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Abmttact. -the four totomotbylono dlpoptidom ?ho *(COC12)(RS)Oro (60) 
sod trp g(COCl12)(~)X I-(x)Oto (01, (IS)ArS (8b) l x (SS)Lyr 
(lib) bara baon l yntbomiaod by l rooto~mrolring two wcc~#lre 
principal roactioor: m~looic l otar l lk~l~tioa 
corroapoodlng Z-protaeta~ amino acid iodomothyl 

vith the 
htooo, and, tba 

introduetioo of l cyasootbyl or apoopropyl moiety lo tbo rooultin$ 
4-kotodiartarm 2e,b to 81~0 the 2-(cy8ooalkyl)-4-ketodioatere 2a.b 
or 9,. tha bomt ray of obtaining 2a.b cooeimtod of addlog 2m,b to 
l cr~looitrllo. rbilo 9b TM prmpatod by l lkyl~tioo of 2b ritb 4- 
iodobut~rooItril~. sapooificatioo of h,b sod 9b, follovod by 
docarboxrlation and l olectira bydronaoatioo of tba CT~OO nrouu 
proridads t-?ha * (COCm2) (W)Oro (S;), 
Z-TrD *(COCE,)(rb)Lym (m. 

i-Trp *(COCH 
z 

)(ES)O;o (Sbf aoh 
which upon tomoral 0 t?i 2 groopm by 

bydrb2ooolyafr xfbrdad 6, 6b and-lib, roapoctiroly. Co&ound 8b 
warn obtrimod by 8oaoidyletiom of 5b and rubmquoot claaraSo of tbo Z 
Sroup. 

Replacement of peptlde amide -CON& bonds by kotomethylene -COCA - groupel 1s 

being eucceorfully ueed to prep8re mrt8bolln-reelrt8nt peeudopeptldee f and enzyme 

inhibltore3. Addltloa8lly, the fleet n8turallp occurring c8rb8 8n8loyee of 

peptldor, nusly Arg S(COCA2)Phe and Ar8 9(COCH2YYyr (Arph8menlner A snd B) 8re 

amlnopeptidaee B lnhlbltore vhlch 8180 enh8nce Irune reeponsee4. 

In a prevloue co~unlc8tlon5. ve reported 8 l lmple procedure for the eynthesie 

of ketomrthylene dlpeptlde an8loguer lovolrlng re8ctlon of the b-ketodiesters 2, 

saelly obtained from arlno acid halomethyl ketone. 1 and dlmethyl l alon8te. vlth 

8pproplate 8lkylatlng agentr, folloved by hydroly8le, decarboxylation and remor 

of the Z-protecting group. 

II1 R’ 

&HCOCH2C1 -, ZH&COCH2CH(C02?le)2 

1 2 

P’ ?2 
Y H2NCHCCCH2CHC02H 

543 21 

BY 8ppllc8tlon of the above gener.1 procadure ketomethylenr dipeptider 

cont8lnln.g aliphatic (Al.), aromatic (Phe, Trp) and acidic (Aep) amino acid 

romiduee 8t the C-terminus vere prepared. In order to confirm the rermatllity of 
this new method, ve hare axtended it to the prep8r8tlon of peeudodlpeptidee vith 

basic ulno 8cld aa8loyae 88 C-termln.1 reeldue.. Bec8uae of the lmck of a 

convenient method, the l ynthesie of thle type of compounde hao not prevlouely been 

described. Thu8, 80 a modified Dakie-Weat re8ctlon ‘s7 80 the uee of Crlgn8rd 

re8gente7~9, the tvo prevlourly toported method. 8ffordln.g ketomethylenc 

dipeptldes, might prasent difflcultiee in the prep8r8tlon of these paeudodipaptides 

cont8lning chemically labile eide ch8lnr. 
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An sdditional advantage of this general route to katomethylsne dipeptides, 

outlined in Scheme I, ir tha uae of the easily removable benryloxycarbonyl (Z)- 

protecting group. In contract, several problems have been found in the removal of 

the phthaloyl and bentoyl groupa, used as protection in the routes involving 

Grignard reagents and a modified Dakin-Want reaction, reepetfvelylO*ll. In 

relation to this latter route, it haa a100 been found that, although Z-protected 

a8ino acid8 gave the correrponding f-oxatoloaor, these derivatives fail to produce 

ketomethylsne dfpeptldesll *12. 

The present paper descrtbes the synthesis of Pha * (COCR2)(RJ)Orn (6a) and 

TrpS(CWR2)X X-(g3)Orn (6b), (EMrg (lSb), (ESILye (1Zb) . Due to our tntere8t in 

dipeptides with one aromatic amino acid and the other baslc13, phenylalanine and 

tryptophsn have been used a@ N-terminal amino acidr. 

In a similar ray to the Pha-containing ketodiamter 2a5, the ‘Trp-containing 

analogue 2b was prepared by conversion of Z-tryptophan chloromcthyl ketone (lb) to 
the COrreDpOndiDg fodomethyl ketone in l ftu, followed by reaction with the sodium 

derivative of dimethyl malonate. Compound lb was prepared by adding 2.5 N ECl/BtOR 

to a solution (TH?) of the corrempondlng diaxoketone, vhich warn obtained from Z-Trp 

and isobutyl chloroformate in THP followed by treatment rith diaromethane in 8t20. 

The key step ln the synthetic route to the tarXst compounds 6o.b. bb and 12b 

fs the introduction of a l ultably functfonalited subetftuent In position 2 of the 

ketodfcster 2 to give the t-substituted derivative, in which the C-Z C-3 portlon Is 

the precursor of the C-teralnal amino acid. In the caee of the previously reported 

ketomethylene dipeptldea, thlm #tap was achieved Win8 appropiate alkyl halides5. 

According to thie, 34odopropionitrile, generated, in litu, by tranrhalogenation of 

the 3-bromo derivative, was fnftfally rolacted for the l lkylatlon of Za,b and the 

subsequent transformation of thh cyanoathyl motety of the alkylated compounds 3a,b 

into the 3-aminopropF1 chain of the Om-containing p8sudodlpeptfda8 6e,b. Attempts 

to carry out the alkylatlon In THP at room temperature, using 1 equiv of NaH as 

base, Save, after 24 h, only traces of 3m.b. When the reaction warn carried out 

70.C. in the presence of an excoee of baas (2 equlv), compounds 3e.b were obtained 

in - 40% yield. However, we found that the most efficient ray of obtaining the 

cyanoethylated intermediates 3a,b wan to add tr,b to acrylonitrlle In the pre8ence 

of sodiur l ethoxide. In this manner, compounds 3a.b were obtained vlthin 90 l fn In 

-80X yield (Scheme 11). 

F’ F’ 

FN 

Z-~CHC~~2C~(CO2~~3)2 - 
(FR2)2 

Z-~~COC~2C(CO2C~3)2 

2a.b %b 

RCl.Z-Phe;O(COCB2)(PS)Otn (Sal 

HCl,2-Trp~tCOCR2)(~)Orn (5bf - 

E: R”CH2 a ; b: d-CR2 m I 
i 

% 

2IELPhee(COCH2)(&j)Om (6a) 

2HCl.Trp~(COCH2)(RS)Om (6b) 

Z-banxyloxycarbonyl 
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Saponification of 3a,b, follorad by dacarboxylation in dloxane, afforded the 

2-subatituted-4-ketoacida 4a.b. Selective hydroganation of the cyaao group of 4a.b 

in methanolic 8~onia,, in tha prarence of Ranay aicksl, gara the Z-protected 

ketomethyleaa dipaptidaa 5a.b. Removal of tha 2 group by hydroganolyair in 61p 

EC1/18OA (1:20), u8ing 10% PI/C am catalyrt, affordad thr deairrd paeadodlpeptlder 

6a.b. 

The Arg-containing p8eudodipeptida bb was prepared by guanldylation of the 

analogue Sb, urine l-amidino-3,5-dimethVlpyrarole nitrate by a method rimilar to 

that reported by Klausnar et a1.14, and 8ub8equant hydrogenolysis of the Z-group 

(Scheme III). 

5b - HCl.Z-Trp $(COCH2)(~)Arg (7b) - 2HCl.Trp ~(COCH2)(~)Arg (l3b) 

Finally, for the synthesis of tha Lyr-containing preudodip8ptida ltb 

(Schema IV), the ketodie8ter 2b warn alkylated with 4-iodobutyronltrlle, genarated 

JII 8it.U from 4-bromobutyronitrila and NaI, u8ing MaH l o base, to give the 

cyanopropyl 8ub8titut8d darivativa 9b in 67X yiald. Compound 9b -a8 conv8rted to 

12b followtng a similar rout8 to that indicatad for the -the818 of the ornithlne 

analogues 6a,b. mU8, the 2-(cyanopropyl)-4-keto8cid lob, obtalned by ruccersite 

saponification and decarboqlation of 9b, wa8 ralectively reduced to give the 

protected pseudodipeptida llb which, by removal of the 2 protecting group, provided 

12b. 
. 

It1 
F YN 

(yH2)3 RI (FH2)3 
Zb - Z-~HCOCE2C(C02CEs)2 - Z-HNCHCCcH2CHCO2H - 

9b 10b 

HCl.Z-TrP $(COCH2)(u)Ly8 (lib) - 2HCl.TrP $(COCH2)(R_S)Lya (12b) 

d-CH2 I I ! 0 

While the arynetric centr8 of ths rtarting amino acid darioatires 18 not 

affected in this synth8tic route, thare ir no reason why th8 dacarborylation 8tep 

should be stereoselectire. Tbarafora, tha configuration8 at C-5 and C-2 were 

assigned a8 2 and P S - -* re8pectioely, for all tha ketomethylsn8 dipeptides her8 

reported. Accordingly, the 300~MHz ‘H N?¶E rpectra of 6a,b, Ob and 12b ahored, in 

each ca8e, the presence of a mixture of tro dla8taraomeric praudodiprptider, but, 

thay did not show detwtable peak8 attributable to two additional 8tereol8omer8. 

Separation of the 2 a and 2 2 diaatereomars wa8 not obreroad ln any of our 

chromatography experiments. Therefore, our biochemical and biological 8tudie8, to 
be reported 818arhere, 18 don8 u8ing mixtUre8 of both dia8t8reOmeriC t8tomethyl8ne 

dipeptfde8. 

The Z-protected pseudodlpeptlde8, obtained by this procsdure, could be 
Incorporated into larger paptidea by standard coupling tschnlque8, or, could be 

convarted to th8 corresponding p8eudodlpaptide halomathyl katoea8 to afford 

additional k8towthylens lfnkagar. In th8 ~888 of N-teminal protectad p8eudo- 

dipeptldes tuoing chemically labile aide chain8, ouch a8 Sa,b, 8b and IZb, 

coevenlant pracur8or8, 8uch a8 4a,b and lob, could b8 u8ad for tha88 purpo8e8. 
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Mlting pointa ware l eaeuxed with a Kofler hot-rtege l pparetw end l re 

uncotracted. llI Nl¶R spectre vere recorded with a Varlan m-390 or a Varlen XL-300 

spectrometer Opw8ting et 90 or 300 mx, raewctivaly, using nabSi 88 internal 

l tandard . Analytical TLC was perforrad on alumiaium sheets coated with a 0.2-m 

leyer of silica gal 60 y254 (Merck). Silice gal 60 (230-400 mesh) (?larck) TU uead 

for colum chromatography. Compouade were detected with W light (254 xm) end 

ninhydrln aprey. All final producte l howd one l pot on TLC. 

All the uino wide urad were of the L configurationr. N -Z-tryptopban Ta8 

aynthaairad aa daacribad in the literature 15. 

Z-Trp-CU2Cl (lb). I-Metbylmorpholine (6.5 l L, 59 nol) end laobutyl chlorofor- 

mate (6.1 mL, 70 no11 were eddad to a cooled solution (-20.C) of Z-tryptophan 

(20 g, 59 mm011 in dry THF (100 mL). The mixture waa stirred at thnt temperature 

for 30 l in and than filtered. An etharael rolution of diaromathana, prepared from 

nitroaomethyluraa (7.2 g, 70 -01). TAO added to the filtrate and the reaction 
mixture vee etlrred for 15 mln at O*C, concantrnted to a amell volume end than 

2.5 N athanolic AC1 Tea added at room tamparatura until nitrogen evolution ceesed. 

Solvante were removed by eveporatlon and the ramidua purified by column chromato- 

graphy l luting vith BtOAc-hexene (1:3) to provide lb rhich vee racryotallizad from 

KtOAc-hexana (12 g, 59X): m.p. 134-136.C; ‘H NNE (CDC13) 63.23 (d, 2H, TrpBCR2), 

4.00 (d, 2A, CH2C1), 4.66 (m, lH, TrpoCH), 5.03 (a, 28, bantyl CH2), 5.43 (m, lH, 

Wa-01, 7,26 (0, 5H, benxpl, C6H5), 6.83-7.76 (m, SE, indole), 6.16 (a, lH, NH- 

indola). Anal. Calcd. for C2OH19ClN203: C, 64.78; 8, 5.16; Cl, 9.56; N, 7.55. 

Found: C, 64.77; H, 5.12; Cl, 9.58; N, 7.55. 

netbyl 5(~)d_(~lo~cu~l)~aod-(iPdol-3~1)-2-rsth~r~l~-oxo- 

baxmnoeta (Zb). A mixture of lb (7.4 (I, 20 rol) nnd l odium iodide (3 g, 20 mm01 1 

in l,t-dimathoxyathana (60 IL) vao stirred at room tamparatura for 15 min, fOllOwad 

by the addition of the sodium aalt of dimathyl maloneta (3.43 g, 22 nol), freshly 

prepared from the corrarponding diastar end l odium mthoxida, in 1,2-dimathoxy- 

athana (20 mL). Stirring ras continued at thet temperature for 1 h, the solvents 

ware removed, and the residue vaa extracted vlth chloroform (100 mL) end rerhad 

rith vater (100 mL). The organic extract vae dried (Na2SO4) and evaporated lawin 

a residue vhich rar purified on a silica gal column with ItOAc-haxena (I:21 to 

provide 2b as a syrup (8.6 8, 92X): 'II NMR (CDCl3)6 2.90-3.36 (m, 4ii, H-3, H-6), 

3.73 (e, 6H, 2CO2CH3), 3.66 (t, lH, H-21, 4.70 (m, lH, H-51, 5.06 (a, ZH, banryl 

CH2), 5.46 (m, lH, NH-51, 7.30 (a, 5H, banxyl C6H5), 6.96-7.60 (m, ‘II, indole), 

8.20 (a, lH, NE- indole). Anal. Calcd. for C25H26N207: C, 64.37; H, 5.62; N, 6.00. 

Found: C, 64.26; H, 5.91; N, 6.36. 

Gematel procedmxe for the ructiom of 2 with l crylomitrilo. A stirred solution 

of 2 (5.3 ~011 and fraahly prepared aodlum methoxide (5.8 no11 In methenol 

(40 mL) vae treated with l crylonitrile (5.6 ~01). After 3 h of l tirrfng et room 

tamparatura, the mixture vae nautralixad with l cetic l cld end the l olvanta were 

evaporated to give a raridua which vam purified end identified l e specified in each 

caaa. 

netbyl 5(9)-ti(~~l~x~l)~o-2-(2- tbyl)d-pbomyl-2-wtboxycrr- 

bomyl-4-oxohummoete (%I. This compound ~a8 purified on e l illca gal Column using 

EtOAc-haxene (1:3): 83% yield; homoganeoue l yrup; ‘H WwB (CDCl3)6 2.30 (m, 48, 

CH2CH2C?I), 2.90-3.30 (m, 4H, H-3, g-61, 3,66 (a, 6A, 2CO2Cg3), 4.50 (m, 111, H-51, 

5.03 (e. 2H, bemy CE,), 5.30 (m, lH, NH-r), 7.00-7.40 (I), lOH, benxyl C6H5, 
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C6H5). Anal. Caled. for C26E281207: C, 6b.99; A, 5.87; N, 5.83. ?ouad: C, 65.24; Ii, 

6.15; N, 5.84. 

nmttly1 5(~))(~loxrcmr~l)~o-2-(2~ tbyl)-6-(ilulol-3-+)-2~ 

tboxyeubwylete Obj. Thim compound warn purified on a ailica gal 

column urla XtOAc-baune (1:2): 76% yield; baogaaeooa syrup; '11 Nl!R (CDCl3)6 2.16 

(I, bH, CH2CH2CN), 3.00-3.26 Cm, 48, B-3, H-6), 3.66 (a, 6H, 2CO2CH3), 4.60 (m, lH, 

H-51, 5.06 (20, 2H, beaxyl cH2), 5.43 (m, lH, NH-5), 6.90-7.63 (m, 5A, indola), 

7,30 (8, 5H, beMy C6H5), 8.36 (8, lH, m- indola). Anal. Calcd. fOt C&+,$07: 

C, 64.73; H, 5.63; N, 8.09. lound: C, 64.65; H, 5.71; 11, 7.05. 

nethyl 5(9)-f-~~l~ar~l)~ao-2-~3~opzopll)-2ntbo~~~-6- 

Umdol-3-y1)-4-oxobumom te (9b). A mixtura of 2b (4 8, 8.5 roll and IaH (2 l puiv) 
in dq TKI (60 mL) wee etirrad at room tamperature for 15 min. followed by the 

addition of 4-bromobutyronltrile (0.99 mL, 10 mmol) and aodium iodide (1.5 8r 10 

-01). Stirring wee continued at that tam~ratura for 24 h, water (40 l L) waa added 
a& the aquaoua mixture wee l xtracted vith BtOAc (2x40 l L). The organic extract8 

ware dried (Na2S04) and evaporated to yield crude 9b which warn purified on a silica 

gel column using KtOAc-haxane (1:3) : 67X yield; homogeneoua l yrup; I11 Hl¶E (CDCl3) 

6 1.20-1.66 (m, 2H, CH2C$CH2CN), 1.73-2.30 (m, ba, ClIlICH2CH2CH), 3.03-3.30 (m, 4H, 

H-3, H-6), 3.70 (8, 6H, 2CO2CH3), a.70 (m, lH, H-5), 5.10 (a, 2H, benryl CH2), 5,43 

(m, lH, NH-5), 6.93-7.70 (m, 5H, indole), 7.23 (a, 5H, henry1 C685), 8.30 (a, 18, 

NE-indole). Anal. Calcd. for C29H31N~O7: C, 65.29; H, 5.85; N,7.07. Found: C, 

65.15; 8, 5.76; N, 7.65. 

Gemoral procod- for upanificmtia d &cubarylatiom. A solution of the 2- 

eubetituted dieetar (4 -01) in methanol (40 mL) wee treated rlth 6N NaOH (2 mL) 

and the mixture ~88 stirred at room tamp8rature for 3 h. After evaporation of the 

methanol, the remaining l queoua mixture waa dilutad with rater (30 l L), acidified 

with concentrated HCl to pH 3, and extractad with BtOAc (100 mL). The extract ~88 

dried (Na2SOb) and evaporated. The raaidue vaa dlaaolved ia dloxane (30 l L) and 

heated under reflux for 4 h. Removal of the l olvant left a syrup which wee purified 

ma apacifled in each came. 

5(s)-IE(ao~lo~~l)~b2(lld)-(? -cy8aoetbyl)-6-phemyl-4-oxobexamolc 

Acid (ha). Thla compound ram puriflad on a ailica gel column ueing CHCl3-He08 

(1O:l). 79X yield: l .p. lOO-102%; 'H NNR (DHSO+t?A)6 1.75 (m, 2H, CHHCH2CN), 2.41- 

3.12 (m, 6H, CE2CsC'N, H-3, H-6), 3.15 (m, la, H-2), 4.26 (m, lH, H-5), 4.97 (a, 

ZH, benryl CB2), 7.27 (m, lOH, benxyl C6E5, C6H5), 7.73 (m, lA, NH-5). Anal. Calcd. 

for C23824N2O5: C, 67.64; H, 5.92; 19, 6.86. Found: C, 67.46; H, 5.79; N, 6.61. 

5(~)-~(Bemxyloxycubouyl~amAmo-2(B)-(2 ~t~l)d-(iadol-371)~-ox~u- 

w:c A,cid (4b). Ihio compound wae purified on a ailica 681 column wing CHCl3-neOA 

(15:l). 93% yield: foam; lH Rw (DHSO+f?A) 61.74 (m, ZH, CI&CH2CN), 2.42-2.94 (m, 

6H, CH2Cl&N, E-3, E-6), 3,17 (m, lH, H-2), 4.31 (m, lH, H-5). 4.99 (a, 21, benryl 

CH2), 6.96-7.58 (m, 9H, benxyl C6H5, indole, H-2, H-5, H-6 and E-7), 7.75 and 7.72 
(2d, lA, iatanal~y ratio l:l, indola H-4), 10.80 (e, la, NH-indole). Anal. Calcd. 

for C25H25N305: C, 67.10; 8, 5.63; N, 9.39. ?ound: C, 66.93; II, 5.89; I, 9.17. 

5(~-r_(~l~bl)~~2(~)-(3 ~opylM+.mdel-3-y1)-4-oxoha- 
-AC Acid (lob). Thie aompound wae purified on 8 silica Se1 column o8ing CKl3- 

NeOH (12:l). 88% yield: foam; III RNR (DHSa*?FA)6 1.52 (m, 4H, C$92CE2C#), 2.&3- 

2.97 (m, 611, CE2CH2C&CR, H-3, H-6). 3.14 (m, lH, E-2), 4.30 (m, 18, E-51, 4.98 (a, 

28, benryl CH2), 6.93-7.54 (m, 9H, benryl C6H5, lndola H-2, E-5, H-6 and H-7), 7.68 
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and 7.73 (Zd, lH, lntanalty ratio 1:1, lndole A-41, 10.82 (a, 111, NH-Indole). Anal. 

Calcd. for C26827N305: C, 67.66; 8, 5.90; N, 9.10. Pound: C, 67.45; H, 5.85; 

N, 9.11. 

Goner81 procedure for tlm rmdnctloa of tha cpm grump. A l olutlon of the 2- 

(cyanoalkyl)aubatltutad ketoacid (2.9 mol) in maturated l athanollc ammonia (50 mL) 

vaa hydrogaaatad In a Parr l pparatua In the preaance of ret Raney nickel (0.94 g) 

at room temperature and 40 psi for 7 h. The lnroluble material warn dlacarded by 

filtration and the flltrato warn evaporated. The reaoltlng residue warn dlaaolvad in 

2N AC1 (30 l L) and raabod with ZtOAc. The aqueoua layer warn evaporated to a gum 

vhlch warn purified am apeclflad In each came. 

Hcl.Z-pha wxxE2)(~)orm (5a). Thla compound warn purtfled on a alllca gel 

column using CHC13-MeOH (b:l): 70X yield; foam; lH Hwp (D?iSO*T?A) 6 1.48-l .56 (=, 

bH, Om B- and Y CH2), 2.61-3.15 (m, 78, COCE2, Phe B CH2, Orn ocH- and 6CH2), 4.25 

(m, lH, Phe aCH), 4.98 (2, ZH, benzyl CH2), 7.27 Cm, 108, benryl C6a5, C6H5), 7.80 

(m, lH, NH). Anal. Calcd. for C23H29ClN205: C, 61.53; H, 6.51; Cl, 7.91; N, 6.24. 

Pound: C, 61.45; H, 6.35; Cl, 7.95; N, 6.28. 

Bc1.STrp $(COCE2)(~)Ora (5b). Ihlr compound wae purified on a silica gel 

calm using ClK13-NeOE (6:l): 70X yield; fou; lli IR(p (DIISO+T?A) 6 1.48-l .56 (m, 

48, Om B- and Y CH2), 2.45-3.00 (m, 68, COCE2, Trp BCH2, Orn 6CE21, 3.12 (P, lH, 

Om aCH), 4.27 (m, lH, Trp OCH), 4.97 and 4.98 (20, ZH, Intensity ratio 1:1, benzyl 

CH2), 6.97-7.54 (m, 9H, benryl C6H5, lndole H-2, E-5, H-6, H-71, 7.77 and 7.80 (2d, 

lH, Intensity ratio l:l, lndole H-b). Anal. Calcd. for C25ZjOClN305: C, 61.53; A, 

6.19; Cl, 7.28; I, 8.61. Pound: C, 61.68; If, 5.90; Cl, 7.25; N, 8.45. 

ECl.Z-Trp *(COCE2)(ES)Lya (lib). Thla compound war purified on a alllca gel 

column ualng CHC134feOB (6:l): 76X ylold; fou; Ill IQIR (D?f80*TPA) 6 1.10-I .55 (m, 

6~, ~y8 6-, Y- and 6CH2), 2.45-2.95 (m, 68, COCH2, Trp 6CH2, Lye cCH2), 3.15 (m, 

lH, Lye oCH), b.28 Cm, lH, Irp aCEI, 4.94 and 4.97 (20, ZH, Intensity ratio l:l, 

benryl CH2), 6.95-7.56 (m, 98, bentyl C685, lndole H-2, H-5, 8-6, H-71, 7.73 (m, 

lH, indole H-b). Anal. Calcd. for C26H32C1N305: C, 62.21; A, 6.42; Cl, 7.07; A, 

8.37. Pound: C, 61.98; A, 6.45; Cl, 6.95; N, 0.24. 

ECl.Z-Trp ~(COCE2)(~)Arg (7b). A solution of 5b (1.8 g, 3.6 uol) in dry DMP 

(10 II.1 vaa added to a l olutlon of l-•mldlno-3,5-dlmathylpyrazole nitrate CO,72 g, 

3.6 nol) in dry DHP (10 IL), adjuatod to pE 8-9 rith trlethylamlae (0.5 l L), and 

the pH of tha reaction mixture warn brought to pH 8-9 rlth more trlethylamlne 

(1.0 oL). After 7 days at room temperature, the solvent warn removed, the realdue 

warn dlaaolved in 2N HCl (20 mL) and washed with EtOAc. The aqueous phase ram 

evaporated to drynoaa, and the realdue vaa purlflad on a rlllca gal column, l lutlng 

vlth CHC13-?leOH (3:1), to give pure 7b (1.15 8, 63.5X): foam; lH RWB (DHSO+TIA~ 

6 1.38-2.00 (m, bH, Arg 6- andyCH21, 2.38-3.2b (m, 7H, COCH2, TrpBCE2, Arg a- and 

6 CH2), 4.28 (m, lH, Trp aCHIt 4.93 and 4.97 (20, 2H, intensity ratio 1:l benzpl 

CH2), 6.91-7.51 (m, 9H, benzyl C6Z5, indole H-2, H-5, H-6, H-71, 7.70 (m, lH, 

lndole H-b). Anal. Calcd. for C26H32ClN505: C, 58.92; A, 6.09; Cl, 6.70; N, 13.22. 

Pound: C, 56.93; H, 6.36; Cl, 6.65; N, 12.97. 

Wral we for rrroriq the Z protoctlm ~rowpr A aolutlon of the 2 

protected paeudodlpeptido (1.1 rol) in KtOH (50 mL) containing 6N HCl (0.2 aL) wad 

hydrogenated at F pai and room temperature, In the presence of 10X PI/C (0.62 g) 

for 8 h. Tha catalyst warn romooed by filtration, and the filtrate wae evaporated to 



Synrhesis of kctomechykm dipqxides 5137 

drynear t.o leera the crude deprotected compound which wee purified on l l ilice gel 

colum using CRC13-?leOR (5:l). 

zaci.~be~(~oq)(~)ora (W. 78.5X Yield: foem; 18 NME (D20)6 1.55-1.80 (m, 

48, on B- end YCH2), 2.7W3.20 (m, 6B, COCB2, Orn eCB, On 6CR2, PheBa'), 3.44 

and 3.88 (2dd, IB, latenmlty ratio l:l, PheB CA"), 4.57 (m, Ph. 0(x0, 7.33-7.47 

(m, SH, Phe C#T). Anel. Celcd. for C15B24Cl2I2O~: C, 51.28; A, 6.89; Cl, 20.19; 

N, 7.98. Found: C, 51.55; II, 6.54; Cl, 19.89; N, 7.95. 

2BCl.Irp ~(COCB2)(RS)Orn (6b). 82X Yield; foam; 'H NHE (D20) 6 l.bO-1.80 (a, 

bH, Orn 6- and Y CB2), 2.65-3.20 (m, 5B, COCB2, Orno CR, Om 6CB2), 3.31 end 3.40 

(2dd, iii, Intensity ratio l:l, Irp BCB'), 3.57 and 3.70 (2dd, 18, Intensity ratio 

l:l, Irp SCA"), 4.66 Cm, lA, TrpeCE), 7.27-7.61 (m, bA, lndole H-2, H-5, H-6, 

A-71, 7.66 end 7.70 (Zd, 18, lntenrlty ratio 1:l lndole H-b). Anal. Celcd. for 

Cl7A25Cl2N303: C, 52.30; A, 6.46; Cl, 18.17; II, 10.76. Found: C, 52.10; I, 6.05; 

Cl, 18.12; N, 10.50. 

2ECl.Trp~(COCR2)(~)Arg (Obj. 60X Yield; foem; 'B Nl4R (D20) 6 1.40-1.75 Cm, 

bH, kg B- end Y CA2), 2.62-3.20 Cm, 58, COCB2, Arg a CR, Arg 6CA2), 3.32 end 3.40 

(2dd, lH, Intensity ratio l:l, Trp 6CH'), 3.56 aod 3.64 (2dd, lH, lntenelty retlo 

l:l, Trp BCH"), 4.63 Cm, 111, Irp aCH), 7.22-7.60 (m, bR, lndole H-2, H-5, 

A-6,H-71, 7.68 end 7.74 (2d, lA, Intensity ratio l:l, lndole A-b). Anel. Celcd. for 

C18A27C12N503: C, 50.00; A, 6.29; Cl, 16.40; N, 16.20. Found: C, 50.10; A, 6.20; 

Cl, 16.58; N, 15.93. 

2ECl.Trp~(COCE2)(~)Lye (12b). 62.5X Yield; foam; 'il NPIR (D20)6 1.10-1.80 (m, 

6A, Lye 6,-y- end 6CA2), 2.55-3.10 Cm, 5A, COCA2, Lye aCA, LysC C?I2), 3.30 end 3.38 

(2dd, lH, Intensity ratio l:l, Trp 6CH'), 3.52 end 3.62 (2dd, lA, intensity ratio 

l:l, Trp BCH"), 6.63 (m, lH, Trp a(X), 7.23-7.60 (m, bH, lndole H-2, H-5, H-6, 

H-71, 7.66 end 7.74 (2d, 18, Intensity ratio l:l, lndole R-b). Anal. Celcd. for 

Cl$27Cl2N303: C, 53.46; R, 6.73; Cl, 17.54; N, 10.39. Found: c, 53.37; 8, 

6.72; Cl, 17.85; N, 10.13. 
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