THE SVUTHESIS OF 1-KETO-3-CARDOMETHOXY-1,2,3,4-
TETRAHYDROISOQUIIIOLINE

Thesis by

Richard Bernard Melriff

In Partial Mulfillment of the Requirements
For the Degree of

¥aster of Science in Cheumistry

California Institute of Technology
Pasadena, Califomia

1950



ACKHOVIEDGTIENTS

I aclmorledee 1y indebtedness to Professor Cnyi
lileonnn, ny repearch edvigor, for the advice, encouragerent;
and espistance which mede my resldence at the Californle
Ingtitute of Technology o gtimlating intellectuel experi-
ence.

1 acknowledge ny great debt to Dr. Robert Bixler for
suggesting this project. I acknowledze 2 great dedt o my
cther co-workers who c¢reated in the laboratory an environ-
ment which sustained my scientific curiosity and nourished
ny creativity.

I acknovwledge my graditude to the California Instituts
of Technology for tuition scholarships and teaching assistant-
ships, the &u Pont Company for summer research grants, and
the United States Public Health SBervice {or a regearch
asgistantship.



SDETRACT

The preporoil on 0f l-koto-3-carbonetioxy-1,2,3,4«
tetrahydroinomiinoline by two routes $z doseribed., The
firpt involveo hydrolysis of the adduct of G-DrOLO-g-
tolunitrile and acetenidomalinic ester o l-keto~3-
carboxy-1,2, 3, i-tetrahydroisoqunoline. Estorification
of this acid yieldn the domired ester., Ths second route
involven the condensation of phenylalanine with formalde-
hyde W fora J-carboxy-l,2,3,4-tetrahydiolsoquinoline,

e benzoyl devivative of thisg ocoupound is smoesthly ozidized
by cold permanganate to H-benzoyl (g-carboxyphenyl)slanine,
wiich io converted by acid hydrolyeis to l-zeto-3-carboxy-
1,2, 3, 4-tetralydroisoquinoline and bensole soid, Preliminary
asnporimonts show that l-keto-3-carbomethoxy-1,2;3,%-tetra-
hydrolgocuingline 1s hydrolyzed by t-chymotrypain, and ine
dGlcate thet both forms are hydrolyzed, albeit at differing
rates.



INTRODUCTION

it has been proposed (1) that l-kete~3~carbonsthioxy -

1,2, 5 h-botredydoolsoquinoling can fanetion as o specific

substrate of a-chymotrypaiin, Tds coapound may be regarded
o & oonber of & larger lags ol potantial suvplbrotes which
are cster lactaws derived froa 6 or ¥ carbory-g-mming acids.

Ln e eoter lactams he G-l acid side chain and
the oyl o growp are incorporated into a five Ov 8ix
wenbered ving. The posglble inlevactions of functional
groups of the subgtiate with (e active gite arce limited to
thosa compatible with conformabiony required by the ving
structure. Vaoriation of the puuptituents oa elthey vlug,
if reflected in varietion ¢f the rabte of hydrolysis, wiill
contrivute to an understamnling ol the steric requirenentis
0f G-chyuotoypela.

e Dirat compound chogon for gynthesis and lkinetie
study was l-keto-3~-carbomethoxy-l,2,3,4-tetrahydroiso-
quinoline, This compound resembles H«benzoyl phenylelanine
methyl egter, which ip knowm to be & ppecific subgtrate of
a-chymotrypsin {2). In addition, the benzene ring has three
positions avoilable for substitution, thus perrdtting 2
gtudy of subptituent effects in this portion of the moleculs.

T™he gsynthesis of l-keto-3-cardbonethoxy-1,2,3,8-tetra~
hydroigoquinoline as planned at the stort of this investige-
tion involved alkylation of dlethyl acetamidomalonate with
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a-bromo-g-tolunitrile followed Ly sapeonification, decarboxyla-
tion and removal of the acetyl group by acid hydrolysis. A
recent review discusses this general route to amino ecids (3).
The alkyiation reaction, when run at 5@6, gave the ethyl
2-carbethoxy-2-acetamdo-3~{p-cyancphenyl) butyrate in 93-99%
vield, When the reaction was conducted at 78°, extensive
darkening took place and the yleld ¢f recrystallized product
was ca. 80%. Side reactions involving alkylation of the
cyano group {3) become important at the higher temperature,
Seponification of the carbeethoxy groups in ethyl
2~¢arbethoxy-2-acetanido-3-(o-cyanophenyl) butyrate ocours
‘z‘eadily. The cyane group, not unsxpcectedly, resists ssponi~
fication, and prolonged treatment with G base im necessary,
The bulkly ortho substituent hinders the approach of the base
on the nitrile and thereby merkedly inhibits the rate of re-
gction {(4). In order %o remove the acetyl group and hydrolyze
any residual nitrile, the crude product obtained from the
saponification and decarboxylation reaction was refluxed
with agueous 43% hydrobromic moid.
The key intermediate in the gynthesip of l-keto-3-
carbomethoxy-1,2, 3, 4-tetraliydroi soquinoline is the
b ~carboxyl-s-sming acid; o-carboxyphenylalanine. This
acid spontansously forms the lactam upon removel of the seyl
group. lactamization of amino acids with aromatic rings
fused to the chain is mown to be a facile reaction. Bamberger
end Dicclmann showed thot whon ajueous solutions of
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o~{0-aminoethyi) benzoic ueid or its hydrochloride are
evaporated to dryness, hydrolsocarbostyril ie formed (5).
Hydrolysis of 2-phenyl-d-p-carbometion;benzylidene oxazolone
with alkall gives l-keto-3-carboxy-3,8-tetrahydrolsoquinoline
{G). The reduction of diethyl {o-nitrobeacyl) malonate in
ethanelic HCL gives hydroisocarboxtyril-J-carboxylic acld

(7). Ia o study of the effect of structure on the polymeriza-
tion of lactano, Ioll found that substituted piperidones hove
guch high eyelization retes that polymerization is very dlf-
fieult to achieve (3).

The loctam of g-carboxyphenylalandne, whilch isg l-keto-
Jecarboxy~1,2, 3,8-tetrahydroquinoline, was spmoothly converted
to l-keto-3-cavbouethomy~1,2,3,4-tetrabydroisoquinoline by
enterification with nethanel and thionyl chloride {(9). The
attampmted repolution ¢f this ester with &why'mtzvm&n gave
repults widch camot be expladned at this tinme.

Table I swmarizes the results of the resolution and
isolotion exporiients. Toble II summerizos the results of
the ldnetic studies utilizlyg the pi-stat {1, 10). 4t
enzyme concentrotiong of 1072 {11) the Dle1-keto-3-corbo-
asthoxy-1,2, 3, b-~tetralydioipoquinoline i 30?; hydrolyzed
within o few minntes, preswuably (o the L-ceid and the g-—
egter,. In only one of the resolutlon &éezﬁmnw wag Ghoevre
inolated pure {-)-cclid angd {+)-ester. o other compound was

ever loolated or detected in the gpectral studics,
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At thie stage 4¢ wos decided that 1t might be fruitiul
to investigele the preparatlion of g—cm%ﬂw-%-phemmlmum
and 1ts lecton from %-xﬁzmwl&l&rﬂ.ne. The preparation of |
3-carbomy-tetrahydroisoquinoline is described in the litera-
ture {12}, and o pequence of reactions iuvolving its prepara-
tion fron é«phewl&l&ﬂm wil pelective oxidation of C-1
would give l-kebo-i-carboxy~-tetrahiydroisoquinoline. The
benzyl side chain can be converted to & benzoyl group by
oxidation with permanganate (13). It is alpo knowm that
oxidation of Hebenzoyl piperidine (14) and of Nebensoyl-
1,2,3,b-tetrahydroisoquinoline {5) with cold permanzonate
¥ields the respective w-benzoylamido acids.

The sequence of reactions utilized to gymthesize l-lato-
I-carvory~1,2, 3, H-tetrahydroiosoquineline began with fornyla-
tion of phenylalanine and benzoylation of the adduct.
Oxidation of the H-benzoyl tieid with weelly alkaline per-
nangancts ylelded the §§~bmylag~em%wlphmylalamne.
Tis was hydrolyzed with agqueous winersal ccid to the lactanm
and benzolce acid.

The mathod of Julian (12) was used without modification
to prepore the isoquinoline carvoxylic acid. %}’:-«plwml-
alanine was heated with excess formaldehyde in 124 hydro-
chloric acid for 3.5 hours. Conplexes of thie anino giroup
and formeldehyde are regdily formed; howevor Che alowness
of the aligylation of the aromabtic ring may necesaitate the
high temperature, high acidity, and long reaction time (15).
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Bengoylation with benzoyl chlordde and sodium hydroxide gave
the -benzoyl-3-carbory-1,2,3,4-tetrahydrolisoquinoline
in 735 yield.

The ceddation of the Nebenzoyl acid in dilute potassium
carbonate solution with potassium permanganate gave H-benzOyl-
o-carboxyphenylalenine in ¢a. 50% yield. The low yield in-
dicates thet oxidation otiter than at the 1,2 position cccurs.
The asslgoment 0f the structure of N-benzoyl-g-carboxyphenyl-
alanine o the product isplated lg compativle with the neu-
tralization equivalent, anslyals, and aydrolysis result,

Hydrolysis of l~-benzoyl-g-carboxyphenylalonine gave &
sdxture of the lactam and benzoic acid. Separation wap
effected by taldng adventages of the differing soliubilitiesn
of the two products. ilenzoic acld is very soluble in ether,
while l-keto-3-carboxy-1,2,3,4~tetrahydreisoquinoline is
practicalily insoluble, The reaction product was dirled over
NeOH and Hy80y, and extrocted with ether. The rosidue wes
recyryatelllzed from water, and the melting point, infra red
spectrum andd neutralization equivalent were the same ag for
the acid obtuined by the eccetonide malonie ester alicylation
route.

The procedure having been developed with the &ncmzmm,
tho reaction soquence wag repeated storting with gmerwl-
alanine. The Jormaldehyds condenpation product had a rotetion
of a5” -50.3% {c, 2% 2 HC1), which 15 higher then that of
the starting material a5~ -33.9 (e, 1.90% water). e
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Nebenzoyl isoquinoline ocid wossessed a rotation of agﬁ -33.7°
{¢, 25 eV}, Oxidetion pove the H=benzoyl-g-carbory«1i-
phionylalanine cng’ «105 (¢, 2% Mevl). In the work up 0F this
compound, the basic golution resulting fron the oxidabion was
neutralized to pi o before it was concentroted in yocuo, This
wes dong in order to aveild the posgibility of racemicing he
acid by heating 1% in ¢ bagic solution. The hydrolyeds of
the Webonzoyl dicnrboxylic aclid gave 1-Koto=3-00rhonothoxy -
1,2,3,4-tetranyaroisoqulinline, aa- 51.7° {c, 28 Hell).
fetorification gave the estor, o5” 75.9% {e, 2% MeON),

{n the basis of tids steriospecific syntiweis wplariing
fron Jephenylalanine, the {+)-aeid ond {+)-caber belong to
the L-serles of audio acide anxl derivatives thereof. The
regalts swmardzed in the tobles show that $he g(-)-wtex*
ig hydrolyzed at enzymw concentrations of ga. m"’*, vihwerens
the D(+)-oster Lo hydrolyzed ab ga. 2073-107%. mwo i
aptor at engyme concentrations at 10" shows two diptinet
steps 1o the hydrolysis resction. The initial resctlon ig
too fopt and conmmes 50% of the equivalents of base required
for camplete gopondfication. This 1s followod by the slower
hydrelyois of the other enantiomorpi.

The pogtulate ig advenced that in the interection of
Gechycotrypein and l-ketoe3-carbomethoxrinn=-1,2,3,4«tetra-
hydroisoquincline, the g enantionorph ig hydvrolyzed at a
mwore repid rete than the %.» ™hie 18 o complebe reversal of
the usual gpecificity. The finding that both iscners are




ydrolyvzed 2lee hoelps Lo oxplols e vesulis of the resolu-
Sion experiments, It o review of nethodn of Pepolving

adno acids, Grecnstoin poiats out thet engymabtic gpoeclficity
is rolotive rather oon obselute {(35).  Grdarolysis of both
igowers oy ocour ob eppreciabls rateg. 1t io o€ possible
to predict the relative rates of hydrolynis of o pair of
enantioswirohic anine acld dervivetives shich posgegg unusual

gtracturnl foaltuxros.
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G 3020-0-002undtrile (19).-=T0 100 grams (0.80 mole)

08 Dathepon 9-tolunltrile, heated in an oil bath @ lé’way

wap added 140 o. of bromine over g period of four hours.

The btromine wap odded through o dropping funnel whoss Lip

whended below the guriace of dhe liguid, mad the reaction

f!

mgtur: was stiryed continuousdy. JTillumination with a 42
PhOTOL1ood was used W cabulize the reaction, Troe daxit
diguid vwas trangferved o0 o Aistilling flesic, and detilled
under dinindahbed pressurs. The pyoduct boiling ot 1&3-1500
5 mn. solidilied in the recelving flask. Une recryatalliza-

Cion fron G cothonol pave the bromlde in U5 yield, n.p.

“’m.fl-’éz—»m wmsxdf «~2=-z0etnldo =3 (o-cs., anophienyl )

@a;&.t\;grésta.»—maw drous alcohol wag distilled from sodiwa
ethonide into o {lane-dried Flask f2tted with & reflux cone
denger, dtirrer, and drying tube. After 10 groas (0.7 (pom-
atom) of sodium had been dispolved in fhe etiwmnol, 192 grans
(0.7 mole; of dlethyl acetanidomslonate vug added and i:;n@
golution stirred bt 50Y for one hour. 2a aleohoiic solue
Sion of 127 gramsg (9.05 30le) of @-hrow-g-tolunitrils was
gloudly added to the resction vesgel., Alter thoe s0lubioun
van atilreed for Tive hours ot :J“’, it wmg enallex an ige

catiy, neutraliced Lith dry Hydeosen chloyide gag, and the
v 5

}

etbandd ddgtilled, The j2llov sendi-n0lid veimining aifer
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the aleohol was roempved was partitioned between chloroforn
and vater., The chlorofors phose vas washed with water,
equeous sodiun bicarbonate, watex‘*,,‘ dricd over magnesium
mulfate ond stripped. Tae residue, m.p. 105-1057, conati-
tutes a nearly quantitativs yleld of the alkylation product.
Feeryatallization from chlorcform-hexane gave 23-09% of
prodact,; m.D. 3.013~1050. Te analytical sample was dyied over
&‘285 at 78° after & further recrystallization from water and
selted at 1057,
Melysie: Cfl?.%lmmz . (333). Calculated, €, 61.8;
H, 6.13 3, 5.4, Pound, €, 61.6; I, 0.2; N, 8.4,
1l-Jeto=-3-carboxy=-1,2,3, 4-tetrahydroigoguinoline, «-

gne hundred grane (9.3 mole) of the diethyl acetamido (o-
cyanobenzyl) mnlonate was saponiflied by heating with 150 @l.
of ON Nalh in a copper flask under refluxing conditions.
After the evolution of amonia ceased, the solution was
acidified to pi 2 and heated to decarboxylate the malonic
acid. The slurry was transferred to o glass [lagi, stripped
to dryness cod the residue heated under refluxing condlitions
with 200 mi, of #U% hydrobromic acid., The resulting solu-
tion w&a poured over igce, and the acidl precipitated. Thvee
recryotallizations from water peve 20 gvams (358) of the
acid, 2.p. 2352377,

Analysis: clgﬁﬂuo3 (i91). Coleunlated, €, 02.8;
B, 8,73 B, Te3: diut., 191, Found, ¢, 93.05 H, &.8; N,

Teds WL, V2.
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1-Zeto~Z-gorbonethory 1,2, 4, b-tetrahydroisoquinoline . -=

Cotevificotion of l-imioe =carboxye-1,7,3,4-tetralydroliao=
giiaoline wap ecconplidhed by the wethwod of Dronner and
Hubar {9). To 0 =ml. of methaool 1o o flask equlpped with
addition Jupiel, stivees, and drping tube wes added drope
wiga 4,3 wd, (0.0 wole) of tuonyl chiloride. The Jlagh wes
gooled in an Lce-aalt bath oad stlrred durdng the adaiticon
of the oyl chloride ood 10 grams (0.C52 wole) of the
ecid, After the aeid had been added, the sluiry wos allowed
to sk Wiy coue o room Yeoperature and glve o clcar solue
tion. Tus was heoted ot &0° for 1 hour, anc the golvent
rexpved in vaguo to gdve &n oll. The oll wms tokten up
in chlorolomm, weshed with water, aguecus godiun bilearbonate,
water, and dried over sodium suliaty, Removal of the gol-
venlt gave & olid that wes rvecryniallised Drou chiorelorme
hexone w.p, 118-115°

{-)-i=Keto~3wcorboxy-1,2, 3, 4-tetrabydrol soquinoling , ==

To u solution of 7.1% grame of the sbove ewber ia 250 21, 1n

O ogacous ethanol was added 100 wo. of dgotiyosia dn 1
i, of wabter. & streanm of rdbroson wag passed over the QP
fece of the llquid, and the pll maintained Letween TT.5 by
addition of 17 godiun hydrorids, The sgyaetyic hodroliyals
ig couplote ifn an houwy. The polubion was aclilMel o pE
2, ollowd Lo gtond In She refvipcrotor. e precipitobed
aolu wen collected on ¢ fiiber 20d puoaiaed Ly Gdssoilutlon in

bicarbonove, Siltretlon ond roprecinitation with hydsochlowde
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acid. The 8.5‘;2 prang {(O87) of the {(~)-ceid Lad & vpecific
rotation o ,' ~39.% {¢, 1,527 nethanol) and nelbted ab
£33-2557,  An atbenwt to duplicate thisz resaly vith ail
condlitions held constont gave oo som: acld agﬁ 12,52

{e, 2,007 aethonol),

(o) =leBoto=decrrhe wethoxy 1,8, b-Gotralyd:

Deterificgtion of the {-)-acid au zi'u;:ﬁscribed Jor the Ii-acid
chve 705 of the ogbor, .. uug@ ,,,,, 75,5 (e, 4,000
petiwiel).

{+]~F=ivto-2ecarboncthoRy-1,2, 3, 4-totraydrol soqiinoling . =«

Paemetdon with: ¢hloroforn of the solutlon remiiling Iron
e regoiution of the Di~epboer, follousd by drying of the
=
orooide phoge with godiup sulfate and removal of the sclvent
cave the desired compowxl, The {¢ }»eswr woa veormyptallized
v\{‘\ % goppy
fron ehlorofomm-hexone wad Las r.p. 90-007, al” 785 {c,
B oot 3:&31:1’1@5101}. hie duplicete cxperinent gave (+)-cstor

Gg:; \3 [ 2 (G; "’J’ f.’i@til&()@l) .

B

(4 )=t wRnier oo ox =1, 2, Gy dl=totraiydrol “smm.:!.;wl" 110 o i)

L3

100 willigees panple of e {(+)-ester, o TU.E (o, £.008
wethvnol) wes disselved in 10 ©d. of dioxane oid iU 0l of
IN Ol adod,  Cwolve oure later, the golution wes treabed
witiy Mordite, filbored, and 20 21, of 107 Lydrochiorle oeld

O [N e F . i 3 o
clded, e ccid en collected, saghed, Jrded and oelled

"

&
gy - ‘*0 p_} 7 ” I's o -
QL30T g 3.0 {e, 2,147 nethonol).
U : -~ — s . R T S oy -’j\ -
Fia ity BLOE Ay e AL (.é.',}‘l) . DR STRN TRNPENERN «, Y PR
B

(U el g PRI ;S e T SO S e
Vel g v l-‘,‘t ﬁm-.;;ﬂ, g A,S.,.‘,‘; LE:@ 210 g Ae e e



Two recrystallizations fror water save ca. 40 wmilligrams,

B, PI4-2350, ag-’

- R AL s e
Found, €, 08.0; H, 4.0 N, 7.2,

chf (G 2 Wg» zﬁﬁ“tﬂ&ﬂﬂl;»

3-farboxy-1,2, 53, 4-tetrahrdrolisoquing Line . --The method

of Julian, gt., al. (12) was used., A mixture of 37.5 grao
of g&-zﬁ&ewl.&l&&m . OF mi. of formelin, and 3006 m1, of
conwe . Iydvochloric acid was heated on the stean bath for
0.5 bour, The addition of 37.5 al., of formalin and 7% ml.
0f hydrochloric acid was followed by heating for an addi-
tlonal three hours. The reaction flask was cooled in an
ige bath and the white precipitate collected on & sintered
plasy funnel., The f1lter cale was taken up in 500 ml, hod
wabtar, 1000 nl, of nethanol added, and the solution adjusted
to pH 5 with 10¢ agueous ammonia. The acid crystallized as
ehimmering platelets, m.p. 313-31G(dec.), 11t(12) B1°, 33
{SWJDB, 30 yiclid,

-benzoyl-3-carboxy-1,2, 3, 4-tetrahydroi sgoquinoline , -

The wmethod shown Steiger to give no recenmdzotion of optically
active amino acids was used {(20). Thlrty threo croms {0.180
wole) of the above acid was placed in o one liter three neched
flask, and sugpended in 744 al. of 0.25N sodiua hydvoxids. The
flasgl: vas lomerped in an ice-salt bath and ztirvred rapidly.

To thie suspension of the sodium salt of the acld were added
Aropwige 20 grams (0.180 mole) of benzoyl chloride and 43 ml,
of 2N sodiun hydrozide over 0.5 hour. The nixturce was

gtirred an additionnl Q.29 hour, treated with Norite,
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filtered, ond coidified o oI 2 with < hydrochloyie acid,
Te pusayy polid wiilch: precipitoted vas collected 00 2

o 4
gintered glooo Jilter, and the L1ltrato conecentrated in
vacud bto yield anwbtizer ¢rop. The two fruetions werc
Lo e e )
goparavely cocryetalitzed fron acetonc-wnber and conpined
W shve 31 Greap (737) of the U-Denaoyl acdd, mLp. 1K 0-172°,

sy

dentralizotion equivalent ealouloted, 201 Jound, 200,

23«-2)@3’_15@33.-(3‘:;6 arbosgy vheny i) alaniac.~-To 11,2 grang
{0.04 ’*ww; o: the Hebenzoyl isowuimoliae FZ'}.{}iéii and 5.9 grans
{(0.080 oole, 0.09 equivalents) o pobosaiu corbonnte in one
iitay of*‘s’,’z&tﬁ 3 owas added 12.2 gramg of potassiun pertsisonate
sugpended in 220 ml. of water, The alxbure e otireed for
wne wurs at aoklont taperature, codiuwn sulfite odded to
roumbVe eRCEH puraiagtuate, and the polution IMiltered theough
Celite O reuve tho Jincdy dlvided ongonepe diozxide, Cone
centraticn in voouo o o omall voluwme wae followed by aclidifi-
cation o precipliate the acld., e dlcarboxylic acld was Poe
cryptallized fron acetone to give 0.66 gron (535), oy, 208w
207.  The soaalytical sample was recrystallize d Toon poctone,
53] 21530217,

foelymic: Gy {, ,15 j\.,u {333). Celoulated, T, 65.2; 4,
B.0; N, b.5; W, 136, Found, ©, 04.93 H, 5.1; H.0. 150,

1RO 50 = S-ColbORT =1, 2, B, b-tobroly drol oo guingliils . ~=5

7 prem garple of l-benzoyle{o-carbozyriwayl) alanine in
100 nl. of G hylsoehlorlie acid woas hold of reflus overalilbt,

2

The golution wodn coolad, fltered, ool tho udnerel acid and
3



water removed in vacuo. e repidue and tae filtrate wers
corbined, dried, and extracted with three 30 nil. portions
of ethyl otiber., Tl ether ingsoluble muterisl wasg recrystol-
loed fyvom wiber o pave 5.20 grams (CL0) of the acid. The
melting poiat, £34%-230°0 neutvalization oguivaleat, 192,
sidlxed melting point, and gpectrum in & Hujold mwll show this
o be tihe pane product os thot formed vip Gee acebanido
pelonic egter route,

i-icto-t-corbonethory -1, 8, 3, d-totralydool soquinodine , «-

Ezverdficaticon of the scid ne deseribed above givegs the
esber in 955 yield, @.p. 114115, The infra-red gpectrum
in ehleoroforn is superimposcble on the gpecirun of the ester
cbtodued via the ocetandido maloalc cater rousc.
anlyale:  C,.lk..030, (204)., Calculated, &, G4.4;
3171373
B, 5.4; 9, 6.0, Found, C, O4.b4; H, 5.5; 4, 5,7,

é;»s-cw?bam’-l, 2, S li-tetrahydroisoguinoline ., -~Troatnent

of three grans of Lrghenylelenine with formaldehyde and
Gydrochlioric aold op degeribed for the Q_I; colpound gove
Lagn (507 of the Iracld, m.p. 2% (gec.), a5’ -50.3
{c, 2,177 methanel )., The I-acld is move gsoluble thon the
Di-ecid and the vield is improved to 00U by precipiteting
the acid fron the hydrochloric acid-formnnldenyde solution
with methenol, The cnolytical sarple was recrystellized
roo agusous methauol.
Mmelyoiss  Oy0H, 0, A177). Caleulated, C, £7.0;

- - - 23 b d £ 97 % » g ! g Ny ' i
i, G.3; ¥, %7, Found, C, 67.9; H, 8.45; %, T.0.

79
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e Resolution of Dle-l-keto-3-carbomethoxy-1,2, By lhm
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SIS Vol. Inzyte  Rotation Rotation
Bun  pli  Dlecster Soivent® Cone ., © (--J--mﬂ.ﬁ{3 {+)-zster
1 8.0 0.58 75 0.735 -9 -2
2 8.0 3.0 100 - -0 - £
3 7.0 11 750 0.133 -0 - £
5 7.0 28 00 0,221  =32.5 -t
B 7.0 5.O7 250 0.250 -9, 31 o, oY
G5 7.6 T.1h 250 0.400 -30.7"  76.69
8 7.0 7.0 250 0.400 -17.2 16,29
&8 7.0 2.5t 60 0.57 12,5 75,58
& 7.0 2.4t 60 0.57 ~37.6 79.49
108 .0 2.0 100 0400 =BO.% 79,99
18¥ 70 2.6 100 0.400 ~19.5 73,08

A1l rung were carmied ocut in a bosker of appropriate
size, The splutions were stirred with & magnetic stirver
anl the pll oeasured with a Beclman nedel G pil neter
equipped with extengion eclectrodes.

e solvent is 0% methanol. The ester was digpolved in
nethanol and digtilled wabter added to 30% (vol./vol.)
swthanol-tater,

In oilligrans per miliiliter.

Concentration 2% in methanol,

ot recorded. :
Te (+)-estors coiblaed fyom runs 2-4 a3° 3.23 (e, 108
nethanel ). \
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A otrean of nitropen wasg passed over the surfece of the
oolution to exclude c’{)a.

The {-)-coter obtained in run 7.

e (+)-estor obtained in rmun 7.

Concentration 4% in methanol,

Prepared by roaction sequence starting with Di~phienyl~
alenine, '
Reepterification gove the (-)-ontor a§5 «-78.8 (¢, &%
methanol,

Reepterification gave the (-)-ester agﬁ «75,8 {c, 45
methanol),
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