8729:’;7 o
e (s 10H, Ph),578 (brs, 2H COOH OH), 5. 18 (s, 2H PhCHZO) 460 (brs, 2H_b__7
. -.‘CH2N),,425 3 60 (m 3H CHZOH CH) exact mass 329 1264 (329 1263 calc. fot
_.f‘"‘_c,SH,gNos), Anal Calc for c18H,9N05 C, 6564 H, 582 N 425 Found£
’ «-.:_6342 H,5.72Z; N, 4.25.

For thc D_-xsomcr 73 preparcd analogously [a]D25 = +24 3° c= 1 3, CHCl3

v

S

SRR

*e

‘ ' Dxmcthyl azodlcarboxylate (1 70 rnL 15 5 mmol) was addcd dropwrsc toﬂgﬁs
cooled ( -78 °C) solution of dry tnphcnylphosphmc (4.07 g, lS 5 mmol) rn;tpf 'l'l-ll'.;

P

: then smrcd for an addmonal 2 h Thc solvcnt was rcmovcd and the rcsrduc purified by. |
.. ﬂash chromatography on srhca gcl (8¢% hcxancs/cthyl acctatc 65% hcxancs/cthyl,i :
L *acctatc) to afford 334 g (71%) of B~lactonc 64 whrch was rccrystalhzcd from cthcr |
mp 73 74 °C, [.a]D26 =-9.3°,¢'= 1, THF; IR (CHC13) 3030, 1833, 1702, 1247, .~ -
o 1107, 1014 889, 699 cm‘J 'HNMR (CDC 5 80 MHz) 8733 (m, 10H, Ph), 5. 23

A

B .N Benzyl N-benzyloxycarbonyl L-serme B Lactone (64) and the D_ E

J(60 mL) and the resulnng rmxlure was. surrcd for 20 rmn A solutlon of B hydrox}l I, ‘ :
: 'aC‘d 64 (4. 96 g 15. 1 mmol) in dfy THF (130 mL) was addcd over 30 min. -The: o

’ rmxture was snrred for 40 min at-78 °C allowcd to warm to room tcmpcraturc and -



o v"’;‘-“’ ZH Phc”zo)"‘“(dd J s, 65HZ» 1H, CH).458(s, ?I:I CHzN) 423 (m,.',' N
:"'f"{ f‘:ZH CHCHzO) exact mass 311 1157 (3111157 cal. for C18H17N04) Anal Calc -
- ,":'for CmHnN04 C 6944 H 5.50; N 4.50. Found G 69.44; H 549 N, 444,

Thc oomsponding D—lsoma' 66 was prcpared analogously [a]D +9 6° c

‘f'= l THF Thc othcr spectral propcrucs are analogous to. thosc n:’portcd for64 above o ' E

V,Reacuon of Ammoma wnth 64 to form (S) Na-Benzyl NOl

| benzyloxycarbonyl- -sermamlde (76)

":F'j;benzyloxycarbonyl 23 dlammOproplomc Acid (75) and Na-Benzyl N“ S

Ammoma gas was bubblcd through a solutmn of B—iactone 64 (O 103 g 0 3301

R ._' 'mmol) in dry THF (5 mL) at 0 °C for 2 h fol]owed by addmon for 3 h at room
A tcmpcrature Thc rmxturc was stu'rcd for 6 b, thc solvcnt was removcd m vacuo and
| :the rcsxduc was punfred by ﬂash chromatography on sﬂlca gcl (70% cthyl acctate/, E

R vhcxanes 99% cthybacetatc/forrmc acid) to afford 39.7 mg (37%) of arnine 75 and 549 .
R mg (51%) of axmdc 76 as colorlcss oxls For 75: [ot]D25 = -50° c = 0,23, CHC] 3 IR' o

: :(CH2Cl2) 3415 3350, 3030 1701; 1536, 1242, 698 cm*!; 1H NMR (CDCl3, 360

. MHz) 8 7.28 (m, 10H, Ph), 543 s 2H, PhCHZO), 4834 (m, 8H, PhCHN,
e CHCHZNH3) exact mass 328. 1405 310.1078 (328 1423 calc for o} $H20N204,

310, 1079 cale. for C1gH;gNOy). | g
e »For 76: [alp?5 = -53°, c - 044, CHC13, R (CH2C12) 3410, 3340 3200
“'7;,3030 1679 1604, 1495, 1454, 1418, 1365, 1251, 698 eml; lr;».:_"?
| CDC13) 5735 (m, 10H, Ph), 6.2-5.4 (bt m, 2H, NHy), 5.21 g
3.0 (br.m, 6H, CHzN CHCH20H), exact mass 328 1423 284 1‘288 (328 1423 calc.
-for C18H20N204, 284. 1286 calc" for C17H13N03) Anal. Ca]c for C,’3H20N204
"__‘6584 H 614N, 8.53. Found: c 65.72; H, 6.21; N, 8.68

(360 MHz,
3 ‘%gPh), 49-

K]
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F 0 Acetyl-N-benzyl-N-benzyloxycarbonyl-L-serme (77) T _
'_ ~The ﬁ-lactone 64 ©: 109 g O 349 mmol) was added to a soluuon of potassrum jf_‘ Lk .
B ,acetate ©. 241 g, 245 mmol) in DMF (11 mL) and water . 5 rnL) 'I‘ne mtxmre was .

snrred for 70 min, drluted w1th water (3mL), cooIed%o 0 °C and actdrﬁed to pH Z‘Wlth e

' | IN HCI 'I‘ms oOlUthIl was extractcd wrth CH2C12 and the extracts were concentrated S

| "vm vacuo The resrdue was drssolved in O 5 N KHCO3 (5 mL) arid extracted w1th ethyl

~.

L acetate 'I‘he aqueous layer was acrdxfied to pH 2with 1N HCI and extracted wrth cthyl. I

| x ':_acetate This ethyl acetate extract was dncd and concentrated in vacuo to give o. {03 g
o s

(79%) of 77 as a colorless oil; [oz]D26 = —41 8° ¢=11in THF IR’ (CHC13 cast)
/3100 1744 l704 1230 698 cm'l 1H NNIR (CDC13, 200 MHZ) 5 10 39 (br s lH

. COOH), 7.22 (m, 10H, Ph),S 14, 2H PhCH,0), 4.74-4.26 (m, SH, CHN, cu

i*cHZOAc). 182 G, 3H, ooccrr3) MS'(CI) 389 MNH,*: Anal, Calc. foﬂ

cz(,HZINoé c 6468 H, 5.70; N 377 Found chm H,5.70; N, 364

'N-Benzy] N-benzyloxycarbonyl B chloro -L- alamne (78)

Magnesnum chlonde was prepared accordmg to Ashby and Arnott 177

Magnesrum powder (l 98 g, 81 4 mmol) was added toa solutxon of HgC12 (6 86 g, .

25 3 mmol) in dry THF (25 mL) at 0 °C under argon The rmxture was heated to rcﬂux -

. for 2 h in the dark stlrrmg -was d1scontmued and 3.0 mL (3 O mmol) of the:
| ,-supematant MgC12 solutron was added dropwrse over5 rmn to B lactone 64 (O 136 g,A o |

N o 436 mmol) in dry dxethyl ether (20 mL) The rmxture was snrred for 5 h, coolcd (0;‘ e
‘ . " °C), and acrdrﬁed wrth 0. 15 N H34 to pH 3 The drethyl ether phase was separated _

_and the aqueous phase was extracted with dlethyl ether (3 x 15 mL) The eombmed }'

extracts were washed with brme (15 mL), dned and concentrated m vacuo to grve

0. 152 g of pure 78 (quanutauve yreld), [Q]D25 = -7& =1 06 CHC]3, IR (CHCI3)

3100, , 3035, 1709, 1454, 1425, 1242, 698 cm-!, 1HNMR(CDC13, 80MHz) 8850 o



403 Found c 61 82 H, 508 N, 3.99.

'H 4.71; N, 3.44,

o ”-’3‘4'

o (br 5, 11-1, coou), 7*27 (s, IOH Ph), 515 (s 2H PhCHzo),480 (d 5 16Hz |

v ;;-:m CHI-[N), 445, J = 16 Hz, 11,  CHHN), 4.3-3.8 (m; 3H, CH, cyzcn_f‘"’ff .

) MS(FAB) 350, 348 (MH+) Anal. Calc. for\S.‘ngwCLNO,; ¢ 6. .16 H,522 N*

-~

o :__"N-Benzyl-N-benzyloxycarbonyl B- bromo-L_-alamne (‘79)

_, This matcnal was prcpamd accordmg to thc procedurc dcscnbcd abovc for the» :

'chlondc 78. Thc magncsmm brormdc solunon was madc usmg H gBrz (4 54 g, 12. 6

c _mmol) in dry dlcthyl cthcr (12 5 mL) and magncsxum powdcr a 04 8. 42 8 mmol) N
‘,_‘.Thls magncsxum.hrormdc solunon (2 0 mL 20 mmol) was addcd to ﬁ lactonc 64: b .
(. 149 80477 mmol) in dicthyl éther (20 mL) The. mixture was acxdlf’ed WpHI -
‘ ! aftcr 1 hand 0 178 g (95%) of. broxmdc 79 was 1solatcd as dcscnbcd for chlonde 78 .
‘ abovc [(1]1)25 =.-60° c= 028 CHC13, lR (CHC13) 3060 3030 1708 1236 698 k

' m-l 1H NMR (CDCl3, 80 MHz) 8 10 72 (br s, lH COOH) 7.29 (s, lOH Ph),

| "CHHN), a. 27 (m 1H, CH), 3 87 (br d J 7 Hz 2H CHzBr), MS (FAB) 394 392

o (MH+), Anal, Calc for Clgl-llgBrNO4 C, 55.11; H 463 N, 357 Found c, ss 61;

——

' -';'N-Benzyl S benzyl-N-benzyloxycarbonyl L-cysteme (80)

' Bcnzylmcrcaptan (1. 32 g 10 6 mmol) was addcd dropwmc over lO mm to .
. sodxum hydndc (0. 232 g 9. 66 mmol) suspcnded in dry N,N- dunct.hylforma.mydc " o

-/

\‘5 18 G, 2H, PhCHZO),488 4= 16 Hz, lH CHHN),QSO @] = 16 Hz; 1H~”." RE

: (DMF) (10 mL). The solutxon was surred for 1 and a poruon (0.68 mL o 66 mmo])" B

' 'was added over 7 nun to B—lactonc 64 (0. 178 g, 0. 572 mmol) in dry DMF (10 mL) o g
The rcacnon rmxturc was acldxﬁed aftcr 4h thh 0 0s N H3PO4 and extracted wnh" - o o

ethyl acctatc (3 X 25 mL). Thc aqueous laycr was con

, ted in vacu_o and the ,'

."‘ 239 S .‘.Tf.=
; Bt R



'”'“'res1duc was exu'ac‘_."', | te

"phascs wcrc washégiuid

' 'reslduc was punﬁed by.ﬂash chromatography (30% cthyl acctatelhcxanw 99% cthyl -

acctate/accuc acxd) to afford 0. 203 g (81%) of 80 as a colorlcss 011 [a]D -57° é =

o3, CHC, IR (CHC;) 3060, 1706, 1235, 698 emt; H NMR (CDCl, 80 MHz) &
| 988 (brs, 1H, COOH), 7.25 (s, 1SH, Ph), 5.17 (s, 2H, PACH0), 4841 (m, 3H,
L CH2N CH), 348 (br s, 2H SCHzPh), 301 (m 2H CHZSBn),,exact mass{__"}. _'

?L!‘&' A

‘5 Y

"bQ,.f‘"

=t

LR <
O A
S

435, 1495 (435 1504 calc for C25H25N04S), Anal, Calc for C25H25N04S C, 68. 94 T

H 579 N 322 Found C 6864 H 573 N, 330

'. Inner Salt 81) < - .,. i

"i‘ ¥ m CH), 403 (m,‘lH CHCHH), 341 (m lH CHCHH). 2.79 (s, 5.3H,

o

NG-Benzyl-Na—benzyloxycarbonyl B (tnmethylammomo) L alanme, : o

Tnmcthylarmnc ( 1 5 mL 16 mmol) was added to a solunon of [5 lactonc 64

o _ (169 mg, 0 544 mmol) in THF (lO mL) at -78 °C Thc solunon was scalcd, warmcd to"' .
’ "'0 °C and sﬁrred for 8 h Removal of the solvcnt in vacuo prov1dcd a whltc powdcr :

' Whlch was recrystalhzed from mcthanol and cthcr (w:thout hcaung) to give 112 mg_

T (56%) of 81, mp. 116 °C (dec 3 lolp =17 é=0 52, CH;0H; IR (McOH) 1691,

1629,,1250, 1226, 1110, 698 cm-1; 1 NMR (CD3OD 360 MH2) §7.31 (m, 108,

I’h), 5 17 (s 2H CHZO), .490 (m, lH CHHN) 458 (m lH CHHN), 435 (m o

T

N(CH%)3), 2,65 (s,3 7H, N(CH3)3), l3c NMR (CD30D 75.5 MHz) 173 04,

r%aes"lssso 13959f 137 74 13759 130 12 12, 85, 12973 129.62, 12953 .

'»’15%38 1,2916 12896 128 84 71.49, 70 33 69 17, 68.91, 59.53, 59.03, 54.19,
53 76, 53 o1; MS (€D 37 (MH+), Anal, Calc for CZIH26N204 C 68.09; H, 1.07;

%

N 756 Found c 6780 H 703 H, 750 Q BT

S AT i
- r o “5, :.. . 3
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- “lN-Benzyl-N-benzyloxycarbonyl-L—scrine Methyl Ester (82)

‘A solutxon of B-lac{onc 64 (97. 3 mg, O 313 mmol) in dxy THF (10 mL) was -
IR ’added dﬁ?pw:sc over. 6 min to a soluuon of sodmm mcthondc (0 032 mmol) in dry
S v_.,‘mcthanol 5 mL) Aftcr 1h, glac1a1 accuc acld (0 02 mL) was added and thc volumc_ |

- :was rcduced in vacuo . Thc rcsulung 011 was pamoned bctwccn water and CHC13 :

,.’.!;hc orgamc phase was dncd and conccnu'ated in. vacuo Thc rcsxduc was. punﬁcd by R

(m, 3H CH CH20H), 3. 77 (s, 3H OCH3) 365 (br s, IH OH), exact mass
343 1421 284. 1283 (343 1420 284 1286‘ ca]c for C19H21N05 and C17H18NO3

" mspcctwcly) . B

N-Benzyl-N-benzyloxycarbonyl L,-a ammobutyrlc Acld (83) _
Mcthy]htluum (1. i3 M in ether, 1 90 mL 2. 72 mmal)}was addcd dropwxsc to a

i complcx (295 mg, 1 43
| mmol) in dry THF (3 mL). This mixture was wanned to%

3,

. orgamc solvcnts were removed invacuo , the rcsndue was ﬁltcred, and the ﬁltrate was o

. extractcd with cthyl acctatc (%0 mL) Thc exlracts wcrc washed w1th bnnc (10 mL)

- dried, and concentramd invacuo . Thc resxduc was punﬁcd by ﬂash chromatography :
- (chloroform; 95% ohlorofonn/mcthanol) to afford 93.5 mg (70%) of83 [a]D -

; 37° c :049 CHC13. IR (CHCI-_;) 3100 3030, 2965 1705 1247 1081 954, 698

rsnmd for 20 min, and- k )
 then cooled to -45°C. ‘A solution of B- lactone 64 (126 mg, 0.406 mmol).in dry THF R

/. _ e ﬂash chromatography (80% hexancs/cthyl acctate 50% hcxancs/cthyl acetate) to glve:_.. o :
95\1 mg (88%) of cstcr 82 as a cofbrlcss 011 [a]D26 = _23., =034 CHC13, IR S |

. (CHC13 cast) 3470 3035 2950 1744 1702 1235 701 cm -1, IHNMR (CDC13, 80 S

.M}Iz) 8728 (m, 10H, Ph), 528 (s, 2H, CHZOCO), 461 (s, 2H CH;N), 45 3 8 ,‘ v

(4 mL) was added dropwnsc ovcr 8 min to thc famtly ycllow coloncd cupratc solunon, '." L
Thc rmxture was stm*cd 25hat -45 °C and was then acxdxﬁed thh 1 N HCl Thc“



B i _;’ L acctatc/accuc acxd)toafford lOSmg (5%) of thc kctonc 84 and an '-

= .3\

N-Benzyl N-benzyloxycarbonyl L,-a-agnmobutyrlc Acrd (83) and (S)-N- . o

& was complete 125 Thc tcmpcraturc ‘was thcn brougﬁt to -78 °C and a solutron of B-

o

x resxdue was punﬁcd by ﬂash chromatography (50% h“eﬂs/eth

. s
M T . .
NS :

Y

i ,—.
i .

cm 1 1H NMR (CDC13, 80 MHz) 5 10 38 (br s lH, OH), 7 32 (s, IOH Ph) 5.22 (s

2H CH20) 485410 (m, 3H, CH CHZN) 192 (m, 2H CHZCH3),081 (t,J =7 IR

Hz 3H CH3) cxact mass 327 1469 (3b7 1471 calc for C19H21NO4)

; . "' ‘ :

: Benzyl-N-benzyloxycarbonyl 3-amino-4-’hydroxybutanone (84) usmg
- % . .
Cuprous Cyamde and Methylhthlum o , ,' .
' Cuprous cyamde (O 105 g, 1. 17 mmo]) and dry 'I‘HF (2 mL) were coolcd 0 -

' 78 °C under argon Mcthyllrthmrn ( 1 05 M in cthcr 1.90 mL 2 00 mmol) was addcd

dropwxsc over 5 mm and they xturc was allowcd to warm slow1y Just unnl solution - '

0

'.‘. »

, ] C‘; 99% cthyl :

s e

propcntcs of 83 wcrc 1dcnucal to thosc rcponcd abovc _ L :
o FOr compound84 IR(CHC13) 3450 3030 2950 1697 1238 1127 700 cm'.

o

1 lH NMR (CDC13, 200 MHz) 5 7. 30 (m IOH Ph), 5 20 (m, 2H PhCHzO), 4 56 ' |
(m 2H PhCHzN), 4 12 (m, 1H, CH), 3 8- 3 4 (m 2H CH20), 3. 26 (br s. 06H e

. OH), 2.36 (br s, 0.4H, OH), 2.00 (s, 1.8H, CH3),174(s 12H, CH3),MS(CI)328 B
© (MH"); Anal. Calc. for C19H21N04 C, 69.71; H, 647, N, 428 M?S a

H 642 N, 408



| 74.11; H, 603, H,3.36.

N-lignzyl-N-benzyloxycarbonyl L‘enylalamne (85) from |

S Phenyhnagnesium Bromide : L o S : T
. Asolution ofbromobM . OmL, a mmol) in dryTHF(ZS ml) was added‘i .
' 1dropw1sc to a suspeﬁ!!m Bf Mg mmmgs (l 96 g, 80 6 mmol) in, THF (50 mL) Thc O

; | dxmcthylsulﬁdc complcx (197 mg, 0 957 mmol) and dxmcthyl sulﬁde (0 20 mL) m“. | -
s THF (5 mL) The rmxture was snn'od for2h and a soluuon of B—lactone 64 (120 mg,' el
o 384 mmol) in THF (€] mL) was addcd dnopwxsc ’I‘he pH was brought 02 thh 1 N -

- ,:'»H3PO4 aftcr an. addmonal 4h. Thc rcsulung precxpxtatc was ﬁltcred thc ﬁltratc was '1 T

' conccntratcd in vacuo and thc rcsxduc was cxtractcd w1th cthyl acetatc (4 x 12 mL) L

| }fmxxturc was surred for 45 rmn and an alxquot was ntrated w1th mcnthol andf; ‘ |
I'phcnanthrolme 168 'I’}us Gngnard reagcnt (0527M 355 mL, 187 mmol) Was%dded“f'i " S

B _‘ : dropwxsc ovcr 10 mm to a coolcd ( 12 °C) suspcns:on of copper (I) bromlde- R

. The cxuacts were dnod, conocntrated in vacuo " ,and punﬁcd by ﬂash chromatography e .]' .

- (hcxancs 98% cthyl acctatc/accuc acxd) followcd by rcvcrse phasc MPLC (60%

CH3CN/HzO) to afford 24. 6 mg (17%) of blphcnyl and 89. 5 mg (60%) of-ac1d 85

~ For blphcnyl mp 68- 709c (m 178 m.p. 69- 71 °C); R (CHC13) 3030 1569 o

,'-1429 1343, 902, 729, 697 cm'l; 1HNMR(CDC13, 80 MHz) 5752 2 m, Ph) exact
o mass 154 0786 (1540783 cale. forC,zHlo) . o '

i_ Foracxd85 [a]D =-107,c = 059, CHC13, IR(CHC13) 3100 3025 2940“"

,'.:'"'1706 1238, 1123 986 750 698 cml; IHNMR(CDCI;;, 80 MHz) 8995 (rs. IH |

o ""3 32 (br d,J=6 Hz, 2H, CHzPh) exact mass 389 1631 (389 1627 calc. for;‘ B
’_C24H23N04) Anal. Calc for c241123no4 c, 74 02; H%9s N, 360 Found (o



i

o Phenylhthmm and Cuprous Cy' de w:th 64

’

V3

0485 mmol) 1n THF (6 mL) was added dropwxsc ovcr 10 mm to the cold ( 78 °C) _
E cuprate soll.ﬁon 'l'hc nuxturc was stm'ed for l h. at -78 °C and thc solutmn was |

B allowcd to warm to 15 °C ovcr 3 h It was then acxdxﬁed thc orgamc solvcnts wcrc

o (90% hexancs/ethyl acctatc 99% cthyl acctatc/acctxc acxd) afforded 47 9 mg (25%) of
Lo 85 as an oxl Thls matcnal had spcctral and chromatogtaphnc propcmcs ldcnncal to

| .';4N-Benzyl-N-benzyloxycarbonyl 2-ammo-1 hydroxyheptan-3 one (87)

- ‘The cupratc, (n Bulzgn(CN)sz, was formcd from CuCN (O 101. g, 1. 13

- mmol) in THF 32 mL) and n-BuLx 1.2 M in hexanes/1.6 mL 1.9 mmol) by a
o proccdurc analogous to that dcscnbcd abovc for MozCu(CN)le A solunon of B

o .'.lactonc 64 (O 171 g, 0 548 mmol) in THF (3 3 mL) was addcd dropwxsc ovcr 5 mm to

) wanned to 4&5 °C and allowed to slowly rcach -36 °C over l h. Thc reactxon nuxturc

| was acnd:ﬁcd w1th O 5 N HCl and ﬁltcred The orgamc solvcnts wcrc remoycd in

- laycr was snrmd thh a saturatod cthylc;nedxanunetcu'aacctxc acxd (EDTA) soluuon (8
. mL), washed walUp]nne (10 mL), dried, and condcntrated m vacuo to glvc an oﬂ

X

N

3_ ‘Z_N Benzyl-N-benzyloxycarbonyl L phenylalanme (85) from Renctlon of
;’(2 14 M in 70% cyclohcxanc/cther, 0, 70 mL 1 5 mmol) Thc B lactonc 54 (151 mg,

L | _ ._removcd in vacuo and the rcsxduc was ﬁltcrcd Thc ﬁltrau: was cxtracted w:th cthcr SR

i '(35 mL), dncd, and conccntrﬁcd in vacuo Punﬁcauon by ﬂash chrpmatography :

"N Benzyl-NJbenzyloxycarbonyl L a-ammoheptanonc Acnd (86) and (S)~

"_thc cold (- 78 °C) cupratc solutwn ’I'hc mxxture was stured for. 40 nun at -78 °C y SR "‘

' vacuo from thc ﬁltratc and the msxduc was cxtracted wnh cthcr (40 mL) The cthcr '

s
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wmch Was ' ypunﬁed by ﬂash'chrom:o on s111ca gel (50% hexanes/ethyl R
gm / hyl

L -mtc 99% ethyl acetate/aeeuc acrd) Fracﬁons contammg 86 and 87 were punfied byﬁ Ui

:"‘-:;_(5%) of ketone 87

B ) 26 (m, IOH, Ph), 5.18 (s, 3H, CH,0), 4.64 (m, 1H), ,45 4.15.(m, 7H, CHzN),, »éff .

" ‘:“'-":_reverse-'phaseMPLC(ﬁs% CH3CN/Hz())tog1ve 154mg (76%) ofae1d86and mg

g

R

S For ac1d86 [a]D _;-32° c 052 CHCI EE 13 (CHCl;) 3100"3030 2956
‘{.1706 1235 uoo 698 cml IHNMR(CDC13, ZOOMHz) 8984(brs, lH COOH),

T

1_;‘_,:; ‘91 (m lH), 174 (m m), 1 11 (m, 6H, CHz), 0.78. (m, 3H CH{;) exact masa‘" x

o 369 193 .;;:(369 1940 calc for C22H27N04). Anal Calc for C221“1271‘104 C 71 52 H R

737, N, 379, Found: €, 71.30; H, 743N, 355

'IR(CHC13) 3440, 3030, 2955 1700, 1233 1125, 699 eml;

ey For ketone 87:
*.;fm NMR (chh,' 300MHz) 5 7. 34 (m; 10H Ph), 520 (m 2H Phcyzo), 453 (m. o

‘2H CH2N),~4 11 (m lH CH) 3.8 35 (m, 2H cuzog,sn(\mom OH), 225 s
G 2, ‘CH,C0), 185 (m, 04H, OH), 140 (m 1H,.CHH), 117 (m, 2H, CHy, *
S Lo (m 1H, CHH),077 (m, 3H, Cl-l3) exact mass 369 1943, 284 1286 (369.1940

C calc for C22H27NO4, 284, 1286 calc for M+-c5H90) Anal Calc for C22H27NO4 -

| C 7l 52 H 737 N 379 Found C 7l 52 H 728 N 367

b

_ . "(S)-N-Benzyl-N-benzyloxycarbonyl 2-am|no~4 methyl hexano:c ACId
B (88) and Benzyl N-Benzyl Carbamate (89) /) IRy e
' The cuprate (sec-Bu)ZCn(CN)le, was prepared as descnbed for

R MeZCu(CN)sz above from CuCN (83 1 mg, 0 928 mmol) in THF (2 3 mL) and sec- a

i butylht}uum (1 4 M in cyclohexane, 1.25 mL 1 7 mmol) The B—lacbone 64 (123 m
L ‘0396mmol)m'IHF(7mL)wasaddeddropw1se over4xmntotheoold(~78 °C) " |
. cuprate solunon The soluuon was stured for 20 min at -78 °C 70 mm at -45 °C and ! |

B h at 18 °C before quenchmg wnh l N HC] The orgamc solvents were removed in_ .:,



Lo ,:.vacuo Thc msxdue was filtered and ext:racted wnh et.her (35 mL). ,The cxtracts f o

B “.f‘dn°d’°°"°°“"a‘°d”"’“c“0 féSmL,and washed thhasatumtedEDTA soluuon (3‘;' e

E 'mL) The cther phase was conccmrated in vacuo and t.he resxdue was punﬁed by
e chromatography on rcverse-phasc MPLC (70% CH3CN/H20) Ftactnons commmng“' |

S _‘_'88 wcre punﬁcd furthcr usmg flash chromatography (50% hcxanes/cthyl acctatc 99%V

. 'ethyl acctatclaccuc acxd) to afford 4. o mg (4%) of89 and- 110 mg (76%) of purc 88 as
~ anoil. For 89: mp. 59:61°C (it mp, 60 °C); IR (CHClp) 3325, 1690, 1532, .
"' '_1454 1268 1140 748 697 cml IHNMR (CDC13, 360 MHz) 5734(m 10H, .
"._'Ph), s. 15 (s, 2H CHZO) 5. lO’(br s, m NH),438 (d )= 6Hz 2H CHZN) exact.
mass 241 1103 (241 1102 calc. forc,,HlsNoz) i j RV
 For 88: (o] _=-38° c =047, CHCl;: R (CHC13)3100 3035 2962, 1705;'",

1, 112,975, 698 cmil; 1HNMR(CDC13,4OOMH:) 8960(brs T, cooH),';fffi‘_"
- 7.26 (m; 10H, Ph), .18 (5, 2H, CH30), 4.7-4.4 (m; 31, CH, CHzN), 2014 m

oM, cychm, 14084 (m 3H, CHCH3, CHZCH3)084«O 59 (m 6H; CH3)
" 'cxact mass 369. 1938 (369. 1940 calc for C22H27N04) Anal Calc for C22H27N04
SR ok 7152H737N379FoundC7132H742N370 ’

Reachon of tert-Butylllthnum wnth 64 to form (S)-N-Benzyl-!\é{

| | ,(92)

o _rmnol)m‘I'HF(3mL) 'I‘henuxturcwassnn'edforwnunat-78°Cand

'benzyloxycarbonyl 2- ammo-4 4-d|methylpentanmc Amd (90), Benzyl |
B 'N-Benzyl Carbamate (89) and N-Benzyl-N-benzyloxycarbonyl-L alanme

Tert-Butylhthmm (2.0 mL 3.0 mmol 1 5 Mi in pentanc) was‘added toa coolcd
: '( 78 °C) suspensxon of coppcr (I) bromxdc-dxmcthylsulﬁdc complcx (0. 340 g, 1. 66




vacuo' and thc rcs1duc was cxtracted wath cthyl acctatc (3 X lO mL) The cxtracts WCI'C o

B dncd conccntrated in vacuo and punﬁedby ﬂasb chromatography (75 hq,\ares/cthyl -

J h and thcn was: ac1d1ﬁcd wnh 1 N HCl and ﬁltcred Thc filtratc was concentmtcd n -. Bt

j :idcnvan G 92

»«-#Jw Q‘?‘

acctatc, 98% z:thyl acctatc/accnc acld) Fracnons contalmng 90 and 92 were thcn’gv’ "‘ - |
punﬁed usmg rcvcrsc-phasc MPLC (60% CH3CN/I~120) to afford 7l 9 mg (51%) of o

.

For90 mp ‘114- 116°G [a]D25——324° c#10, CHC13,IR(CHC13)3100'. |

N thc desucd amd 90 16 9 mg (18%) of urethane 89 and 27 0 mg (23%) of a]amne o

= 3030 2957, 1706, 1367, 1244, uzo 962 698 cm-l 1H NMR (CDC13, 80 MHz) 5

o BuCHH), 0. 82 (s 9H, CH3), exact mass 369 1938 (369 1940 ca]c for C22H27NO4)

S ;_'.,-'Anal Calc ‘for C22H27NO4 c 1. 52; H 737 N, 379 Found 8, 7125 H 731

,' [ : L. . '.‘. - . - Lo o " N 'v‘ . ) o .
 es T N\ - o ‘, . . ) . S . ‘
. —.ﬁ’ ‘NJ\,S“ PR D . A . - N

N34 N N

%

Compound 89 posscssed spectral ancl chromatographlc propemes 1dent1ca] to R
.,thoscdcscnbedabove M R ,’ o v [ ‘
" For 92 [a]D25 =' -29" c= 038 CHC13, IR(CHCly) 3100 3030 2942 1704 o
“1260 1213 1070, 1015,.698 cm'l 1H NMR (CPC13, 80 M]-Iz) 8 8. 75 (br s, lH " T
B COOH),727 (s IOH Ph),522 (s ZH CH{O),49 42(m, 3H CHzN CH) 137 o
- ‘~‘;(d I= 7Hz 3H CH3) exact mass 313 1311 (313 1314 calc. for C18H19N04)

I

) o e . .. i
" "(S)-N Benzyl-N-benzyloxyCarbonyl 2qammo 4 4 dmgethyl’pentanonc
_"Acad (90), Benzth-Benzyl Carhamate (89) and N-Benz&l- e

J ' .- TR
. . . ¢ . ' . v
‘e ! . . ) L B { . ‘
- . ’ . - ,' ’ Q : ! ’ . . : ' .“ »; - " a‘ .
o -i.j. ; ) 3 o e S
- - >, ;' S 59
- / ” .

1020 (br 5, 1H, coom,73o (s, IOH Ph),522 (s, 2H, CHZO) 4.74-427 (31,
CHN, CH),208 (dd,J =5, 14 Hz, 1H t—BuCHH),IGO (dd J=514Hz, 1H, ¢

. ] rn. P



: ../ . .

B benzyloxyi?arbonyl-l,,-alamne (92) from Reactlon of Guprous Cyanide
‘and tert-Butylllthmm thh 64 : o

o MeZCu(CN)sz from CuCN (68.751
m pcntanc, 1 O mL 1 38 mmol)

and punfxcd by flash chroma

FR ‘_'wcre 1dcnt1ca1 9thoscd&scnbed abovc ;{'. '- R S _f _

, , mg (84%) of cstcr 95 as an 011 [a]

o4 7

'ic cupratc (t—Bu)2Cu(CN)L1 - 'éparcd as dcscnbcd abovc for".' |

‘ mL) -was mtmduccd dropmsc to thc cold (- 78 °Q cupratc solunon Tlus mlxture was

stu'redfquhat 78 °C lhat-45 °C,and30mmat 15 °C Thcnuxturcwas acxd:ﬁcd :

. o with 1 N HCl and conccntrated m vacuo The msxduc was ﬁltcred and thc filtratc was R

.cxtracted w1tl“ ethcr (4 X 7 mL) Thc ether exlract was dncd conccntratcd in ygcuo .

. _.(14%) of i unpurc 92 The chmmatographlc and spectral propcrtxes of thcse compounds R

BT

B (S) Methyl N-Benzyl-N-benzyloxytarbonyl 2. ammobutanoate (95) : S
| To a crude samplc of 83 (79 S mg, 0. 243 7mmol) in cthcr (5 mL) was addcd an | ‘. _ R

" ethcral solutxon of dlazomethane untll a ycllow color pers1stcd Evaporatmn of thc; ———

solvent followcd by ﬂash chromat

9.7%, ¢ = 059, CHC13,IR(CHCJ3) 3025,

2942, 1742, 1703 1250, 1210 1135,;;1080 698 cml; 1Hm<cnc13, 200 MH?) 5;"7-;»
" 728 (m, 10H, Ph),519 s, 2H, CH,0), 4.56.(m, 2.6H, CHN, CH),414 m 04
H, {2«15), 356 (s, 16H OCH3), 341 (s, 1.4H, ocn3), 1.97 (m, m cmgcm), _,
178 (m; 1H, CHHCH3),083 (m, 38, CH3), exact'mass 341.1623 (341 1627 cale.
,_"'for C20H23N04) Anal Calc for C20H23NO4 ¢ 70 36 H, 679 H 4 10 Found c

7066 H 694 N 410

K ———le

. L R

0. 767 mmol), THF ¢ mL) and #-BuLi (1. 38 Mo
he ﬂ 1actonc01(126 mg, 0404 mmol) in 'I'HF (2 - o

:aphy (70% hexancs/cthyl acctatc, 99% ethyl L

phy 80% hcxancs/cthyl acctatc) affordcd 67. 0 R



Reachon of 64 w1th Organocenum Reagents to glve (S) N-Benzyl-N- o
. benzyloxycarbonyl 2-ammo-4-hydroxybutanb1n\(\4) and (S)-N-Benzyl- -

e -.,;',,N.benzyloxycarbo‘njl 2-ammo-3 methylbutan 1,3 dlol (96)

Thc organoccnu:ﬁ régcnt was prcparcd accordmg tO thc Procedunc of Imamoto." .

: et aI 152 CommcncaI ccnu;n chlonde hcptahydratc (. 155 g, O 416 mmol) was dned at’; - o

_ 135 °C m vacuo (O 05 mmHg) for 2 h. Upon coohng m ,-oom tcmpcratur/c {nh "

E ‘ _fsurrmg undcr Ar THF (5 mL) was added -The rcsultmg Suspcnsmn was. surkd for 21 o

- h and thcn coolcd to -78 °C. Mcthylhthmm ( 1. 2 M in cther 0. 35 mL 0 42 mmol) was

" ‘;.addcd dropwxsc Thc ycllow rmxturc was snrred for 35 rmn a.nd a solutmn of B-lactonc, '_f S

’,.--164 (98 5 mg, 0. 316 mmol) in THF @3 mL) was addcd dropmse Thc mixture was
".'3}."_, warmcd aftcr 3 5 h to 20 °C and ac1d1ﬁcd to pH l 5 wu.h 1. NWCI Thc rmxture was - : ;
o j;,fconcentratcd in vacuo-. The rcs:duc was extractcd wlth dThcr (3 x q? mL) dﬂCd i

"- mg (1 1%) of84 and 204mg (19%) 0f96

S '." those desnbcd above

‘j".‘v-‘_conccntrated in vacuo and punflgd by ﬂash chromatography (65% hexancs/ethyl e  ' |
R vacetatc ethyl acctatc) to afford 55 9 mg (57%) of rccovcrcd startmg matcnal (64), 11 3. L

Compound 84 posscssed spcctral and chromatographnc propcmes 1dcnt1cal to»_

For96 [a]D_ -29° ¢- 020 CHCl 3 IR (CHCl3) 3410 2970 1672 1499 S

1477 1347 1236 1144 1116 1050 698cm1 IHNMR(CDC13, 200MHz) 5735 R
'(m lOH Ph), 5;9 (d J = 12 Hz mfperHHO), 521 @ ] - 12 Hz, mj- s

B _.'PhCHHO), 466 «, 1= 14 Hz, lH PhCHHN),458¢(d”"J- 1#Hz, 1H, PhCHHN)

405 (m, 2H, CHCHz), 332 (br s, 083, OH), 205 (or s, 0.83H, OH) 1.79 (s,l;

~ .034H, OH), 124 (5, 34, cu3)o97 s, QH§H3) MS (C1) 344 (MH<*) Anal Calc
»"forczonzsno‘, c 6995 H, 734N, 408, Found c 6995 H 739N, 375,

\»"“



A jv 'mL) was prehydrogcnatcd for 35 rmn at: atmosphcnc prcssur& TO thxs was. 8dd°d a

A(S) 2- Ammobutano:c Acxd (97) ST R S
A suspcnsmn of 10% palladmm on charcoal (0 189 g) m lsopropyl a]cohol (7 )

B _ solutxon of 83 (O 127 8. 0. 388 mmol), 1sopropyl alcohol (6 mL), cthyl ether (3 mL)A LT

e and 1N HCl (0 80 mL) Thc mxxtunc was stn‘md undcr onc atmosphcrc of hydrogcn-

S - for 9 h and was ﬁltcrcd through a Cchtc pari Thc solvcnt was removcd in vacuo and ©

S an aqucous solunon of thc rcslduc was apphcd t0 an wn cxchangc column (AGSOW

i X8 50 100 mesh \H* form, 13 mL bed volumc) Elutwn w1th 2% aqucous ammohxa

o followcd by lyophnhzanon gavc 39.6 m‘(99%) of 97; mp“260 (dec. ), [d]D g .

_-_;_[_‘+6 4° c,= 1.0, Hzo (1it.178, mp. 270-280 °C, lalp = 94%, ¢ = 4, H,0, ( )171 )

o ,[a]D =47.7%c= 10, Hzolso),h(KBr) 3020 2975, 1605, 1584 15{7 f{:i"?‘,;rﬁ -

.f(Dzo 300MHz) 8372(;,1 SSHz m cm 192(,., m “,Hz).'»'"-'
,_*7 i

11 of 85 mg of 10% palladlum on charcoal in Jsgpmpyl alcohol (3 mL) o
-~ was prckydrogcnated for 2 h at atmosphcnc pressunc To lhlS was added a solutxon of

,;_85 (36 mg, 0 092 mmol), 1sopropyl alcohol (5 mL), cthyl cthcr (1 mL), and 1 N HC] ‘_ |

| "(0 21 mL) Thc mixture was stmcd for 7 h undcr on\atmosphcrc of hydrogcn and X
- was thcn ﬁltcrcd The solvent was xvcmoved in vacuo lon cxchange chromatography" "
| :(15 mL bed volumc) and lyopluhzatnon, as dcscnbed for 97 above, afforded 12 '{Ig : a
e (79%) of 98 thh chromatographlc propcmcs 1dcnt1cal to authcnnc L-phcnylalamnc,'
- _'rnp 250 °C (dcc ) (ht 171 mp. 270—275 °C (dcc) [a]DZ-" = -22 0°%¢c = 0 49 H20
(lit. 178 [a]D = -35.1°, c<l. 94 HZO) m (KBr) 3023 3ooo 1612 1586 1soo "

- 1402, 742 698 cml; IHNMR(DzO 400MHz) 5 740 (m, su Ph),400(dd J-‘ S

' .50 80Hz, lH CH),330(dd 1=50, 145Hz 1H, CHH),3I3 (dd,J-SO S




..)A> .

145 ﬁz, lH CHH) 13CNMR(D20 lOO6MHz) E 175.0, 1365 1307 1304

| .-1288 564 36.7; MS (FAB) 166(MH+) e

| ‘.:':'L(S) 2- Ammo-4 4- dlmethylpentanmc Acld (99) | - .
. : Asoluuon of90(0 158 g,0428 mmol) lsopropyl alcohol 6 rﬁ:) cthyl cther o
(3 mL) and 1 N: HCl (0 9 mL) was addcd to 0. 36 g of 10% palladlum on charcoal .

| ' _w}uch had bccn prchydrogcnawd for 1hin 1sopropy1 aIcohol (7 mL) Thc rmxture was

L fsmrcd under 1 atm of hydrogcn for lO h ﬁltcrcd and thc so]vcnt was rcmoved in

-

' f,'jvacuo The rcsxduc was applxcd asa watcr/mcthyl alcohol (9 1) soluhon to an ion .

‘ _,cxchangc column ?AGSOW X&} 50 100 mcsh H+ form, 12 mL bed volume)and cluted , | '

| ”'w1th 2% aqucous ammoma followcd by 1yophil12at1qn 0 g1vc 62 mg (quanmauvc le]d) '

: f-_‘of99 mp 254 °c (dec) [a]D25—,-113° ¢ =1, H,0, [a] 25 —4156° c=11,

T glacxal accnc ac1d (ht4 mp 260 °C, [(111323 =-'12 6°, j-— 1, Hzo [a]D = *14 7
| :"..v':f;:."acct1c acid, 181 fo 525 = +163 & = 12, glacial accnc acxd’sz) IR (KBr) 3000, 2957,
e 4.2140 1658, 1622, 1,577 1515 %0 1276, 1153 cml lHNMR (CD30D 400

E MHz) 8343(dd 1=46,7.3 Hz, 1H, CH); 1.95 (dd, I = 4.6, 146Hz 1H, CHH),

_ l 45 (dd J 73 14. 6 Hz lH,CHH) 0 89 (s, 9H CH3), MS (FAB) 146 (MH*)

’._ 4\

o Preparatlon of (2 R) Methyl ([(lS 4R) 4 7,7 -Tnmethyl 3 -0X0- 2- _' _ ‘_ o

” ::..'oxabncyclo[22 1. ]heptane l-carbonyl]ammo)butanoate (103‘) and .
-" Denvahves 100 102 and 104 L S

Thc pnocedure of Armarcgo et a1155 was adopted In a typ’xcal cxpcnmcm D a’
| amuiobutync acxd (106) (0 206 g, 2.00 mmol) m 2 M NaOH (1 mL) was added to a. |

o cooled (O °C) solutxon of (- )-camphanoyl ch]ondc (0.651 g, 3 00 mmol) in tolucnc (1 5-: .
L mL): followed by l mL of 3 M NaOH The xmxture was stm'ed at room tempcmture for o
_'; 3 h w:th pcnodnc addmon of 2 M NaOH to keep the pH above 7. The soluuon was_ i E



‘ 77.- ‘ 4

o . washcd wnh dxcthromcthanc s mL) Thc aqueous phase was acxdlﬁcd to pH l wnth g
M HCl and was thcn cxtractcd wuh dxchloromcthanc (4 x5 mL) Tht;se cxtracts wcrc e o
,j:dncd and conccntratcd m vacuo 'I'hc rcslduc was dlssolvcd m cthcr (12 mL) and an . .
| 'etheral solutton of dlazomethan; was addcd until a- ycllow color pemsted Evaporanon | -
. v._of the solvent in vacuo and punﬁcauon of the nesxduc by ﬂash chromatography (80%, | | ;
S ‘hexanes/cthyl acetatc 60% hcxancs/cthyl acctatc) gavc 0. 508 g, (86%) of 103 asa R
‘ | color]ess 011 'I'he (2 S) and (2’RS) 1somers, 102 and 104 were preparcd sumlarly
@ For103: [a]D25 = -138,c=1 .06, CHC13, R (CHCI3) 3415 3360 2960,
. _i 1793 1745 1676 1527 1267 1212 ll78 1169 1125 1061 cm'l 1H NMR'}:.‘.
’ -(C@DG, 300MHz) ) 675 (brd 1=15 Hz IH NH), 4.59 (m IH CH), 322 (s,
'.-‘_'-},3H OCH3), 2"35 (m IH H- 6' cndo), 164 (m 2}! CH}),wl 4- 1 15 (m 3H CHz._z' -
H-6' cxo), 099 (s 3H CH3) 0.85 (s,.6H CH3), 066 (t ] = 75 Hz 3H
_CH2CH3), 13C NMR (C6D6, 75 5 MHz) 6 177 30, 171 98 167 26 92 14 55 21 o
53. 96 53 34 51 .60, 30 61 28 97 24 99 16.57, 16 53 990 975 cxact mass 3
T 2971580 @97. 1576 calc. for C15H23N05) Anal. Calc for C15H23N05 C, 6059 H,
.’-:780N4‘11 FoundC6069H778N472 L ’
“ - For 102 prbpared from anthennc L—a-anunobutync acnd (105) m. p 74 76 °C. o
L ’: f"[a] 25 -;‘-1(%5 C= ﬁ 08, CHCI3 'I'he spccu:al propcrtlcs arc conststcnt w1th thosc.' R
. ,. . '. reporlcd above. "". o ’ R . Lo “f;- S \ g /'
o For 104'from authcntlc DL a-ammobutync acxd (10‘7) the spcctral propcrucs A
. -are. consxst;nt w:th thosb vcpqrtcd abovc ' ’

L ."fsthca gcl chromatography but was du'ectly analyzcd by gas chromatograﬂy (150 °C l '_ ' ‘._(
mm, 5 °C/mm t6 240 °C 8 5 pﬁl) Tablc 3 summanzes thc n:sults T e :



N [(lS 4R) (4 7 7-Tr|methyl 3-oxo 2-oxab|cyclo[2 2 l ]heptane l )

! ,"Fcarbonyl]-phenylalanlne Methyl Ester (108) and 2 S Isomer 101

o Thc procodurc of Armancgo et 01155 was followed as dcscnbcd for 103 abovc SR

, ‘-'701 N 3.90; Found c 66.47; H, 711 N, 389

e A sd:nplc of arruno acxd 98 obtalncd from hydrogcnanon of 85 was trcated in
o "j;.thc samc manncr to afford a sampie of the 2 S 1somer 101 1H NMR (CDC13, 300-'

S '4-7"’,'r"_€HHPh), 301 (dd J 85 14 Hz, lH CHHPh) 245 (m, lH H-6 cndo), 1. 9Q(m
" m §ﬁﬂﬂ) 1.66-(um, lH CHH), 107 (s, 3H, CH3), 1.01 (s 3H; ‘CH>), 06l (s 7 ._y
: 3H CH3) ’I'hc IR and mass spcctral data an: 1dcnncal to thosc rcported abovc The4 R

, stcroochcnncal punty of thxs compound was detcrrmncd by gas chromatography (170‘_

| o °C 5 °C/mm to, 2407‘5& 240 °C 10 mm, 85psx) Thc rcsults arcsummanzcmeable;. -

to. acylat& a mxxturc ot? D-phcnylalamne (0 209 g, 1 27 mmol) and L-phcnylalanme' S |
- ,1(0 100 g. 0 61 mmol) wnh (-)-camphanoyl chlondc (0 600 g 2. 77 mmol) followcd by - - o
_'cstcnflcatmn wuh dxazomcthanc Punﬁcatlon oy ﬂash chromﬁatography (90%,‘ .

A'__J'_',.;hexancs/ct.hyl acctale 60% hcxancs/cthyl acctate) gave 0. 519 g (77%) of 108 IR |
'(CHC13) 3400 3360 3025 2960 1789 1745 1675 1526 1265 1219 1176 1168 S

. 1122,1059, 747, 699cm-1 1HNMR(CDC13, 300 an) 87’27 (m, 3H, Ph), 1. 15 | :
L (my 24, Ph), 681 (brd J= ssn;,ﬁbNH), 491 (m, lH CH),,373 and 372 -
| ,"‘(2s 3H, ocns), .22 (dd, Y = 55 14Hz 1H, CHHPh), 304 (m, lH CHHPh), ‘-
) 2\«\42 (m, lH H 6' cndo), 197-16 (m 3H 512,” 6 cxo), 109 107 106 (3s,
SH CH3), 101 (s, IH CH3), 0 88 (s, 2_ "__:CH3), 0451 (s, lH CH3), exact mass

) 1729 (359 1733 calc for czoxizsNog) da al. Calc forC20H25N05 c 6683 H» w

MHz) 5727 (m, 3H, Ph), 715 (m, 2H Ph), 681 @7= 85 Hz lH NH), 495 ‘
,_;.(dt,J-ss 85Hle CH), 373 (s 3H OCH3),322(dd J—55 14Hz m#

S .



"'_-";‘:1121._ 2- (Tetrahydro-Z 6 dnoxo-ZH-pyran-B yl) lH-lSolndole.l,3(2H).
e . I-jd|one (109) :

' , . . 7'.",‘ e

d ®

4 . R,\ A o ;‘»,i’."»’
l.a » wE R ;

5
ETRE A

| o LnnE /{; |
Tbc procedurc ofhmisay and Whltakcrwas used 159 Phthahc anhydndc (432 R ’

._\x‘

s '-." g, 0 326 mol) and ]..-glutanuc acld (48 0 g, 0 326 mol) werc rmxed and heate& tp 180 S

E °C Aftcr 30 mm the rmxturé waS‘ct)olcd to. 100 °C and accuc anhydnd; (65 0 g, 0 645 . 3
- mol) was addcd Xylcne (185 mL) was L;lcd and aftcr 5 mm the rmxture was coo}ed

L "f_t\4 °C and filtered to give 39. 9 g (47%) of anhydndc 109 . p 2()1 203 oC (ht 1591 Sl

o mp<199-201 "C).IR(KBr; 3060 2915 1816, 1777 1767 1715 1470 1390 720_3?;]'}?-’:‘ :

L cml 1HNMR(Mezso-d6,8bNH{z;5 7.95 (m, 4H, Ar)549 (dd J_ 60 15 Hz‘ B
B _'IH CH)° 304 (m, 2H CH2CO), 264 (m, m CHCHH),gzs (m IH,,CHCHH)
:..,:.'j’exact mass 277 0479 (277 0481 calc forC13H9N0'5) Anal Calc for C13H9N05

o '6024 H 350 N, 5.40. Found c 5990 H "356 N 557

A

L . P
[ Y S

BN "-.g:Thahdomlde (36) L - PR

_ The proccdure of Helx?l et al97,was uscd chly ground urca (2 20 g, 36 6 x ¥ .' -
,mmol) and phthaloylglutarmc aghydndc 109 ( 18 6 g, 71 ,8 mmol) wcrc rmxcd and thcn ‘
A 3"‘_"hcatcd to 180 °C ﬁor l h. Thc rmxturc was cooled and rcpea.tcdly recrystallnzéd from .' -,_

S glacxal acct:c ac1d to glve 7 36 g (40%) Of 36 m p- 267:269 °C (l" 97 m, p. 269 271

L ;;'}°C) lR(KBr) 3195, 3095, 2955 1786, 1773 1733 1710, 1696 1470, 1387 729

S el IHNMR(Me/Z so-dﬁ, ZOOMHz) 5 11 216, 1H; NH’), 794 (m, 4H, An), 522
b= .55, 125Hz 1H, CH)%2 95 (m m, CHCHZCO),ZGZ (m, BH, CH,CO), -
= 212 (m, 1H, CHCHZCO) 13CNMR(MQSO ﬂs, 226MHz) 61727)?:59\8 1671,
L 1349 131 2, 1234 g, 309 220, exact mass 258 0640 (258 0640 calc for

v 9
! . »
o 1
LR
.
i ..
e
o s
i
A



. C13H10N204), Anal Calc for C13H10N204 C 6047 H, 390 N, 10 85 Found C.- S
 6049;H, 3.98; N, 1079 L e

_“N-Phthaloyl L- glutamlc acld (110) from 109 v i
" The procedurdof ng and Kldd15° was used Anhydnde 109 (40 0 g, ms4'

o mol) was added to 150 mlL of bodmg watcr Thc soluuan was h,cated for 10 min and" o

; . was thcn slowly coolcd to 4 "C. ‘The rcsu]tmg whltc crystals were filtered and washcd L

» _thh ice cold watcrtog1vc404g (94%) ofdxacxd 109 m, p 162 166 °C [a]D25 = - KA

C377%¢=1, 95% cthanol (it.161 m.p. 158- 160 °c [a]D25 = -46 1°, c=1, 95%»." e

*'cmanox),m(KBr)ﬁooo 1776 1734 1714 711 cm-l 1HNMR(acetonc46 80 MHz)*“] S

5897 (br s, 2H, COOH), 7.90 (s, 4H, Ar),f 00 (m, 1H, CH), 247 (m am;

| | ,CH2CH2COO), exact mass 277, 0585 (277 0586 calc'for C13HHNO6) Anal Calc for.f.
o C13H”N06C 5632 H, 400 N, 5.05. Found c, 5634 H, 391 N, 5.06.

. Preparatlon of 110 from Glutamlc Acld ‘ v REEER e
.- Thc procedurc of Elbcrlmg et a1161 was -followcd Soild N-v""

- -cﬁ‘boethoxyphthalumdc @50 g, 0.114’ mol) was aidded slowly\m fportlons toa chlllcd’ :
' *  ( 3 °C) solunon of L-glutamm acld ((6 8¢ g, O 114 mol) in 235 mf of 1 06 M aqucous, :

| o ,’sodmm carbonatc (0 25 mol—) thn thc addmon was completc, thc mxxttirc was :

. acidified with concentraed hydrochiorc cid. The resuling oil crystallized overmsht a

s _allowcd to warm to 20 °C ovcrmght. Thc i)rc¢1p1tatc was ﬁltcred cooled to 0 °C and.

e °C Recrys;xllxzaﬁon from watcr gavc 12 6g (40%) of 110 m.p. 158 160 ‘C .
T ';[a]D25 =457, c= 1. o, 95% cthanol (1n ‘61/mp 158-160°C [a]D26 -46. l°c =1,
_ .

. . .95% cthanol) The spectral—propcrhcs were 1dentﬁal to thosc of 110 obtamed from :
109, - ' -




RS 531

; ‘3 2 2-(1 3 Dlhydro 1- oxo-ZH |somdol 2-yl) pentanedlonc Acld (lll)
B A modlﬁcauon of the procedure of Jénsson er al'83 was employed ch dust B
- (39 4 g, 0 603 mol) was added to d1ac1d 110 (31 6 g 0 114 mol) in 280 mL of boxlmg
o glacml acenc amd ’I'he mlxture was heated to reﬂux for 4 h and filtered hot. 'I'he g
Prec1pltate was washed wnh acetxc acxd and t.he solvent was removed in. vacuo S
. Recrystalhzatlon from water and washmg thh CHC13 afforded 18 8 g (63%) of
‘, phthalumdmo d1ac1d lll m. P. 219 °C (dec) (ht 183 m.p. 220 °C) IR (KBr) 2980 o
| '.:1744 1713 1644 1475 1459 1430 743 cm'l 1HNMR Me, SO-d6 '80 MHz). 8 L
o 12 62 (br s, 2H coom 768 (m 4H Ar) 490(m, m CH), 4.55 (s, 2H CHZN),W‘
o2 32 (m 4H CH2CH2COO) exact maSS 263 0794 (263 0794 calc for C13H13N05) ‘ v
o nal Calc for C13H13N05 C,59 31 H 498 N 532 Found C 59 10 H,493 e

v
T

o 2 (Tetrahydro-2,6 dmxo 2H pyran 3-yl) lH lsomdole- -one (112)

The procedurc of Jonsson et al 183, was followed Acet1c anhydnde (5 0 mL, 53

| 'mmol) was added to dlaCld lll ¢! 04 g, 3. 95 mmol) and the rmxture was heated to o

o rcflux for 5 mm Coolmg produced crystals whxch were ﬁltered and washed thh
: CHCI3 to glvc 0931 8 (96%) of phthalmudmo anhydnde 112 m. p 250 253 °C

_ﬂ(m 1s4mp 254_257 °c) IR(KBr) 2908 1813, 1773, 1676 1473 1453 734 cmv

- 574,

. HNMR (Mez $O-dg, 80 MHz) 57.60 (m, 4H A), 5.41 (dd 1-6 13 Hz, 18]
. CH),447 (s, 2H, ArCHzN:),BOZ (m, 2H, CHZCO), 2.5 (m, 1H, CHCHH) 2 is
(m. 1H, cﬁcmf), exact fnass 245. 0689 (245 0688 calc: for C13H“N04), Anal

Cale. for C13H11NO4 c 63,67 H, 4.52; N, 571 Found c, 6340 H, 4.54; N,

»
2.
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S 2 (2,6 Dioxo-3-plperldmyl)-lH-lsomdole-l one (37)

The procedure of Helm et a197 was followed Urea (0 127 g, 2 12 mmol) and

| | 112 (1 01g, 4 12 mmol) wene mxxed and heated to 180 °C for 40 xmn The rmxture:' :
e was cooled recrystalhzed from glamal acenc acld and ﬁ'om n-butanol to afford O 407 g .
;'(40%) of 37, m.p. 234-236 °C. it 97238240 °C); IR (KBr) 3200, 3095, 2915, L
1732, 1704 1680 1378 731 em-l; lHNMR(d:oxane—dg, 200 an) £ 993 (s, H,o
vA'NH), 7. 83 (m lH Ar), 752 (m 3H Ar), 5 22 (dd J 5 0 13 Hz 1H, CH), 440',.,
(@, 3 = 16 Hz, 1H, CHHN), 432 @, ] = 16 Hz, 1H, CHHN), 2.74. m 2H, - -
) CHZCO),*Z 28 (m lH CHCHH), 2.08 (m, 1H, CHCHH), exact mass 244 0847 A
_(244 0847 calc for C,3H12N203) Anal Calc for C13H12N203 C 63 93 H, 495

V”N 1147 Found c 63.84; H 493 N 1154

‘-__2 (Bromomethyl)benzonc Acld (114)

Compound 114 was prepared followmg the procedure of Plffcn and Testa 163

o _' A soluuon of 2508 0. 186 mol) of phlhahde (113)in glaclal aceuc acid (70 mL) was

. added to 170 mL of glacxal acetlc acld whxch had been saturated thh I-IBr gas at 5 °C.' i :

| _— » : collected and washed with small volumes of ice cold water A second crop of cxystals'-‘,__' e g

. More HBr gas was: added the ice’ bath was removed and the m1xture was snrred 4 h at‘ Lo

20 °c and 1 h at 80 °C. The mixture was cooled ovcmlght and the Pmlplme was 1

w ‘was obtamed by pounng the ﬁltrate onto 400 g of i 1ce and ﬂltermg The sohd was dned i

g 8ive23.9 g (60%) of 114, mp. 145 146 °C (lit163 1 mp. 19 2150 °C); IR (THF)
© 2900, 1679, 1405, 701 em; H NMR (acetone-d6, 100 MHz) 6804(m, lH An, -
158 (m, 3H Ar),509(s, 2H, cHz) exact mass 215 9608, 213. 9632 (215 9610‘ e

o213, 9630 calc for C8H7B:OQ Anal. Calc for C3H7Br02 C, 44.68; H 3.28. Found

"_:']c IS5 H, 332



s . ;'.”2 (Bromomethyl)benzoyl Chlorlde (115)

Thc procedm'c of Plffﬁn and T&sta’53 was followed wnh shght modxﬁcahon

.ThJonyl chlondc (40 0 mL, O 551 mol) and bromo ac:d 114 (37 5 g, 0 174 mol) wcre

: _»hcated to rcﬂux for 5 h ~The excess tl'uonyl chlondc was removed m vacuo Dry
bcnzcnc (30 mL) was addcj and thc solvcnt was rcmovcd m vacuo Sevcral .‘ | v

| | rcpctmons prowded a crystall c mass whxch was dxsnaucd to afford 38 3 g (94%) of : -

: _' T ac1d chlondc 115 b. p. 74-79 °F (0 03 mm Hg), m. p 45 47 °C (ht 163 m.p. 46-48 °C; i
; -l’n}-_jm(cc14) 1766 1596 1570 ljl78 1448, 1188 857, 768 cml 1HNMR(CDC13, 80 |
.11\41{2) 8 8 28 (m IH Ar), 757 (m 3H Ar), 479 (s 2H‘ CH2) cxactﬂmass' "
o :.235 9247 233 9271 231 9295 (235 9242 233 9271 233 9261 231 ?291 calc fOl"."',’i. L

2 ”-”,'".Csﬂaquo) Anal. Calc for C&,HQBrCIO c, 41. 15\1 2.59. Found: C, 4L4LH, -

- 882 ’“°‘) wafv_ i ".\--39 ‘hyﬁrazme hydrate (500 mL 10.3 mol) at 0 °c | Thls S

us and Hofman was followcd 164 Ethyl ac mc (850‘-_ ER

_ jnuxturc was hcatcd to reflux for 48’ h and coOlcd tod °C ovcmxght Thc sohd was’f R

B ﬁltcrcd and dncd to nge 318 g (50%) of. acctoh&dr’a”tde 1116), m, p 60 67 °C (m 171 Sk

! -.f"-,~'mp 6267 C); IR (CHCI3) 3280, 3045, 1665, 1637, 1531, 1374, 1340 om H

L .;'_NMR (CDCI3, 80 MHz)’ 58, 15 (brs IH NH),‘4 03 (br s, 2H NH;), 199 s, -x3H

SR 4CH3), exact mass 74 0480 (74 0485 calc forC2H6N20) R

- . v :

SN 2.
o’

_»N-(l,3 Dlhydro-l-oxo 2H-|somdol 2-yl)-acetamnde (117)

A modxﬁcanon of the proggiurc of Bcliasxo and@'i:sta“2 was used

s Tncthylammc (30 0 mL, 0 215 mol) was added to a soluuon of 15 7 2. (O 212 mol) of
- .T‘:acetohydrazndc (116) in dry dxoxanc (45 mL) A sohmon of acid cmm 114 (20 7

‘¢ .

o B S . “.‘»~.'- R S
- R .- ¢ P . . ';- 1,‘.,.-__ .



: f.ll;”,"‘_flluate was ooncentrated in vacuo and washed w1th aqueous HCl (p [ 3:5) S
107 5(63%) of 17, my. 198-199 °C (112 m.p. 196.200 °C)s IR (CHC) 3200, ,f s
o _‘-5?3000 1710, 1672 1550, 770 cm-l lHNMR(CDCl3, lOOMHz) 8972(5 IH, NH) ’
o 1’_",;‘7 8 (m. IH, Ar), 7.50 (m, 3H, Ar), 469 6, 2H, CH), 2.13 (s, 3H, COCH); exact
O mass 190 0745 (190 0743 calc for c,OH,osz) Anal. Cale. for clonmnzoz c |

’.’:.63 15 H 530 N 14 73 Found. C 63 13 H 532 N 1451 / R

- 'g, 88 6 mmol) m dry dxoxane (70 mL) was added dropwxse and the temperature was_"‘ﬂﬁ_;:’. :‘
o 'mamtamed below 20 °C The soluuon was then refluxed for 2 h and ﬁltered The 3 -

‘,Preparatlon of the Hydrochlonde Salt of 118 from ll7 S
| The HCl salt of hydraz:de 118 was prepared usmg the procedure of Bellasm_. S
B jand 'l‘esta 112 Compound ll7 (5 41 g, &8 4 mmol) was heated to reflux for 5 mm. | .
E w1th concentrated HCl (10 mL), dloxane (35 mL) was added the soluuon Was cooled o -

s slowly, and the resulting crystals wem ﬁltered and washed wnh &HCl;, to gwe 3 50 g |

%) of the HC salt of 118, m.p. 198201 °C (it!12m p, 202- 205
2700, 1719,'1618, 1530, 738 cm-1; 1H NMR (Me;SO-dg, 360 MHz) 8 10.85 (br s,

3H, NHs), 784-7 50 (m, 4H Ar), 480 (s, 2H, CHz). MS (FAB) 185 (M+ + ch,if}_-
149 (MH*). Anal Calc: for C8H9N2Clo c 52.04; H 491 N, 15.17. Found c
_ﬁ.?;»j,_¢5176 H 488 N 1499 RER T . ‘ o

L _""Phthalazone (120)

Coke

*‘—'t)' R (MeOH).

o‘ o

| A modnﬁcanon of the procedure of Gabnel and N¢=umanr:16‘S was followed -
SO .;;Hydrazme hydratc (13 6 mL 0280 mol) was added dmpwnsc toa solution of 0 -

| formylbenzolc acld (40 9 8» 0@72 mol) m 160 mL °f 98% ethanol “The s°l““°“

. . mmed yellow anda whlte sohd preclpmwd ‘Vhwh was’ m“”‘d and “sh“’ w“h 98% -
L ;._v:.ethanol to give 35.6 ¢ (90%) qx lZQ,,m P: 1§.3w§ l‘%i"c i 166 mp. 182 °C" : o

R B
LA



Pl

;’j(CHC13)3160 1663 1350 1153, 771 cml IHNMR(CDCI;;, somaz) 8 1141 (br
s, NH) 855 (m, 1H, Ar), 825 (5, 1H, NCH); 7,85 (m, 3H, Ar); exact mass
146 0480 (1460480 calc for C3H5N20) Anal Calc for C8H6N20 c 6575 H
4 14N, 19 17, Found c 65 53:H, 4.11; H 19 19) - |

2 Ammo-2,3 dlhydro-lH-nsomdol- -onef(118) from 120 L
" The proccdurc of Darapsky and Hc.:mru;hs165 \\fas uscd wuh shght

EAE :modlflcanon Zn dust 162 O & 0. 948 mol) was' added to a scrlunon of phlhalazonc s

e 120 (224 & o. 153 mol) in 100 mL of 2 N NaOH An addsmonal 175 mL of 2 N

the @ v

‘. 4 l g, 40 mmol) in dxoxanc (lO mL) was then added dropwxsc at 10-?5 °C )\ftcr d’lc ",. _*‘7 - |

'NaOH was addcd and thc mxxturc was hcated to ncflux for 3 h. Aftcr coolmg’ thc

. cxccss zmc dust was ﬁltcred, and the ﬁltratc was cxtractcd wnh CHCI3 in a conn \uous

148 0636 (148 0637 calc for C3H3N20)

i i:' N-Phthal|m|dmophthahm|dme (45) A : P S

*The procedurc of Bcllasxo and 'I":sta112 was followcd A soluuon of ah\
chlondc llS (4 27 8 18.3 mmol) in dry d:oxanQ(ZS mL) whs addcd dropwnse to a.. .
coolcd (10 °C) soluuon of hydrazlde 118 (2 70 g, 18 2 mrnol) m dry d:oxane (50 mL) ; /
at a rate to mamtam the tcmpcrature at 10.13 °C A solutxon of tncthylamine (S. 6 mL o

o Y‘L’addmc!waswmplm thcnuxtumwasheatedtoGO"Cfor3/5h ’I'hetuspennonWas
/ ; fdtc#’bd the ﬂﬁte was .., il
water, ";"fwﬁfhzed frpm di

. '.‘Thc res:due wu wuhed vmh

vo}umes of chlomfonn and



S : 'v.N-Phthal|m|dophthallmldme (44)

i _, | .recrystalhud from chlorofomllcyclohcxane to g:ve l '}7 g (37%) Of 45 m. P. 282 284
e (muzmp 283-285 °C); IR (CHCI3) 3060, 3040, 3020, 1, 1699 1688, 1658
o 734 cmel; Iy
B ""'6H Ar), 483 (S’, 2}

: 'ih,,.:b,"Anal Calc for C16

"'7;-.;-';"451 N, 1035,

4 A soluuon gsf N carbomethox)/phthallmxde (51) (6 49 g, 31 6 mmol) m SO
'-“"';"dloxane ( 110 mL) was added to a solunon of hydrazxdc 118 (4 60 g, 31 O mmo]) m: o RN

°C) Thc prccxpxtate was washed thh hexane to removc xmpuntlcs The mmal ﬁltratc ) : L

L f:: was concentratcd zn vacuo and the rcsultmg rcsxduc was washcd wnh chloroform to -

| H, 362 N 1007 Found c 6879,;H 366 N 1ooo R

t -

. N-Carbobenzyloxyphthal|m|de .'(1121‘),.‘1".. $

'I‘hc procedure of chkcns et al1 13 was usedkCompound 121 was prcparcd by‘ i
| ,’: _’.'a proccdurc snmlar to that cmployed for Sl usmg (200 mL 0. 140 mol) bcnzylv.

L,

T \” | Rccrystalhzatnon from 98% cthanol gave. 17. 32 3 (55%) of 121, mp 114 115; s °C

b "(mmmp 111 °"‘),IR(CHC13) 1806, 1779, 1716 1308 1264, 765, 716 cm-l 1H =

202 c 7272 H 458 }N 10.60. Found c 7237 H

ST T e 86

""‘-‘CDc13,2oo M) 87.96 @, 1= 6Hz, 31, Ar), 7.60 (m’
fcxact mass 264, 0899‘(264 0899 gc forC 16H12N202) S

R SO R . ;

dloxanc (15 mL), H’e)atcd to reﬂux for 44 h and ﬁltcred 'I'he solunon was coolcd (1 17- " o

| g 1>ye a second crop of product The product was punﬁed by rccrystalhzauon from‘;;"'.»i' '
- c hloroform to glve 5; 30g (61%) of 44 mp 257*258 °C IR (CHCI3) 1795 17}6 R
r‘*1716 1370 708 cml H NMR (CDC13, 360 MHz) 87 97 (m 3H, 4n). 7 84 (m,~ -
o, Ar), 767 (m, 1H, Ar), 7554 (m, 2H, Ar), 481 (s 2H, CH,); exact mass]]“.-.;“; i
"_278 0691 (278.0691 calc for C16H10N203) Anal Cale. forC16HloN203 <. 69.06; j'" '

chloroformate and potassmm phthalmudc (20 8 g, 0 112 mol)"i’n 67 mL of DMF



L "‘_,',NMR (cm:n;,,so an) 5790 (m, aH, Ar). 742 (m, SH, Ph), 545 G
s _’CHzPh\ cxact mass 281 0678 (281 0688 calc for C,5H11N04)' Anal Calc forf ;’:?i:-'* i
v-'_."_;;._jcld.;nNO,, c 68 3; H, 394 N, 4.8, ,Found C,6824:H, 38N, 498

;"N Carbopwphthahm: d’e (122) » T
- The précedure of chkcnse\allu was used Compound 122 was prcpared by-,..
proccdurc analogous to, that used for 51 usmg phenyl chloroformatc (12 8 8 82 0
mmol) and potassxum phtha}umdc (121 g, 65 5. mm°1) in’ 40 mL °f DMF .}
}. i.’Rcc!ystalhzanon form 98% cthanol gavc 8. 85 g (56%) Of 122 m P 144- 145 °C
"f:‘-(m;ss.mp 142-143 °C),IR(CHC13)1809 1780, 1725, 1313, 1241 1198, 750, 714
i . f.cm 1; ‘HNMR (CDC13, 80 MHz) 8. 95 (m 4H Ar), 7. 39 (m 5H P h): °"3°‘ mass_.- “

| '.7'_267 0529 (267 0531 calc forC15H9N04) Anal Calc for C15H9N04 C;67. 42 H

B -"339 N, 524 med c 67 14 H, 339; N 533 \ L

1

_— ‘“‘_'\_ .
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