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of a peptide of over 100 residues. This synthesis underscored 
the problem. The yield of the final coupling of a 44- with a 
60-residue peptide was ca. 3%. Other efforts in enzyme syn
thesis have yet to be completed.2'4'5 Difficulties arise from the 
second-order kinetics of peptide coupling and from the 100-
to 1000-fold lower molar concentrations due to the increased 
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Scheme I. "4CC Synthesis" 
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P1 : NH2-protected amino acid, peptide 
P2 : COOH-protected amino acid, peptide 
R': alkyl, aralkyl 
R2: alkyl, aralkyl, aryl 
(numbers 1—18 represent structures; numbers 19—51 repre
sent compounds) 

Scheme II. "4CC Fragment Condensation" 
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size and sharply decreased solubility in organic solvents of large 
protected peptides vs. small ones. Consequent ly the ra te of 
peptide bond formation may become slower than irreversible 
intramolecular side reactions, racemizat ion, a n d / o r pseudo-
first-order interactions with solvents. St ronger carboxyl acti
vation would be of little avail and only increase the danger of 
racemizat ion. If, instead, the act ivated carboxyl of one com
ponent and the free amino group of the other could be pre-
locked into close proximity the actual peptide bond formation 
would become a concentration-independent in t ramolecular 
reaction. The four-component condensation ( 4 C C ) 6 developed 
by Ugi et a l . 7 _ 1 ' provides such a mechanism for peptide frag
ment condensat ion. 1 2 

In the 4 C C a carboxylic acid component , an amine , an al
dehyde, and an isonitrile produce an unstable in termedia te a 
adduct (s t ructure 5 or 10) which forms a stable peptide de
rivative (6 or 11) by a fast intramolecular rearrangement. This 
reaction may be utilized to synthesize t r ipept ide derivatives 
in one step ("4CC synthesis", Scheme I) or, al ternatively, to 
couple two peptide intermediates ("4CC fragment conden
sation", Scheme I I ) . 8 

In " 4 C C synthesis", Scheme I, an NH2-pro tec ted amino 
acid or peptide (1), a suitable primary amine (2) , an aldehyde 

(3) , and an isonitrile derivative of a C O O H - p r o t e c t e d amino 
acid or peptide (4) form a new central amino acid residue in 
situ from the components 2 (nitrogen), 3 (a-carbon and amino 
acid side cha in) , and 4 (carboxyl ca rbon) . 1 4 This approach 
requires (a) racemization-free synthesis of the isonitrile 
component (4) , (b) stereoselective reaction to obtain the de
sired configuration at the central a carbon through asymmetric 
induction by suitable optically active pr imary amines (2) , and 
(c) facile cleavage of the N - R 1 bond of structure 6 to produce 
the desired peptide, s t ructure 7. 

In " 4 C C fragment condensat ion" , Scheme II , an N o n 
protected amino acid or peptide (1) is coupled with a 
COOH-pro t ec t ed amino acid or peptide component (8) to 
produce a peptide in which the a ldehyde (3) and isonitrile 
components do not contr ibute any of their a toms to the final 
product (12) . 7 This strategy requires aldehydes (3) which 
provide high yields of product, s t ruc ture 11 , from which the 
auxiliary moiety N ( C H R 2 C O N H R 3 ) can be readily cleaved 
to afford the final product, s tructure 12, under nondestructive 
conditions. 

The 4 C C has been described8 as "easy to carry out and to 
proceed with excellent yield (often quanti tat ive) under a wide 
variety of conditions (t0 = - 8 0 0 C to + 8 0 0 C in solvents such 
as benzene, methylene chloride, te t rahydrofuran, dimethyl
formamide, methanol , and water at . . . 0 .01-3 .0 M initial 
component concentration)". Most experiments, however, have 
been conducted with simple model compounds. Ugi et al. have 
focused their studies on the solution of the stereoselectivity 
problem in " 4 C C synthesis" 8 with excellent resul ts . 1 4 ' 1 5 

W e were interested in application of the 4 C C to peptide 
fragment condensation7 under reaction conditions commonly 
used in syntheses of biologically active peptides.2 This paper 
reports results of exploratory studies on (1) the influence of 
solvents on the efficacy and product yield of " 4 C C synthesis" 
(Scheme I ) , (2) a potential formation of a central glycine 
residue in " 4 C C synthesis", and (3) the practicali ty of " 4 C C 
fragment condensat ion" (Scheme I I ) . 

Results and Discussion 

A. Solvent Influence on 4CC Synthesis. The choice of organic 
solvents for peptide coupling narrows rapidly with increasing 
size of the protected in termediate components . Eventually, 
hexamethylphosphoramide, dimethyl sulfoxide, or even molten 
phenol 1 6 remain as last resort. It was, therefore, impor tant to 
examine the compatibil i ty and efficiency of 4 C C in solvents 
of high dissolving power for protected peptides. In a s tandar
dized " 4 C C synthesis" (Scheme I I I ) equivalent amounts of 

Scheme III 

Ac-GIy-OH + BzI-NH2 + (CH3)2CHCHO + CNCH2COOBu-J 

— - Ac-GIy(JV-BzI-DL-VaI)-GIy-OBu-* 

18 

acetylglycine, benzylamine, isobutyraldehyde, and tert-butyl 
2-isocyanoacetate1 7 - 1 9 were combined in different solvents at 
0.5 M concentrat ion and the yields of the ensuing model tri
peptide /Va-acetylglycyl-DL-./V-benzylvalylglycine tert-buty\ 
es ter 2 0 (18) were determined following isolation and crystal
lization. T h e results, 75% yield of 18 in C H 3 O H , 72% in 1-
butanol , 6 8 % in 2,2,2-trifluoroethanol, 6 1 % in 1,1,1,3,3,3-
hexafluoro-2-propanol,2 1 5 1 % in C H C l 3 or C H 2 C l 2 , 49% in 
dioxane, 48% in tetrahydrofuran, and 20 -30% in a wide range 
of solvents including C H 3 C N , liquid N H 3 , diethyl phosphite, 
dimethylacetamide, dimethylformamide, dimethyl sulfoxide, 
hexamethylphosphoramide , l -methyl-2-pyrrol idone, phenol, 
pyridine, tetramethylenesulfone, and toluene, clearly indicated 
tha t good yields were obtained with alcohols as solvents. 
Similarly, 67% of crystall ine iVa-phthalylglycyl-iV-(a-cyclo-
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hexylcarbamoyl-2-nitrobenzyl)glycine /er/-butyl ester (23) 
was obtained with methanol as a solvent, while the yield with 
dimethylformamide was 13%. 

In our experience the choice of solvents in 4CC is narrow. 
To obtain good yields alcohols have to be used. Yields were 
poor with many other solvents including several (DMF, 
Me2SO) of strong dissolving power for large protected pep
tides.22 However, the good yields obtained with trifluo-
roethanol and hexafluoro-2-propanol in 4CC are a very en
couraging result, since both alcohols are good solvents for 
otherwise poorly soluble protected peptides.21 

The standardized "4CC synthesis", Scheme III, was also 
used for a brief study about the influence of different amine 
components (R ' ) on the formation of Ac-GIy-(N-R' -DL-Val}-
GIy-OBu-/ in methanol. Yields of crystalline tripeptide de
rivatives were 40% of compound 19 using 2-nitrobenzylam-
ine,23 28% of 20 with 2,4-dimethyloxybenzylamine, and 45% 
of 21 with 4-aminomethylpyridine, while the use of 2-nitro-
phenylsulfenylamine24 produced Nps-DL-VaI-GIy-OBu-/ (22) 
instead of the desired tripeptide derivative. 

B. Potential Formation of Central Glycine Residue. The 
"4CC synthesis", Scheme IV, forming a glycine residue with 

Scheme IV 
CH2CH(CH3)O 

ZAIa-OH + NH3 4 HCHO + CNCHCOOBiH 
—* Z-Ala-Gly-Leu-OBu-i 

the use of ammonia and formaldehyde would be ideal for 
coupling peptide fragments which are connected in a target 
sequence by glycine residues. The obvious advantages of this 
approach would be elimination of the need for both stereose
lective induction and final cleavage from the product of un-
desired N substituents (R1 in structure 6). However, Ugi re
ported9 that the use of ammonia can lead to irreversible side 
reactions, e.g., the Passerini reaction.25 We wondered whether 
forcing conditions as the use of liquid ammonia as a solvent 
might succeed. In several attempts addition of paraformal
dehyde or gaseous formaldehyde to a solution of benzyloxy-
carbonyl-L-alanine and tert-buty\ 2-isocyano-4-methylval-
erate26 in refluxing liquid ammonia did not produce any de
tectable tripeptide (Z-Ala-Gly-Leu-OBu-/), but the formal
dehyde was rapidly converted to hexamethylenetetraamine 
which precipitated from the solution. This approach was 
therefore abandoned. 

However, the reported1 ' successful use of formaldehyde 
along with benzylamine, phthalylglycine, and tert-buty\ iso-
cyanoacetate to form Pht-Gly-jN-Bzl-Glyj-Gly-OBu-? in 83% 
yield indicated that fragment condensation of a connecting 
glycine residue would still be feasible if a cleavable N sub-
stituent (R1 in structure 6) is used.8 1 4 , 1 8 2 7 In preliminary 
experiments we obtained Z-Ala-j/V-Bzl-Glyj-Leu-OBu-f, but 
it was contaminated with several unidentified side products 
and an evaluation of this approach will need further investi
gation. This strategy also requires preparation of isonitriles of 
the COOH-terminal peptide fragment14 which may still 
present difficulties.8'2829 

C. Peptide Fragment Condensation.7 The "4CC fragment 
condensation" shown in Scheme II permits condensation of 
conventionally prepared peptide fragments without prior or 
additional modification, i.e., coupling of an NH2-terminal 
N-protected peptide with a COOH-terminal carboxyl-pro-
tected peptide. This approach depends critically on the facile 
cleavage of the auxiliary N substituent ( -CHR 2 CONHR 3 in 
structure 11) under mild conditions and without decomposition 
or racemization of the final product (structure 12). This re
quires assistance of the cleavage reaction by the group R2 of 
the aldehyde component (3). Use of 2-nitrobenzaldehyde30 (R2 

= i) for potential photolytic cleavage31 of 11 was reported8 to 
be restricted to very simple model compounds. The 2,4-di-
methyloxybenzyl and the 2,4,6-trimethyloxybenzyl groups may 
be removed from the amide nitrogen atom by treatment with 
trifluoroacetic acid.32 Ugi et al.8 proposed the use of N-tert-
butyloxycarbonylindole-3-aldehyde (R2 = ii) for acidolytic 

NO2 

- & 

cleavage of structure 11 —• 12 using trifluoroacetic acid, and 
applied it to the synthesis of several dipeptides. 

The usefulness of several aldehydes in "4CC fragment 

condensation" was assessed by the preparation of crystalline 

derivatives, structure 13, of the model dipeptide Pht-Gly-

GIy-OBu-/ as shown in Scheme V (compounds 23-31, Ex-

Scheme V 

Pht-Gly-OH + H-GIy-OBu-? + CN—( H ) + R2CHO 

R2CHCONH-/ H \ 

Pht-Gly-NCH,COOBu-< 
13 

cleavage 
Pht-Gly-Gly-OR 

14 

perimental Section). Methanol or methanol-dimethylform-
amide mixtures served as solvents. The use of 2-nitrobenzal
dehyde yielded 67% of product 13 (R2 = i); 3-nitrobenzal-
dehyde yielded 50%, 2,4-dimethyloxybenzaldehyde 34%, 
3,5-dimethyloxybenzaldehyde 69%, 4-pyridinecarboxaldehyde 
60%, ./V-ierf-butoxycarbonyl-3-formylindole33"35 56%, and 
3-formylindole 45% of respective products.36 The results, as 
summarized in Table I, encouraged studies on tetrapeptides. 
The dipeptides Z-GIy-AIa-OH and H-Leu-Gly-OBu-f were 
coupled by ( " 4 C C . ) fragment condensation" with the aid of 
cyclohexyl isonitrile and three different aldehydes, each in 
methanol, to produce tetrapeptide derivatives (structure 15, 
Scheme VI). Using 2-nitrobenzaldehyde, condensation pro-
Scheme VI 
Z-GIy-AIa-OH + H-Leu-Gly-OBu-t + C N — ( Q ) + R 2 C H 0 

R2CHCONH 
condensation 

Z-Gly-Ala-NCHCO-Gly-OBu-t 

CH2C ;,CH(CH3)2 

15 
cleavage 

* Z-Gly-Ala-Leu-Gly-OR 

16 

49,R2inl5 = ( 0 

PCH3 

50,R2 in 15 = CH 3O— (Cj)— 

5LR2 in 15 = N ( Q \ — 

ceeded to 71% completion within 15 h at 20 0 C to provide 
Z-Gly-Ala-./Va-(a-cyclohexylcarbamoyl-2-nitrobenzyl)-
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Table I. Peptide Fragment Coupling by Four-Component Condensation (Scheme II) 

Pht-Gly-OH 

Pht-Gly-OH 

Pht-Gly-OH 

Pht-Gly-OH 

Pht-Gly-OH 

Pht-Gly-OH 

Pht-Gly-OH 

H-Gly-OBu-r 

H-Gly-OBu-f 

H-Gly-OBu-f 

H-GIy-O Bu-f 

H-GIy-OMe 

H-Gly-OBu-r 

H-GIy-OMe 

Formation of Model 

CN—/"H\ 

C N — / H \ 

CN—(~H) 

CN—(~H\ 

CN—/H\ 

CN—(~H) 

C N — / H \ 

% 
condens 

(compd 
no.)* 

Dipeptide Pht-Gly-Gly-OR (Scheme V) 
NO2 

v3)—CH0 

OCH3 

CH 1O— (CJ)—CHO 

N @ ^ C H O 

I 
Boc 

^. ^CHO 

I 

H 

H 

67 

34 

60 

53 

56 

45 

35 

(23) 

(25) 

(27) 

(28) 

(29) 

(30) 

(31) 

% 
cleavage 

61 

38 

d 

IA 

70 

81 

79 

[reaction]6 

[hv\ 

[H+]C 

[e] 

[H+] 

[H+] 

[H+] 

[H+] 

(compd 
no.y 

(35) 

(36C) 

(ref 42) 

( 3 2 ^ 3 6 A ) 

(31B->37) 

(36B) 

(37) 

Z-GIy-AIa-OH 

Z-GIy-AIa-OH 

Z-GIy-AIa-OH 

Formation of Tetrapeptide Z-Gly-Ala-Leu-Gly-OR (Scheme VI) 

NO2 

H-Leu-Gly-OBu-f 

H-Leu-Gly-OBu-r 

H-Leu-Gly-OBu-r 

CN' 71 - 0 <Q|>-CH0 
OCH2 

—© CHp—(Q^—cm 75 

N(Q)—CHO 56 

CN' 

C N — ( H 

(49) 

(50) 

(51) 

78 

10 

[hv] (45-4CC) 

(47-4CC) 

a See Experimental Section. bhv, photolysis at 350 nm; H+, acidolysis by CF3COOH; e, electrolysis. cAcidolysis by anhydrous HF. dAna-
lytical scale electrochemical reduction at controlled potential indicated complete cleavage. 

Leu-Gly-OBu-f (49). Of the three tetrapeptide derivatives, two 
(49 and 50) were obtained in higher yields than the respective 
model dipeptide derivatives (see Table I), a result which en
courages studies with larger fragments. 

D. Cleavage of the Auxiliary Substituent N(CHR2CONHR3) 
(Scheme II). Cleavage of the A^n-(a-cyclohexylcarbamoyl-2-
nitrobenzyl) substituent of 49 was obtained with satisfactory 
yield by photolysis at 350 nm (see Table I) and provided iso
lated crystalline Z-Gly-Ala-Leu-Gly-OBu-? (45-4CC) which 
was indistinguishable by several analytical criteria from au
thentic 45 prepared by conventional solution synthesis.37 The 
successful photolytic removal of the iVQ-(a-cyclohexylcarba-
moyl-2-nitrobenzyl) group from 49 indicated that this proce
dure may be useful in peptide fragment condensation,38 and 
not restricted8 to "simple model 4CC products". Further 
studies on the usefulness of 2-nitrobenzaldehyde in "4CC 
fragment condensation" are clearly warranted. Cleavage of 
the W'-(a-cyclohexylcarbamoyl-4-pyridylmethyl) group of 
the tetrapeptide derivative 51 remains to be examined. The 
A^"-(a-cyclohexylcarbamoyl-2,4-dimethyloxybenzyl) sub
stituent was removed from 50 to a very small extent only (10%) 
by treatment with trifluoroacetic acid32 (see Table I). Con
siderably improved cleavage will be required to render 2,4-
dimethyloxybenzaldehyde suitable for "4CC fragment con
densation". Thus the efficacy of a series of acids in cleaving 
the /V"-(a-cyclohexylcarbamoyl-2,4-dimethyloxybenzyl) 

group was examined using the model dipeptide, structure 13 
(Scheme V). Treatment of compound 25 with anhydrous HF40 

resulted in 38% cleavage. This is still unsatisfactory, but it was 
superior to the 20-30% cleavage observed with several other 
acids, including HCOOH, HCl or HBr in HOAc, CH3SO3H, 
FSO3H in CF3COOH, and CF3SO3H in CF3COOH, for 3 h 
at 20 0C. The mechanism of the acidolytic cleavage of peptide 
derivatives prepared by "4CC fragment condensation" with 
the aid of l-te/-/-butyloxycarbonyl-3-formylindole has been 
discussed in detail by Ugi et al.8 In brief, two successive 
CF3COOH treatments with intermittent evaporation to dry
ness were required since the intermediate carbamic acid 
(structure 17) resisted decarboxylation in CF3COOH. Our 

P1CO—NP2 

l|—CHCONHR3 

COOH 

17 

experiments have corroborated these findings (see conversion 
of compounds 29 to 31 and 28 to 32, Experimental Section). 
The results (see Table I) indicate that l-ter/-butyloxycar-
bonyl-3-formylindole may be one of the most promising al-
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dehydes for "4CC fragment condensation" of larger pep
tides. 

A preliminary analytical study of electrochemical cleavage41 

of the /V"-(a-cyclohexylcarbamoyl-4-pyridylmethyl) group 
of the dipeptide intermediate 27 under controlled potential42 

indicated quantitative reductive cleavage. Half-wave potentials 
of 27 were determined polarographically.43 The results may 
warrant further studies and application of 4-pyridinecarbox-
aldehyde to "4CC fragment condensation" of larger pep
tides. 

No cleavage was observed with common acidolytic or pho-
tolytic procedures when 3-nitrobenzaldehyde or 3,5-dimeth-
yloxybenzaldehyde44 were used in 4CC dipeptide formation 
(Scheme V). Attempts at reductive cleavage of 18 by catalytic 
hydrogenolysis in methanol or in liquid ammonia45 failed. 

E. Racemization. A central issue8 for the ultimate practical 
utility of the "4CC fragment condensation" in syntheses of 
biologically active peptides is the absence or minimal occur
rence of racemization at the COOH-terminal amino acid 
residue of the acid component (1 in Scheme II). The reaction 
is expected to proceed with an exceedingly low relative rate of 
racemization.8 Indeed, no racemate content was detected in 
gas chromatographic tests46 of several model dipeptides pre
pared8 by "4CC fragment condensation". Assessment of the 
configurational integrity of the two 4CC-synthetic tetrapeptide 
derivatives prepared in this study, i.e., Z-Gly-Ala-Leu-Gly-
OBu-/ (45-4CC) and Z-Gly-Ala-Leu-Gly-OH (47-4CC), by 
comparison with the corresponding conventional preparations 
(45 and 47) indicated very little if any racemization47 but a 
more thorough evaluation will have to be made in further 
studies with the use of high-performance liquid chromatog
raphy. 

Conclusion 

Several model dipeptides and tetrapeptides have been syn
thesized by the fragment condensation strategy of the four-
component condensation ("Ugi reaction"). Good results de
pended on the use of alcohols as solvents, but acceptable results 
were also obtained with alcohol-dimethylformamide mixtures. 
For the 4CC to become a useful routine procedure, two re
quirements must be met: (1) high-yield fragment condensation, 
and (2) high-yield and mild cleavage of auxiliary substituents. 
Both requirements depend critically on the choice of the al
dehyde component. From the results of this study with small 
peptides, the most promising aldehydes appear to be (a) 1-
/e/-/-butyloxycarbonyl-3-formylindole (Ugi et al.8), affording 
50-60% condensation and 70-75% cleavage (by CF3COOH 
treatment); (b) 2-nitrobenzaldehyde, affording 65-70% con
densation and 60-80% cleavage (by photolysis); (c) 4-pyri-
dinecarboxaldehyde, affording 55-60% condensation and close 
to quantitative electrochemical cleavage (analytically). Less 
promising was the use of (d) 2,4-dimethyloxybenzaldehyde, 
affording 34-75% condensation and 10-38% cleavage (by 
acidolysis). The results of these preliminary studies warrant, 
in our opinion, a continuation and expansion of efforts to fur
ther develop a more routine use of the "4CC fragment con
densation" in practical peptide synthesis. The method might 
offer the potential of resolving present shortcomings in the 
condensation of large peptide fragments, which will be a pre
requisite for future syntheses of homogeneous proteins. 

Experimental Section 

Melting points are uncorrected. Microanalyses and other physi-
cochemical measurements were carried out by the Physical Chemistry 
Department. Solvent systems for thin layer chromatography (silica 
gel G) were (A) CHCl3-CH3OH (96:4), (B) CHCl3-CH3OH (90: 
10), (C) CHCl3-CH3OH (5:1), (D) C H C I 3 - C H 3 O H - H O A C (95: 
5:1), (E) C H C I 3 - C H 3 O H - H O A C (90:10:2), (F) CHCl3-CH3OH-
HOAc (83:15:2), (G) CHCl3-2-propanol (90:10), (H) CHCl3, (I) 

«-BuOH-HOAc-pyridine-H20 (4:1:1:2). 
Materials. D-AIa and amino acid derivatives were purchased from 

Bachem Inc., Marina Del Ray, Calif. Water-soluble carbodiimide 
and TV-hydroxysuccinimide were obtained from Pierce Chemical Co., 
Rockford, 111. Other chemicals and solvents were obtained mainly from 
Aldrich Chemical Co., Inc., Milwaukee, Wis. Benzylamine (Aldrich), 
isobutyraldehyde (Aldrich), and H-GIy-OBu-/ (Bachem) were re
distilled before use. 2-Nitrobenzylamine hydrochloride23 and 2-ni-
trophenylsulfenylamine24 were prepared by literature procedures. Free 
2-nitrobenzylamine and 2,4-dimethyloxybenzylamine were obtained 
by extraction with ether from a suspension of their hydrochlorides in 
1 M NaOH. 

Ara-Acetylglycyl-Na-(benzyl)-DL-valylglycine /erf-Butyl Ester (18). 
To a chilled solution of Ac-GIy-OH (58.6 mg, 0.5 mmol), benzylamine 
(53.6 mg, 0.5 mmol), and isobutyraldehyde (36.1 mg, 0.5 mmol) in 
CH3OH (1 mL), /e«-butyl 2-isocyanoacetate'7-'9 (70.6 mg, 0.5 
mmol) was added. The reaction mixture was stirred for 1 h at 0 0C, 
kept for 15 h at 20 0C, and then evaporated to dryness in vacuo. The 
residual oil was extracted with CHCI3, and the solution was washed 
successively with 0.5 M NaHCO3, 0.5 M citric acid, and H2O, and 
dried (MgSO1)). The filtered solution was concentrated in vacuo and 
the residual oil crystallized after addition of ether (174 mg). Re-
crystallization from CH3OH-ether-petroleum ether yielded 157 mg 
(75%) of 18, mp 160-161 0C (lit.11 mp 158-161 0C), A/0.63 (A). 

Compounds 19-22 were prepared as described above. 
Na-AcetylglycyI-JVa-(2-nitrobenzyl)-DL-valylglycine rerr-Butyl 

Ester (19). A 1-mmol scale reaction with 2-nitrobenzylamine23 in 
CH3OH (2 mL) for 1 h at 0 0C and 3 days at 20 0C yielded 187 mg 
(40%), mp 165-166 0C, RfQAS (A), 0.79 (C). Anal. (C22H32N4O7) 
C H , N. 

JVa-Acetylglycyl-iVa-(2,4-dimethyloxybenzyl)-DL-valylglycine 
/erf-Butyl Ester (20). Reaction as for 19 with 2,4-dimethyloxyben
zylamine yielded 135 mg (28%), mp 168-169 0C, fyO.57 (A). Anal. 
(C24H37N3O7) C, H, N. 

iV-Acetylglycyl-Na-(4-pyridylmethyl)-DL-valylglycine fert-Butyl 
Ester (21). A 1-mmol scale reaction with 4-aminoethylpyridine in 
CH3OH(I mL)for 1 h at 0 0C and 2 days at 200C (no acid wash in 
workup) yielded 188 mg (45%), mp 139-140 0C, R/0.21 (A). Anal. 
(C21H32N4O5)C1H1N. 

W-2-Nitrophenylsulfenyl-DL-valylglycine fert-Butyl Ester (22). 
The same scale and reaction time as for 21 were applied using 2-ni-
trophenylsulfenylamine24 in CH3OH. The ensuing crude product (176 
mg) was purified by column chromatography on silica gel 60 (18 X 
2.4 cm, 0.2-0.5 mm, E. Merck) using CHCl3 as an eluent. Evaporation 
of the main peak fractions followed by crystallization from 
CHCl3-ether-petroleum ether yielded yellow crystals of 22 instead 
of the desired tripeptide derivative: yield 129 mg49 (34%); mp 122-123 
0C; /J/0.87 (A), 0.28 (H). Anal. (Ci7H25N3O5S) C, H, N, S. 

As a side product, di-2-nitrophenyl disulfide50 was isolated from 
the faster eluting fractions by the above column chromatography: yield 
18 mg;49 mp 195.5-196.5 0C (lit.35 mp 192-195 0C); R/0.% (H). 
Anal. (Ci2H8N2O4S2) C, H, N, S. 

iV"-Phthalylglycyl-Na-(a-cyclohexylcarbanioyl-2-nitrobenzyl)-
glycine ferf-Butyl Ester (23). Cyclohexyl isonitrile (109 mg, 1 mmol) 
was added to a cooled (0 0C) stirred solution of Pht-Gly-OH (205 mg, 
1 mmol), H-Gly-OBu-f (131 mg, 1 mmol), and 2-nitrobenzaldehvde 
(151 mg, 1 mmol) in CH3OH (2 mL). After stirring for 1 hatO'°C 
and 1 h at 20 0C, a white solid precipitated. Stirring was continued 
for 15 h at 20 0C. Workup as described for 18 afforded crystalline 23: 
389 mg (67%); mp 185.5-186 0C; #/0.89 (A). Anal. (C30H34N4O8) 
C, H, N. 

Compounds 24-31 were prepared essentially as described above. 
A**—Phthalylglycyl-JVa-(a-cyclohexylcarbamoyl-3-nitrobenzyl)-

glycine /erf-Butyl Ester (24). The reaction was started in CH3OH (2.5 
mL) using 3-nitrobenzaldehyde (2.5 mmol). After 2 h a large, white 
mass precipitated which was dissolved by the addition OfCH3OH (2.5 
mL) and DMF (12 mL). Stirring was continued for 3 days at 20 0C. 
The product was recrystallized from CHCl3-CH3OH-ether to yield 
726 mg (50%) of 24, mp 203-204 °C, Rf 0.89 (A). Anal. 
(C30H34N4O8) C, H, N. 

Na-Phthalylglycyl-Na-(a-cyclohexylcarbamoyl-2,4-dimethyloxy-
benzyl)glycine /ert-Butyl Ester (25). 2,4-Dimethyloxybenzaldehyde 
was used as an aldehyde. The reaction was carried out in 2.5-mmol 
scale in CH3OH (5 mL) for 1 h at 0 0C, and then for 3 days at 20 0C. 
During the reaction, a yellow solid precipitated. Recrystallization from 
CH3OH-ether produced colorless crystals: yield 504 mg (34%); mp 
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199-200 0C; /?/0.81 (A). Anal. (C32H39N3O8) C, H, N. 
/Va-Phthalylglycyl-JVa-(a-cyclohexylcarbanioyl-3,5-diniethyloxy-

benzy I (glycine fert-Butyl Ester (26). Using 3,5-dimethyloxybenzal-
dehyde (2.5 mmol), reaction in CH3OH for 1 h at 0 0C and then 15 
h at 20 0C produced a white solid precipitate. Recrystallization from 
CH3OH-ether yielded 1.02 g (69%) of 26: mp 196.5-197.5 0C; Rf 
0.90 (A), 0.97 (I). Anal. (C32H39N3O8) C, H, N. 

/Va-Phthalylglycyl-/Va-(a-cyclohexylcarbamoyl-4-pyridylmeth-
yl)glycine fert-Butyl Ester (27). Reaction as for 24 with 4-pyridine-
carboxaldehyde in CH3OH (5 mL) produced a white solid precipitate. 
Washing with 0.5 M NaHCO3 and H2O, workup, and recrystalliza
tion from CH3OH-ether produced colorless crystals: 805 mg (60%); 
mp 151-152 0C; R/ 0.50 (A). Anal. (C29H34N4O6-V2H2O) C, H, 
N. 

/V°-Phthalylgly cyl- /V°-(a-cyclohexylcarbamoyl-1 - fert-buty loxy-
carbonyl-3-indolylmethyl)glycine fert-Butyl Ester (28). The reaction 
was carried out in 2.5-mmol scale using l-»erf-butyloxycarbonyl-3-
formylindole33 35 as an aldehyde in CH3OH (13 mL) and DMF (5 
mL) for 1 h at 0 0C and then for 2 days at 20 0C. During the reaction, 
a white solid precipitated which was collected, washed with CH3OH, 
and dried (925 mg). Recrystallization from CHCI3-CH3OH-ether 
produced a colorless powder: 894 mg51 (53%); mp 189.5-190.5 0C; 
Rf 0.80 (A), 0.18 (H), 0.90 (I). Anal. (C37H44N4O8) C, H, N. 

/Vr-Phthalylglycyl-/Va-(a-cyclohexylcarbamoyl-l-fert-butyloxy-
carbonyl-3-indolylmethyl)glycine Methyl Ester (29). Reaction of 
equimolar (2.5 mmol) amounts of Pht-Gly-OH, H-GIy-OMe-HCl, 
NEt3, l-?er;-butyloxycarbonyl-3-formylindole, and cyclohexyl iso-
nitrile in CH3OH (13 mL) and DMF (5 mL) followed by workup as 
described for 23 afforded a colorless powder which was recrystallized 
from CHCI3-CH3OH-ether: yield 876 mg51 (56%); mp 179-180 0C; 
RfOM (A), 0.11 (H). Anal. (C34H38N4O8) C, H, N. 

N0-Phthalylglycyl-Ara-(a-cyclohexylcarbamoyl-3-indolylmeth-
yl)glycine fert-Butyl Ester (30). The same scale and time of reaction 
as for 28 were applied using 3-formylindole as an aldehyde in CH3OH 
(12 mL) and DMF (2 mL). A yellowish solid precipitated which was 
collected by filtration, washed with ether, and dried (680 mg). Re
crystallization from CHCl3-CH3OH-ether afforded a colorless 
powder: 650 mg51 (45%); mp 214-215.5 0C; Rf 0.64 (A), 0.05 (H). 
Anal. (C32H36N4O6-V2H2O) C, H, N. 

Na-Phthalylglycyl-/Va-(a-cyclohexylcarbamoyl-3-indolyl-
methv I (glycine Methyl Ester (31). The reaction was carried out as 
described for 29 using 3-formylindole (2.5 mmol) as an aldehyde in 
CH3OH (12 mL) and DMF(I mL) for 1 h at 0 0C, and then for 2 
days at 20 0C. No precipitation occurred, but the solution became red 
during the reaction. After recrystallization from CHCl3-CH3OH-
ether, the product was obtained as a colorless powder: yield 458 mg51 

(35%); mp 174-175 0C; R1 0.64 (A), 0.06 (H), 0.89 (I). Anal. 
(C29H30N4O6)C1H1N. 

When the protected dipeptide 29 was treated with CF3COOH in 
the presence of anisole under N2 for 1 h at 0 0C and chromatographed 
on a silica gel column using CHCl3-CH3OH (96:4) as an eluent, the 
same compound, 31B, was obtained, yield 89%, mp 173-175 0C, un
depressed mixture melting point with the above product, and indis
tinguishable from it by infrared spectrum and TLC, systems A and 
I. 

N°-Phthalylglycyl-Na-(a-cyclohexylcarbamoyl-3-indolylmeth-
yllglvcine (32). Compound 28 (135 mg, 0.2 mmol) was treated with 
CF3COOH (4 mL) in the presence of anisole (0.4 mL) under N2 for 
1 h at 0 0C. Evaporation OfCF3COOH was followed by addition of 
H2O. The resulting precipitate was filtered off, washed with H2O, and 
dried (117 mg). Crystallization from CH3OH-ether yielded 87 mg51 

of 32 (84%): mp 195-197 0C; Rx 0.68 (I), 0.25 (D). Anal. 
(C2 8H2 8N4O6)CH1N. 

Cleavage of Auxiliary Croups. JVa-Acetylglycyl-DL-valylglycine 
fert-Butyl Ester (33). The following photochemical cleavage was 
carried out as described by Wang.39 Compound 19 (116 mg, 0.25 
mmol) was dissolved in 250 mL OfCH3OH that had been deaerated 
by a stream of argon gas (2 mL/s) for 30 min inside a jacketed Pyrex 
tube (30 X 3.5 cm). The solution was further flushed with argon for 
1 h with gentle magnetic stirring. The reaction vessel was then tightly 
stoppered and irradiated for 14 h at 3500 A (16 X 24 W) in a Rayonet 
photochemical reaction chamber. The solvent was evaporated in vacuo 
to afford a dark brown solid which was dissolved in CHCI3. The so
lution was applied to a column of silica gel (20 X 2.4 cm), which was 
eluted with CHCl3-CH3OH (96:4). The fractions containing material 
of Rf 0.26 (A) were combined. Evaporation yielded a powder which 

was washed with ether and recrystallized from CH3OH-ether: 63 mg 
(76%); mp 181-182 0C; tf/0.26 (A), 0.60 (C). Anal. (Ci5H27N3O5) 
C H 1 N . 

JVa-Acetylglycyl-DL-valylglycine (34). A. By Trifluoroacetic Acid 
Treatment of 20. Compound 20 (48 mg, 0.1 mmol) was treated with 
CF3COOH (2 mL) in the presence of anisole (0.2 mL). The solution 
was kept for 15 h at 20 0C. Evaporation of CF3COOH, trituration 
of the remaining solid with ether, and recrystallization from 
CH3OH-ether yielded 17 mg51 of 34 (62%): mp 186.5-188.5 0C with 
softening at around 181 0C; Rf 0.52 (I), 0.1 (E); identical infrared 
spectrum with that of an authentic sample obtained below, unde
pressed mixture melting point. Anal. (Ci 1Hi9N3O5-H2O) C, H, N. 
Yields were 55 and 60% after 2.5-h treatment with CF3COOH at 0 
and 20 0C, respectively. 

B. By Trifluoroacetic Acid Treatment of 33. Compound 33 (33 mg, 
0.1 mmol) was dissolved in CF3COOH (2 mL), and kept for 30 min 
at 20 0 C Evaporation of CF3COOH was followed by addition of 
ether. The resulting powder was filtered off and washed with ether: 
yield 26 mg51 (95%); mp 186.5-187.5 0C; Rf 0.52 (I), 0.1 (E). Anal. 
(C n Hi 9 N 3 0 5 )C,H, N. 

/V°-Phthalylglycylglycine fert-Butyl Ester (35).52 Photolysis of 23 
(145 mg, 0.25 mmol) and subsequent purification on a silica gel col
umn as described for 33 afforded 35 which was recrystallized from 
CHCl3-ether to provide a white powder which had the same ./?/• value 
on TLC as that of authentic material,52 obtained in this work from 
Pht-Gly-OH and H-GIy-OBu-? by the DCCI method:53 yield 48.2 
mg (61%); mp 163.5-164 0C (lit.52 mp 165-165.5 0C); no depression 
of mixture melting points with the authentic sample; Rf 0.78 (A). 

N"-Phthalylglycylglycine (36).52 54 A. By Trifluoroacetic Acid 
Treatment of 32. Compound 32 (51.7 mg, 0.1 mmol) was treated with 
CF3COOH (3 mL) for 15 h at 20 0C in the presence of anisole (0.1 
mL) under N2. During the reaction the solution became purple. After 
evaporation of CF3COOH in vacuo, the residue was triturated thor
oughly with ether. The resulting white solid was filtered off, washed 
well with ether, and dried. The ensuing powder had the same Rf values 
on TLC using several solvent systems as those of authentic materi
al5254 obtained by treatment of Pht-Gly-Gly-OBu-f with CF3COOH: 
yield 23 mg51 (88%); mp 230-231 0C (lit.52 mp 233-234 0C; lit.54 mp 
230-231 0C); no depression of mixture melting points with the au
thentic sample; Rf 0.60 (I), 0.19 (D), 0.41 (E); infrared spectrum 
identical with that of the authentic material. 

B. By Trifluoroacetic Acid Treatment of 30. Treatment of 30 with 
CF3COOH and workup as described above produced 36 in yields of 
64% (4 h treatment at 0 0C), 80% (4 h at 20 0C), and 81% (15 h at 20 
0C) that showed exactly the same properties as those of the authentic 
sample (e.g., melting point, no depression of mixture melting points, 
./?/values on TLC in several solvent systems (I, D, E), and infrared 
spectrum). 

C. By Hydrogen Fluoride40 Treatment of 25. Compound 25 (59.4 
mg, 0.1 mmol) was treated with anhydrous HF (5 mL) in the presence 
of anisole (0.2 mL) for 3 hat 20 0 C Evaporation of H F under reduced 
pressure was followed by the addition of H2O. The ensuing white solid 
was recrystallized from CHCl3-CH3OH-ether to afford crystalline 
36, 10 mg (38%): mp 229-231 0C; no depression of mixture melting 
point with the authentic sample; Rf 0.60 (I), 0.19 (D), 0.41 (E). 

A"»-Phthalylglycylglycine Methyl Ester (37).54 Treatment of 31 with 
CF3COOH as described in 36A produced 37 in yields of 60% (4 h 
treatment at 0 0C), 72% (4 h at 20 0C), and 79% (15 hat 20 0C) after 
recrystallization from CH3OH-ether. The ensuing 37 (colorless 
needles51) had the same Rvalues on TLC and infrared spectrum as 
those of authentic material obtained from Pht-Gly-OH and H-GIy-
OMe with water-soluble carbodiimide:55 mp 203-204.5 0C (lit.54 

203-204 0C); no depression in mixture melting points with the au
thentic sample; ^/0.51 (A), 0.71 (I). 

Reference Compounds Prepared by Solution Synthesis. D-Alanine 
fert-Butyl Ester Hydrochloride (38). This compound was prepared 
from D-AIa following the procedure of Roeske56 in 30% yield after 
recrystallization from EtOH-ether: mp 162-163 0C (lit.57 mp 167 
0C (cor) for L antipode); Rf 0.83 (I); [a]2S

D -0.95° (c 2, EtOH) 
[lit.57 [a]20

546 +1.77° (c 2, EtOH) for L antipode]. Anal. 
(C7Hi6NO2Cl) C H, N. 

iVa-Benzyloxycarbonylglycyl-L-alanine fert-Butyl Ester (39). 
DCCI53 (5.16 g, 25 mmol) was added to a chilled solution of Z-
GIy-OH (5.23 g, 25 mmol), H-L-Ala-OBu-r-HCl (4.54 g, 25 mmol), 
and NEt3 (3.5 mL, 25 mmol) in THF (100 mL). The reaction mixture 
was stirred for 1 h at 0 0C and 15 h at 20 0 C The mixture was evap-
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orated, and the residue was diluted with EtOAc. Dicyclohexylurea 
was filtered off and the solution was washed successively with 0.5 M 
NaHCO3, 0.5 M citric acid, and H2O, dried (MgSCU), and concen
trated in vacuo to leave a colorless oil, yield 8.35 g (99%), Rf 0.70 
(A). 

Na-BenzyloxycarbonyIglycyl-D-alanine fert-butyl ester (40) was 
prepared as described for 39 from H-D-Ala-OBu-f-HCl (8 mmol) to 
afford a colorless oil, 2.49 g (93%), « / 0.70 (A). 

Na-Benzyloxycarbonylglycyl-L-alanine (41).58,59 A solution of acyl 
dipeptide ester 39 (8.35 g, 24.8 mmol) in CF3COOH (80 mL) was 
kept for 1 h at 0 0C. Evaporation OfCF3COOH was followed by the 
addition of ether and petroleum ether. The resulting solid was collected 
and recrystallized from EtOAc-petroleum ether: yield 4.85 g (70%); 
mp 129-130 0C; «/0.25 (A), 0.73 (I); [a]25

D -9.55° (c 4, EtOH) 
(lit.58 mp 133 0C, [ a p D -9.8° (c 4.4, EtOH); lit.59 mp 130-131 0C; 
[a]25

D -9.1° (M1 EtOH)). 
/Va-Benzyloxycarbonylglycyl-D-alanine (42)60'61 was prepared in 

66% yield from 40 as described for 41: mp 128-129 0C; «/0.25 (A), 
0.73 (I); H25D +9.51 ° (c 4, EtOH) (lit.60 mp 119 0C; [a]23

D +10.1 ° 
(c 2.9, EtOH); lit.61 mp 135 0C; [a]23

D +9.3° (c 5, EtOH)). 
iV°-Benzyloxycarbonyl-L-Ieucylglycine (erf-Butyl Ester (43). 

DCCl53 (4.70 g, 22.8 mmol) was added to a cooled (-10 0C), stirred 
solution of Z-L-Leu-OH (6.05 g, 22.8 mmol), H-GIy-OBu-; (2.99 g, 
22.8 mmol), and A'-hydroxysuccinimide (2.62 g, 22.8 mmol) in THF 
(100 mL). Stirring was continued for 2 h at -10 0C and 15 h at 2 0C. 
Workup as described for 39 yielded an oil, 7.88 g (91%), R/ 0.79 
(A). 

L-Leucylglycine tert-Butyl Ester (44). Acyl dipeptide ester 43 (7.87 
g, 20.8 mmol) was dissolved in 70 mL of CH3OH and hydrogenated 
for 2 h in the presence of freshly prepared palladium black.62 The 
filtrate was evaporated, the residue dissolved in EtOAc, and the so
lution washed with 0.5 M NaHCO3 and H2O, dried (MgSO4), and 
evaporated to leave an oil, 3.70 g (73%), R/0.31 (A). 

/Va-Benzyloxycarbonylglycyl-L-alanyl-L-leucylglycine tert-Butyl 
Ester (45). DCCI (206 mg, 1 mmol) was added to a cooled (-10 0C), 
stirred solution of 41 (280 mg, 1 mmol), compound 44 (244 mg, 1 
mmol), and A'-hydroxysuccinimide (115 mg, 1 mmol) in DMF (5 
mL).63 Stirring was continued for 2 h at -10 0C and for 24 h at 2 0C. 
The reaction mixture was then evaporated in vacuo, the residue trit
urated with EtOAc, the dicyclohexylurea removed by filtration, and 
the ensuing solution washed successively with 0.5 M NaHCO3, 0.5 
M citric acid, and H2O, dried (MgSO4), and evaporated to leave an 
oil (465 mg). Purification by silica gel column chromatography using 
CHCl3-CH3OH (96:4) as an eluent afforded an oil: 403 mg (80%); 
R/ 0.27 (A); [a]25

D -43.07° (c 0.5, HOAc). Crystallization from 
ether-petroleum ether produced a white powder: 305 mg;5' mp 
152.5-153.5 0C with softening at around 114 0C; «/0.27 (A), 0.53 
(B), 0.39 (G); [a]25

D -43.11° (c 0.5, HOAc), -42.57° (c 0.5, 
CH3OH), -31.89° (c 0.5, EtOH), and -22.85° {c 0.5, DMF). Anal. 
(C2 5H3 8N4O7)CH1N. 

/Va-Benzyloxycarbonylglycyl-D-alanyl-L-leucylglycine fert-Butyl 
Ester (46). Synthesis and workup as described for 45 using Z-GIy-
D-AIa-OH (42) afforded an oil, 343 mg (68%), R10.40 (A), which 
was crystallized from ether-petroleum ether: 240 mg;51 mp 94-96 0C; 
«/0.40 (A), 0.60 (B), 0.46 (G); [a]25

D -6.87° (c 0.25, HOAc), 0° 
(c 0.5, CH3OH), +2.64° (c 0.5, EtOH), -12.44° (c 0.5, DMF). Anal. 
(C2 5H3 8N4O7)CH1N. 

/V0,-Benzyloxycarbonylglycyl-L-alanyl-L-leucylglycine (47). 
Compound 45 (25.3 mg, 0.05 mmol) was treated with CF3COOH (2 
mL) for 30 min at 0 0 C Upon evaporation and addition of ether, a 
white solid was obtained which was recrystallized from CH3OH-ether 
to afford a colorless powder: 18.4 mg51 (82%); mp 228-230 0C dec; 
Rf 0.41 (F), 0.74 (1); [<*]25

D -36.36° (c 0.25, HOAc). Anal. 
(C2IH30N4O7-V2H2O)CH1N. 

Na-Benzyloxycarbonylglycyl-D-alanyl-L-leucylglycine (48) was 
prepared as described for 47, Rf 0.5 (F). 

4CC Fragment Condensation. JVa-Benzyloxycarbonylglycylalan-
yl-N"-(a-cycloliexylcarbanioy)-2-nitrobenzyl)leucylglycine tert-Butyl 
Ester (49). Cyclohexyl isonitrile (109 mg, 1 mmol) was added to a 
cooled (0 °C), stirred solution of Z-GIy-L-AIa-OH (41, 280 mg, 1 
mmol), H-L-Leu-Gly-OBu-l (44, 244 mg, 1 mmol), and 2-nitro-
benzaldehyde(151 mg, 1 mmol) in CH3OH (1.5 mL). The reaction 
mixture was stirred for 1 h at 0 0C and 15 h at 20 0C. The solvent was 
then evaporated and the oily residue dissolved in EtOAc. The solution 
was washed successively with 0.5 M NaHCO3, 0.5 M citric acid, and 
H2O, dried (MgSO4), and evaporated. The residue (670 mg) was 

purified by silica gel column (20 X 2.4 cm) chromatography with 
CHCl3 as an eluent followed by CHCl3-CH3OH (96:4). The fractions 
containing material of Rf 0.48 (A) were combined and the solvent 
evaporated to afford 49 as an oil that was subjected to cleavage of the 
auxiliary group without further purification: yield of 49 541 mg49 

(71%); Rf 0.48 (A); [a]25
D +9.72° (c 1, CHCl3). Anal. 

(C39H54N6O10-V2H2O) C, H, N. 
iVa-Benzyloxycarbonylglycylalanyl-JVa-(a-cyclohexylcarbanio-

yl-2,4-dimethyloxybenzyl)leucylglycine fert-Butyl Ester (50). The 
above procedure was followed employing 2,4-dimethyloxybenzal-
dehyde (166 mg, 1 mmol) to give an oil: 584 mg49 (75%); «/0.58 (A); 
[Q]2 5

D -42.35° (c I1 CHCl3). Anal. (C4iH59N5Oi0-2H2O) C1 H, 
N. 

Na-BenzyloxycarbonylgIycylalanyl-Arar-(a-cyclohexyIcarbamo-
yl-4-pyridylmethyl)leucylglycine fert-Butyl Ester (51). 4-Pyridine-
carboxaldehyde was used under reaction conditions as described for 
49. Washing with 0.5 M NaHCO3 and H2O and workup provided an 
oil: 405 mg51 (56%); «/0.36 (A); [a]25

D-68.01° (cl, CHCl3). Anal. 
(C38H54N608-2.5H20) C, H, N. 

Z-GIy-Ala-Leu-Gly-OBu-f (45-4CC) by Photolysis of 49. Com
pound 49 (192 mg, 0.25 mmol) was irradiated as described for 33. 
Product purification on a silica gel column (see 33) yielded 99 mg 
(78%) of amorphous 45, [a]25

D -42.48° (c 0.25, HOAc). Crystalli
zation from ether by dropwise addition of CH3OH and n-hexane 
produced a white powder: 90 mg;51 mp 152.5-154 0C; «/0.27 (A), 
0.53 (B)1 0.39 (G); [a]25

D -44.99° (c 0.25, HOAc). Anal. 
(C25H38N4O7) C, H, N. 

This material was indistinguishable from the above reference 45, 
prepared by conventional methods, e.g., no depression in mixture 
melting points and identical IR. 

Z-Gly-Ala-Leu-Gly-OH (47-4CC) by Trifluoroacetic Acid Treat
ment of 50. Compound 50 (156 mg, 0.2 mmol) was treated with 
CF3COOH (4 mL) in the presence of anisole (0.4 mL) for 15 h at 20 
0C. After evaporation of the solvent, the residual solid was dissolved 
in a mixture of DMF (2 mL) and CHCl3 (1 mL). The solution was 
applied to a silica gel column (10 X 2.4 cm) and eluted with 
C H C I 3 - C H 3 O H - H O A C (83:15:2). The fractions containing material 
of «/0.41 (F) were combined. After evaporation of the solvent, ether 
was added to the residue. Recrystallization of the resulting solid (10 
mg) from CH3OH-ether yielded a white powder: 9 mg51 (10%); mp 
228-230 0C dec, no depression in mixture melting points with au
thentic 47; Rf 0.41 (F)1 0.74 (I); [a]25

D -39.33° (c 0.25, HOAc); 
identical infrared spectrum with that of authentic 47. 
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reactions promoted by metal ions have mechanistic similarities 
to the corresponding enzymatic reactions. The mechanism 
involves the initial labilization of the a-hydrogen atom of the 
a-amino acid moiety following the condensation of a-amino 
acid and pyridoxal to form an aldimine Schiff base, 1. 0 
elimination then occurs when the 0 substituent is a reasonably 
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Abstract: The ̂ -elimination reaction of O-phosphoserine and /?-chloroalanine was investigated by proton NMR in deuterium 
oxide media at 30 ± 2 0C in the presence of pyridoxal and zinc ions. The reaction rate constants and relevant equilibrium con
stants were obtained for these systems. Catalysis by pyridoxal alone showed an increase in rate as pH was increased with a rate 
maximum in the region of pH ~9. Metal ion-pyridoxal catalysis was observed when zinc(II) was added to the amino acid-pyr-
idoxal system. The observed catalysis is dependent on /3-substituent electronegativity, and the rate-determining steps involve 
a-proton abstraction as well as /3-substitution dissociation from the amino acid moiety. A new intermediate in the /3-elimina-
tion reaction has been detected. 
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