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p-Azobcnzenecarboxaniidonictliyl esters (OAbc esters) of scvcriil u-iiiiiiiio acids have been synthesized and 
characterized. Their application in  peptide cheniistry as a colorrd alkiili labile carboxyl protecting group 
was demonstrated. The esters arc compatible with coninionly used protccting groups. They are removed 
with aqueous potassium carboixitc in 15 - 20 min. 

Carboxyl protcction i n  pcptidc l i q u i d  ph;isc synthcsis should, aniong othcr things, 
promote the solubility of rcilctillit iind 10 f;iciIil;ik ptIrificiIlioi1 of product. 

In this  pilpcr wc dcscribc tlic prcpiri1tiOli ; ~ n d  uti1iz;ition of p-azobcnze- 
nerarbox;i~iiidoiiictliyl cstcrs which ilicrciisc the solubility o f  lhc syntliclic t‘rilglUClltS i n  
nonpolar solvcnts iIlid ;illow to nionitor co1oronictric;iIly or visu;illy their purification 
by c hro nia togril p h y or cou n t c r c u  rrc ii t d ist ri bu t i  on. C;I rbox;i iii i do iiic t h y I cs t ers 
showed good stiibility during rcmoval of Usuiil N-protccling groups and wcrc cleanly 
and sclcctivcly rcniovcd i n  mild i~lkilli~ic ~iicdi;~.  

y-Azobeiizc~icc;irl~ox;~~iiidomcthyI cslcrs (OAbc** cstcrs) V// wcrc prcparcd by two 
nicthods. Estcrs V//ir - V/lk (Tilblc I)  wcrc synlhcsizcd by iiiodi1ic;ition of a known 
inethod4 as one-pot proccdurc (Schcnic 1). A boiling iiiixturc of benzene and 
dimcthyl for~i i~~uide  dissolvcd aiiiino acids V rciidily i n  tlic prcscncc of sodiuni mcthy- 
late, crown ethcr illid cltiyl iIccIoiicctaIc. Con ip lc~  0 1  15-crown-5 with thc sodiuni salt 
of enaminc was foriiicd i n  scvcral minutes iilid then Ihc ;~lkyI;iting ;iycnt I / I  was added 
to the niixturc. y-(Broiiio;icct;iniido)iizobciizciic (111) wiis prcpilrcd by acylation of 

- 

~ ~~ ~ ~~ ~~ ~~ 

The author to whoni correspondence should be srn~.  
* *  Abbreviations used are i n  accordance with the rules of IIJI’AC-IUB Coniission on Biochemical 

Nomenclature (Biochcm. J. 2Z9, 345 - 373 (1984)). Ollicr iibbrrvinlions: Ahc, p-azobrnzenecarboxamido- 
methyl; Abu, y-aniinobutyric acid; DCCI, dicyclohexylciirliodiiniidc; D C l h  dicyclohexylamine; DCU, 
dicyclohrxylurea; Dho, diliydrocorotir acid; DMI:, dimrtliylTorm~iniidr; DMSO, dimrthylsulfoxide; EtOAc, 
ethyl acetate; McOlI, methanol; NMM, N-nictliylniorpholinr; I’fp, pentafluorophcnyl; TEk triethylamine. 
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1496 Zhuravlcv, Mazurov. Andronati: 

coniniercially available and cheap y-aniinoazobciizcnc* ( f )  with bronioacctyl bromide 
(10 of Schotten-Baumann conditions. 

/ U 

CH,~H,CO,C,H, + H,NCHRCO,H CH,CNHCHRCO,N~ -15-crown-5 - 
0 [ eHCO,C,H, . I 
N V VI 

3 
LY 

d BocMICHRC0,H - BocNHCHRC0,Na 9 15 - crown - 5  - 
vtll 

A BocNHCHRCO,fH,CONH e N = N a  Vllk-VIM 

xo-x9 

a) NaHCO,, YO, b) MrONa ,#-crown-5, M&H. c) 1.111,2.TorOH. d) MeONa, 15-crown-5, 
MoOH , r) I, WOH ,6O*C . 1) HCI , dloxrnr , 

SCHEME 1 

Removal of the acetoacetate N-protecting group was easily achivcd using solution of 
p-toluenesulfonic acid in  ethyl acetate. Appliciition of cquiniolar aiiiounts of 15-crown- 
5 or 18-crown-6 ethers in  respect to aiiiino acid sodium salts promoted their dissolution 
and allowed to prepare not otily esters of niost lipophilic aniino acids: phenylalanine, 
leucine, valine and phenylglycine, as by refe4, but also another (Table I). 

H y d rop hi 1 ic a iii i no a c i ds fa i led to d is so I vc i 11 the benzene4 i nie t h y I f o r m  niide 
mixture, and cystine was decomposed at thesc conditions. Therefore, esters VIII - VIIi 

p-Aminoazobenzene is classified as cancer suspect agent. 
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p-Azobenzenecarboxamidonietliyl Esters 1497 

(Table I) were synthesized from N-terl-butoxyrarl>ouyI aniiao acids VI/I by a procedure 
demonstrateds a few years ago. 15-Crown-5 complexes of N-protected amino acid 
sodiuni salts (14 wcre alkylated at the carboxyl group by bromoaretanilide I// (Scheme 
l), followed by a selective acidolytic cleavage of N-tcrt-butoxycarboiiyl amino acid 
y-azobe~izciiecarboxa~iiido~iicthyl esters (4. 

N-Protected dicarboxylic aniiiio acid a-esters Xlr - Xk wcrc obtained by this way via 
nionosodiurii salts (Schciiie 2). a-Carboxyl groups i n  iisparlic and glutaiiiic acid are 
more acidic than o-carboxyl nioictics6; thcrcforc, these acids form with one equivalent 
of a base a-salts, iiiainly, Sodiuiii salts arc ioiiizcd to a grcatcr cxtciit th;in, for example, 
triethyla1ii1iio1uuIii salts, and their appliciilio1i Ic;ids to the sclcclivc foriiiation of a-@-azo- 
be~izc~iccarboxa~iiidome~tiyI) esters with good yiclds. The foriii;ilioii of the a-esters has 
been confirnicd by synthesis of tert-buloxycarbonylglutaii~ic acid a-(p-azobcnze- 

TABLE I 
Physical data of amino acid p-azobenzcnecarboxinliJonicthyl esters VII 

Compound Yield, % M. p., 'C [u]::~ (c, MCOH) R~ (Solvent) 

MIa,  TsOH.H-Gly-OAbc 
M I b ,  TsOH.11-Ah-OAbc 
MIc, Ts0H.H-Met-OAbc 
MId. Ts0H.H-Phc-OAbc 

M I L  Ts0H.I-1-lle-OAbc 

M I h ,  TsOH.II-Tr~i-OA1~ 
Mli ,  Ts0H.l I-Val-OAbc 
M l j ,  Ts0lI.H-Pro-OAbc 
M l k ,  TsO€I.II-Ah-OAbc 
M I / ,  IICI.11-Ala-OAk 
Mlm,  kICI.H-Ser-OAbc 
MIn,  HCI.11-Asn-OAbc 
MIo,  HCI. €i-G In - 0 A  bc 
MIp, HCI.H-Arg(N02)-OAbc 

Mlr, HCI.H-IIis( Dnp)-OAbc 
M I q ,  HC1.H-Thr-OAbc 

M I S ,  IIL~I.IH-L~s(Z)-OA~~ 
M I [ ,  HCI.H-Cys-OAbc 

HCl.tI-C;s-OAbc 

93 
75 
76 
82 

87 

85 

70 

65 
88 
79 
92 
94 
95 
87 
90 
92 
94 
90 
85 
89 

208 
195 

198 - 201 
242 

25 8 

231 

246 

128 - 131 
137 
165 
152 
205 
209 

IS0 - 1S9 
IS5 - 187 

hygr. 
foam 
185 

foam 
125 

- 
-5.7 ( I )  

t 15.0 (1) 
4 . 3  (1) 

t13.5 (1) 

t11.7 (1) 

+7.8 (1) 

t3.5 ( 1 )  
t6.0 (1) 

t15.5 ( I )  
- 

t20.1 (1) 

t49.4 (0.95) 
t40.2 (1) 

t17.3 ( 1 )  

- 
- 

t17.7 (1) 

t30.0 (1) 

- 

0.43 (C) 

0.67 (C) 
0.31 (B) 
0.51 (D) 
0.24 (B) 
0.48 (D) 
0.26 (B) 
0.45 (D) 
0.26 (B) 
0.32 (D) 
0.81 (C) 
0.27 (B) 
0.69 (C) 
0.21 (D) 
0.19 (C) 
0.50 (C) 
0.43 (C) 
0.35 (C) 
0.44 (C) 
0.38 (C) 

0.87 (C) 
0.70 (B) 

0.49 (C) 

0.35 (C) 
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necarboxaniidomcthyl) ester y-bcnzyl ester (X l )  l'roni Xi. Mcthylciic protons of y-beiizyl 
group of N-protcctcd glutaniic iicid Y-bcIizyI c s t c r ~  appciir ils singlet i n  'H NMR spectra 
as distinct froin a-bciizyl estcr, which givcs doublet for the siiiiie protons in  hexa- 
deut~riodiiiicthylsulfoxide~. Also a n  ct1uiviilclicc of y-bclizyl iiicthylciie protons 
remains for diestcr XI. 

X I - X I  
X r B o c , Z  
n I 1,2 

a) tMeONa,15-trown-5,MeOHl 2.111 

SCIIEME 2 

The aliiino iicid ~ - ~ ~ ~ b ~ ~ ~ ~ ~ i i ~ ~ i ~ ~ l ~ ~ ~ ~ ~ ~ i ~ i d ~ ~ ~ ~ ~ ~ t l i ~ l  cstcrs 1)rcpitrcd iirc very pure aiid 

can be used for pcptidc syiithcsis witliout further purificiitioii. Thcir structure was 
confiniicd by 'H NMR spectroscopy ( S O I I I ~  c x i ~ l ~ p l c s  iirc listcd i n  Tiiblc 11). 

TABLE I I  
'H NMR data (6, pprn) of some anlino acid p - a z o b r ~ ~ z c . ~ ~ c c ; ~ r l ~ x ~ ~ ~ ~ ~ i ~ o ~ ~ ~ r t l ~ y I  csicrs 

Amino acid A Ix: 

hr CH3 Corn- 
pound Cull CBII Cyll Cbll N I I  C ' I I t  N I I  

VIIC 

vlllta 

Vllrnb 

Vllr 

Xi 

XI 

X l l f  

4.33 2.19 2.76 

4.48 3.45 

4.10 3.78 

4.09 3.42 

4.13 1.69 1.69 3.20 7.60 

4.20 1.93 2.10 7.50 

4.24 1.95 2.16 7.60 

4.26 3.76 9.5 1 

4.97 10.71 

4.93 10.62 

4.97 1O.M 

4.65 11.02 

4.82 10.50 

4.77 10.50 

4.83 10.50 
5.10 

4.70 10.85 

8.00 - 7.15 2.33 

7.99 - 7.05 2.33 

9.03 - 8.83 
8.18 - 7.60 

7.98 - 7.84 1.41 
7.67 - 1.59 

8.04 - 7.50 1.44 

7.97 - 7.40 1.43 

7.35 - 7.07 1.43 
6.56 - 6.51 

Other protons:' 11.13(NIl). b4.35(011), '5.2O(OIl). 
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SCHEME 3 

EXPER I hl ENTA L 

Optical rotations were measured with a Perkin-Elnicr '241 M C  polaritiieter. Proton niagnctic resonance 
spectra (6, ppm) were obtained with a Brukcr '250 instrument i t1  1irx;ideutcriosulfoxide with tetra- 
methylsilane as internal standard. The nielting points are uncorrected. Dried peptide samples wcre hydro- 
lysed '24 h at 110 'C in 6M HC'I and an;ilyzed on an aniino acid aniilyzer typc AM 851 (Mikrotechna, 
Prague). High performance liquid chromatography was pcrlornicd on Du I'ont Instruments Model 5800 and 
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Zliuravlcv, Mazurov, Andronati: 1500 

Zorbax C8 analytical column (4.6 x 250 mni), methanol-water. 4 : 1 ,  isocratic mode. For TLC precoated 
plates Silufol (Kavalier) and Kieselgel 60F-254 (Mcrck) were used with following solvent syslems: (A) 
benzene-acetone-acetic acid, 100 : 50 : 1; (B) chlorolorm-cthyl acclatc-methanol, 9 : 3 : 2; (C) butanol- 
acetic acid-water, 4 : 1 : 1; (D) chloroform-cthyl acetate-methanol-acetic acid, 9 : 3 : 2 : 1; (E) ethyl 
acetate-pyridine-acetic acid-water, 5 : 5 : 1 : 3. 

p<Bromoacetamido)azobcnzcne (Ill) 

p-Aminoazobenzene (5.0 g, 25.3 mmol) was dissolvrd i n  cliloroforni (40 nil) and  added water (40 ml). The 
reaction mixture was cooled to 10 'C and with vigorous stirring bromoacetyl bromide (2.3 nil, 27 mmol) 
was added dropwise at 10 'C. By slow addition of sodium carbonate p l i  of the solution was kept at 9. The 
mixture was stirred for additional 30 min.  Precipitated aniide Ill was filtered, waslird with cold chloroform, 
dried and recrystallized from cliloroform-oietlianol (4  : 1) to give 7.66 g (95%) of 111. m.p. 166 - 168 'C, 
R~0.89 (A). ' I i  NMR spectrum: 10.83 s, 1 I i  (NII); 7.99 - 7.85 and 7.66 - 7.57 m, 9 I 1  (arom.); 4.15 s, 
2 H (CH2). For C,,H12N30Br (318.2) calculatcd: 52.8% C, 3.S% !I, 13.2% N: found: 53.1% C, 3.5% H, 
13.4% N. 

Amino Acid p-Azohenzenccarboxaniidomcthyl Lter Sitlts (Vll ) .  Cicncral Proccdure 

Mrfhod A .  A mixture of a n  amino acid (V; 10 niniol), DMF (10 nil), benzene (10 nil), 2id solution of 
sodium metlioxide in  methanol (5 nil), 15-crown-5 (2.2 g, 10 mol) and ethyl acetoacetate (It 1.5 ml, 11 
mmol) was refluxrd for 20 niin using Deanatark iid:iptcr containing hcnzrnr. 'l'hcn. 111 (3.18 g, 10 mmol) 
was added, the mixture was stirred at 50 'C for 3 h and diluted with rtliyl acetate (50 nil). The solution 
was washed with brine, drird over tnagncsium sulf.tte atid ecidil'ird with anhydrous p-toluencsulfonic acid 
(1.72 g, 10 mmol). Prccipitatrd orange crystals or s;ilts Vlln  - Vllk were riltcrcd and washcd with ether. 
Yields and physico-chemical dnla are givrn i n  Table I. 

Method B .  To a N-tcrt-butoxycarboayl amino acid ( V I I I ;  10 nimol) in  DMF (10 nil), 2~ solution of 
sodium methoxide i n  methanol (5  nil), 15-crown-5 (2.2 g, 10 mniol) and 111 (3.18 g, 10 nimol) were added. 

TABLE I l l  
Physical data of N-protected amino acid p-azobenzcnec:trbox;tniidomcthyl eslcrs 

Compound Yield, u/o M. p.. 'C [u]27, (c .  McOlI) RF4 

Xa, Boc-Na-OAbc 86 112 +I85 ( I )  0.80 
Xb, Boc-Ser-OAbc 74 85 -20.5 ( I )  0.74 
Xc, Boc-Asn-OAbc 76 113 - 115 -17.2 (1) 0.44 
Xd, Uoc-Gln-OAbc 82 162 - 164 -7.5 ( I )  0.72 
Xe, Boc-Arg(NO&OAhc 69 97, -5.3 (0.74) 0.35 
Xf, Boc-Tli r - 0  Abc 85 118 -31.5 (1) 0.70 
Xg, Boc-Lys(Z)-OAbc 72 98 - 101 t2 .4  (1) 0.71 
Xh, Z-Glu-OAbc DCIIA 68 180 t 15.0 (1) 0.40 
Xi, Boc-Glu-OAbc 65 I30 t17.4 (1) 0.65 
Xi, Boc-A~p-OAbc DCI IA 62 187 -27.0 (1) 0.42 
Xk, Boc-Asp-OAhc DCI iA 50 125 +5.0 ( I )  0.55 

a I n  solvent systrm (A). 
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pAzobenzenecarboxamidoniethy1 Esters 1501 

The solution was kept at 50 'C for 30 min and then diluted with ethyl acetate (50 nil). Organic phase was 
washed by 50 ml portions of saturated sodium hydrogen carbonate and brine and dried over magnesium 
sulfate. After removal of tlie solvent the residue was triturated with diethyl ether. The orange crystals were 
collected by filtration, washed with ether and dried in vacuum to give ester X. Yields and physical data of 
ester X are given in Table Il l  and elemental analyses i n  Table IV. Derivatives X were N-deprotected by 4M 

HCI in dioxane (5 ml) for 30 min at room temperature. Then, tlie solution was evaporated to dryness in 
vacuum at 50 "C. The residue was washed with ether and dried in vacuum to give salts MI/ - Mlt.  Yields 
and physico-chemical data are given i n  Table I. 

TAI~LE Iv 
Elemental analyses of N-protected amino acid p-azobenzenrcarboxnniidomethyl esters X 

Ca I cula trd/Fou nd 

%(' % I 1  % N  

Com- 
pound Formula M. w. 

Xa 

Xb 

xc 

Xd 

Xe 

Xf 

xg 

Xh 

Xi 

xi 

Xk 

C221126N405 

'22' 126N406 

'23' IXN4'6 

C24t128N406 

C3~13,N707 

'23' 127N306 

C331138N407 

C3Q' 148N407 

c241130N307 

C38H46N407 

C3S1'48N407 

426.2 64.0 
63.9 

442.2 64.0 
64.3 

454.2 60.8 
61.2 

465.2 61.6 
61.3 

541.2 55.5 
55.2 

441.2 62.6 
62.6 

602.3 65.8 
66.2 

642.3 72.9 
73.1 

472.2 61.0 
61.1 

670.3 65.1 
68.0 

636.3 66. I 
66.4 

6.1 
6.3 

6.1 
6.5 

5.7 
5.9 

6.0 
6.3 

5.7 
6.0 

6. I 
6.0 

6.3 
6.7 

7.5 
7.5 

6.4 
6.5 

6.9 
7.2 

7.5 
7.8 

10.2 
10.3 

10.2 
10.6 

12.3 
12.3 

12.0 
11.9 

18.1 
17.7 

9.5 
9.9 

9.3 
9.4 

8.7 
9.0 

8.9 
8.5 

8.4 
8.5 

8.8 
8.8 
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N-Protected Dicarboxylic Aniino Acid u - @ - ~ o b ~ n z c n ~ c a r b o x a n i i d o n i e ~ l i y I )  Estcrs X h  - X k .  General 
Procedure 

To a solution of N-protected dic;irboxylic aniino acid (IX; 10 tnniol) i n  DMF (20 nil), 15-crown-5 (2.2 g, 
10 mmol), 2M solulion of sodium niclhoxide i n  nicIIi:inol (5 nil )  and  If/ (3.18 g, 10 iiiniol) was added. I'he 
reaction mixture was kept at 50 'C for 30 niin and diluted with elliyl iicctiiIe (50 nil). 'I'he organic solution 
was washed with water (50 nil), 0.01M pot:issium ciirboii:ilc ( 3  x 25 nil), dried over niagncsiuni sulhte and 
evaporated under reduced pressure. Esters Xtr, Xj, X k  wcrc isolalcd as DC'IIA salls from elhyl acetale. Ester 
Xi was recryslallizrd from ethyl eceiiile-hexme, 

p-(llydroxyacctaniido)azobci~enc (HI) 

The mixture of /I/ (477 nig, 1.5 niniol) and fused sodiuni acetate (I30 nig. 1.6 niniol) was stirred at 50 'C 
for 3 h. Then, 5 nil of 25% NII,OII was added. Al'icr slirring i l l  rooni Iciiipcralure for 30 min. the solution 
was diluled with elhyl acetate (20 nil), waslicd wilh w:ikrq dried over ni:iprrcsiuin sulfalc arid cvaporalcd. 
The residue was rccryslillizcd from cthyl iiccLltc-hrx:inc (3 : 1) 10 yield 2% nig (75%)) of XI/.  m.p. 169 - 170 'C, 
RF0.55 (A). l t l  NMR spectrum: 10.12 s, 1 1.1 (NII): Y.O - 7.89 iiiid 7.71 - 7.55 in, 9 I I  (aroni.): 5.79 s, 1 11 
(OH); 4.10 d, 2 t I  ('J = 6.0 tlz, CI12). For CtJ I13N302 (155.3) c~iIcul;iied: 65.9% C, 5.1% 11, 16.5% N; 
found: 66.3% C, 5.0% 11, 16.1%) N. 

Boc-Scr-OCI I,CONI ICJ lJNl I?-p (XJII) 

Compound X b  (0.35 g, 0.79 niniol) wiis 1iydrogcn:iicd lor 23 Ii i i i  6 nil nictliiinol i n  the prcsrncc of 10% 
Pd/C (50 nig) catalyst at room temperature and iiliiiosplicric pressure. l'lic solvent was evaporated to 
dryness. Anilide Xlll was isolated by fl;ish-cliroiii;ilogr;Iphy (ethyl acctiitc-hexiinc 3 : 1). Yield 189 mg 
(68%). R ~ 0 . 2 5  (D), n1.p. 75 Y'. 

Boc-Na-Nu-OAk (XI V) 

Boc-Ala-Of1 (0.25 g, 1.31 niniol) was dissolved i n  ' I ' IIF.  To this solulion, coolcd 10 -10 'C, N-hydro- 
xysuccininiide (166 mg, 1.4 iiiniol), DCCI (298 nig. 1.4 iiiiiiol), ' I ' ~ ( ~ l I . l l - A l ~ ~ - ( ~ A l ) c  (VIIL; 656 mg, 1.3 mmol) 
and NMM (0.15 nil, 1.3 niniol) were added. After 6 h stirring ;it room tcmpcr;ilurc, prccipit;ircd DCU was 
filtered off, and filtrate was cvaporatcd. The residue wiis dissolved i n  elhyl ~ ~ ~ * e l i i k  (50 nil), washed with 
0 . 1 ~  HCI (2 x 50 nil), brinc, 5% NiiIICO3, brine iind dried over MgSO.,. 'l'hc solution was evaporated to 
give 533 nig (81%) of derivative XlV, ItF 0.58 (B), n1.p 93 - 95 'C, [u]g$, -35.5' (c 1, McOlI). 

Glp-Asn-OAbc (XV) 

The solution of llCl.ll-Asn-OAlx (VIfjr; 3.13 g, 7.7 niniol). NMM (0.86 nil. 7.7 niniol) and GIp-OPfp (2.5 g, 
8.5 mniol) i n  DMF (20 ml) was kept overnight a1 rooni tciiiper(iturc and tl icn diluted with ethyl acetate (30 nil) 
and water (30 nil). The prccipi1;ikd solid wiis treiilcd by hot niclliiinol to yield 1.3 g (62%) of dipcptide 
XV, m.p. 260 'C, RF 0.50 (C), 

Glp-Asn-OII (XVI)  

A solution of K2CY)j (1.3 g, 9.4 iiiiiiol) i n  water (5 1111) was d d c d  10 a suspciisioii of ester X V  (2.3 g. 4.7 mmol) 
i n  D M F  (20 nil). The reaction niixture was stirred for 30 iiiiii and  a f k r  dilulion with water (20 ml) 
extracted with ethyl acetate (3  x 20 nil). I'hc :ic~ucous layer WLIS adjusird to p I I  4 - 5 iind cvaporaled 10 

dryness. The residue was cxlrx-led by liol anhydrous c1h:inoI ( 2  x 30 nil). Ilic solutioii was filtcred and 
evaporaled lo afford 1.0 g (S6%) of dipcpiidc XVI, n1.p. 262 - 263 'C', [u]& -40.3' (c  1, IIzO), ItF0.26 (C). 
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8-Azobenzenecarbox;iniidomcthvl Esters 1503 

'H N M R  spectrum: 11.31 s. 1 II (COOIr); 8.74 d, I I I  (NIL Asn); 7.94 s, 1 I I  (NII, Glp); 4.53 m, 1 H 
( c l l l ,  Glp): 4.03 m, 1 I I  (C'll. Asn); 2.50 111 2 I I  (CI'112, Asn), 2.31 ni. 2 I I  (Cyllz, Glp); 2.25 m, 2 II 
(Cfilll, Glp). 

Boc-Gln-Abu-OAbc (XVII) 

Compound Vllk  (5.647 g, I5 mniol) was dissolved iii I5 nil of T I I F  Et3N (7-.OY nil), I lOBt  (2.02 g, 15 mmol) 
and Boc-Gln-ONp (5.52 g, 15 niniol) were added to tlic wlutioi i .  'I'he Iii ixturc wiis stirred for 10 h at room 
temperature. E thy l  acctiite (40 nil) was added and tlir orgiinic I'iyer was worked up as described for 
dipeptide XIV. Crude dipeptidc XVII was isoliitcd by f l i is l i~~~l i ro i i i i i to~r . i~ ) l iy  (1icx:ine-iicctone 1 : 2). Y ie ld  
2.0 g (37%), R ~ 0 . 1 5  (A), 0.37 (l3). 

I ICI . t  I-GI n- Ah-OAbc (XVIII) 

Crude dipeptide XVll (1.0 g, 3.52 niniol) wiis trciited by 4~ IK'1 in dioxiinc (5 nil) for 40 min. Dioxane 
was evaporated under vacuum and the residue wiis trituriitcd wi th  dictliyl ether to idford 1.56 g (97%) of 
hydrochloride XVIII. RF 0.38 (C). 

Dho-GI n-Abu-OAbc (XIX) 

Dho-OPlp (0.9 g. 2.77 niniol) was added to a solution of Iiydror~liloridc XVIII (1.54 g, 3.07 niniol) and 
Et3N (0.43 ni l ,  3.07 niniol) i n  30  nil of TIIF. After  st irr ing for 5 11, prccipitiitc wiis f i l tered off and 
resuslxnded in  I M  1Kl. The product W:LS sepiiriitcd iiiid dried to yield 1.78 g (06%) or peptide XIX, RF0.45 (C). 

Dho-Gln-Abu-NI I? (AX) 

Ester XIX (1.78 g, 1.93 niiiiol) wiis dissolvcd i n  15 1111 DMI;  iiiid i i i ixcd L b i t l i  12 nil of 25% NII,OH. The 
niixturc was stirred for I I1 i i t  room tcniperiiture. tlicn diluted wi th  20 nil of dictliyl ether. Aqueous layer 
was s e p m t c d  and cvilporiited undrr viicuuiii. 'l'lic residue wiis crystiilli/.cd I'roni :iqucous etli;inol. Y ie ld  
0.55 g (51%), R F  0.62 (E).  0.18 (C), [ L X ] ~ '  +17' ( c  I ,  l l + j ) .  ' I 1  NMIt spcctruni: 8.12 d, 1 I I  (NII, Gln); 
8.01 I, 1 I 1  (NIL A h ) ;  7.67 and 7.59 s, 2 I I  (NII. Dlio); 7.22 iind 6.76 s. 1 I I  ( N l l l ) ;  4.19 m, 1 I 1  (CW, 
Gln): 4.17- m, 1 11 (C"11, Dho): 3.11 m. 2 I I  (Cull. A h ) :  2.78 in. 2 I I  ( ( ' I ' l l2 ,  Dlio); 2.18 m, 2 I I  (CrH2. 
A h ) ;  1.10 ni. 2 11 (C7112. Gln); 1.78 ni, 2 I I  (C1311z, Ciln); 1.64 ni. 2 I I  (C' l i l12 ,  A h ) .  

Boc-Ala-NI INH, (M") 

T o  a solution of Bur-Ala-OAhc (IXrr; 250 mg, 5.8 iiiniol) i n  DMI: (5  nil) wiis :iddcd Iiydrazine hydrate 
(0.11 mi). After stirring at  room teiiipcriilure for 40 iiiiii, the niixturc wiis cviiporatcd to dryness. Ilie resi- 
due was triturated wi th  ether to d h d  106 nig (90%) of Iiydrazide XXI, 111.1). 110 - 117- "C, [a];' -44.8' 
(c 1.0. IM IICI), (ref.' [ u ] & ~  -45" ( c  I ,  IM IICI)). 

The authors are iirlbtrcl to M r  V. G'orbotyirk for nirasrrriiifi tlrr ' I /  N M R  spc.c/rci. 
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