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tained, but the reaction was complete after 6 hr. The solution was 
concentrated to about 20 ml. The remaining ammonia was frozen 
and removed by lyophilization. Homogeneity of the crude ma
terial (0.502 g, 100%) was confirmed by thin-layer chromatog
raphy, Ri 0.05 (B), 0.46 (C). This material was identical with IVA. 
Treatment with Z-Asn-ONph afforded the known protected penta-
peptide V in almost quantitative yield. 

Benzyloxycarbonyl-L-asparaginyl-5-benzyI-L-cysteinyl-L-prolyI-L-
leucylglycinamide (V). To a solution of IV (0.502 g) in ethyl 
acetate (3 ml) Z-Asn-ONph30'34 (0.387 g, 1.0 mmol) was added and 
the suspension stirred at room temperature for 48 hr. The pre
cipitate which formed was collected by filtration and washed with 
ethyl acetate (20 ml) and ethanol (5 ml), and then dried. The 
crude material was recrystallized from 40% methanol: yield, 0.718 
g (99%); mp 212-213.5°; Rt 0.46 (B), 0.84 (C); [<*]20D -60.5° 
(c 1, dimethylformamide) (lit.30 mp 212-213°; [a]22D -59.4° (c 1, 
dimethylformamide); lit.36 mp 210.5-211.5°; H205D -59.5° 
(c 2, dimethylformamide)). 

In the following, the peptide amide derivatives with a free a-amino 
group, obtained by catalytic hydrogenolysis in liquid ammonia, 
are described. These were subsequently converted into the next 
higher known protected peptides as described for V. 

L-Asparaginyl-S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycinamide 
(VI). V (5.37 g, 7.40 mmol) was hydrogenated for 8 hr in liquid 
ammonia (800 ml) using methanol-wet palladium black as described 
above to afford colorless crystals from methanol-ether; 4.36 g 
(99%); mp 102-104° with softening at 86°; R1 0.02 (B), 0.55 (C); 
H21D -59.1 ° (c 1, dimethylformamide). 

Anal. Calcd for C27H4]N7O6S (591.7): C, 54.8; H, 6.98; N, 
16.6; S, 5.42. Found: C, 54.6; H, 7.25; N, 16.4; S, 4.99. 

Condensation with Z-Gln-ONph30" afforded the protected 
hexapeptide (VII) in 89% yield: mp 209.5-210°; R, 0.02 (B), 0.76 
(C); H21D -57.0° (c 1, dimethylformamide); lit.30 mp 233-234° 
dec; [a]21D -54° (c 1, dimethylformamide); lit.46 mp 209°; lit.46 

mp 209-210°). 
L-Glutaminyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-prolyl-L-leu-

cylglyrinamide (VIII). VII (3.82 g, 4.47 mmol) was hydro
genated in liquid ammonia (600 ml) for 6.5 hr to give a colorless 
powder from methanol-ether: 3.25 g (100%); mp 136-138°; 
R, 0.55 (C); H21D -62.6° (c 1, acetic acid); lit.46 mp 145° dec; 
[a]o -67.3°(c 2.3, acetic acid); lit.47mp 135°). 

The protected heptapeptide (IX) was prepared by the coupling 
of VIII with Z-Ile-ONph30 in 100% yield: mp 232-233°; R1 0.85 
(C); [a]21D -50.2° (c 1, dimethylformamide) (lit.30 mp 233-235°; 
M20D -50.0° (c 1, dimethylformamide); lit.36 mp 230-231.5°; 
[a]"D -48.8° (cl, dimethylformamide)). 

L-Isoleucyl-L-glutaminyl-L-asparaginyl-S'-benzyl-L-cysteinyl-L-pro-

(45) M. Itoh, Chem.Pharm. Bull, 18,784(1970). 
(46) R. A. Boissonnas, S. Guttmann, P. A. Jaquenoud, and J. P. 

Waller, HeIv. Chim. Acta, 38,1491 (1955). 
(47) J. Rudinger, J. Honzl, and M. Zaoral, Collect. Czech. Chem. 

Commun.,21, 202(1956). 

Facile Intramolecular Hydrolysis of Dipeptides 
and Glycinamide 

Sir: 

The enzymic hydrolysis of glycinamides and pep
tide derivatives continues to be of considerable interest, 
and some debate on the source of activation remains.1 

Previously, we have demonstrated activations of 1 OH
IO6 when such substrates are directly coordinated via 
the carbonyl oxygen to octahedral metal ions such as 

(1) W. P. Jencks, "Catalysis in Chemistry and Enzymology," 
McGraw-Hill, New York, N. Y., 1969, Chapter 5; B. L. Vallee and 
R. J. P. Williams, Proc. Nat. Acad. Sci. XJ. S., 59, 498 (1968). 

lyl-L-Ieucylglycinamide (X). IX (4.12 g, 4.26 mmol) was 
hydrogenated in liquid ammonia (600 ml) for 8.5 hr to produce 
colorless crystals from methanol-ether; 3.51 g (99 %); mp 218-220° 
with softening at 168°; Rt 0.48 (C); [a] 21D -59.1° (c 1, dimethyl
formamide) (lit.48 mp 211-213°; [a]20D -57.1° (c 1, dimethyl
formamide). 

This was coupled with Z-Tyr-ONph49 to afford the protected 
octapeptide, Z-Tyr-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH2 (XI), 
in 82.4% yield: mp 237.5-238.5°; R1 0.02 (B), 0.66 (C): [a]21D 
—43.0° (c 1, dimethylformamide). 

L-Tyrosyl-L-isoleucyl-L-glutaminyl-L-asparaginyI-5-benzyl-L-cys-
teinyl-L-proIyl-L-leucylglycinamide (XII). XI (3.39 g, 3.0 mmol) 
was hydrogenated in liquid ammonia (500 ml) for 8 hr. 
Colorless crystals were obtained from methanol-ether: 2.98 g 
(100%); mp 179-180°; Rf 0.55(C); W21D-41.3° (c 1, dimethyl
formamide). 

Anal. Calcd for C47H69NIiOnS (996.2): C, 56.7; H, 6.98; N, 
15.5; S, 3.22. Found: C, 57.0; H, 6.62; N, 15.2; S, 2.88. 

Condensation with Z-Cys(Bzl)-ONph36i50 afforded the protected 
nonapeptide (XIII), Z-Cys(Bzl)-Tyr-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-
GIy-NH2, in 98% yield as colorless microscopic needles from di-
methylforrnamide-formic acid (99:1): mp 235-236.5°; R1 0.82 
(C); [a]21D -56.1° (c 1, dimethylformamide); H20D -58.2° 
(c 2.5 acetic acid) (lit.24 mp 243-245°; [a]22D -43° (c 2, dimethyl
formamide); lit.29mp 224-225°; lit.30 mp 245-248°; Ia]20D-50.5° 
(c 1, dimethylformamide); [«]20D —64.5° (c 2.5, acetic acid); 
lit.46 mp 241°; [a]20D -51.5° (c 2.5, acetic acid)). 

S-Benzyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-aspara-
ginyl-S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycinamide (XIV). Hy-
drogenation of XIII (52 mg) in liquid ammonia (20 ml) was carried 
out for 8 hr in the presence of palladium catalyst. Colorless 
crystals were obtained from ethanol: 44.1 mg (94.5%); mp 244-
246° with softening at around 175°; R1 0.28(C); Ia]11D -48.8° 
(c0.5, dimethylformamide). 

Anal. Calcd for Cs7H80Ni2Oi2S2 (1189.5): C, 57.6; H, 6.78; N, 
14.1; S, 5.39. Found: C, 57.8; H, 6.62; N, 14.1; S, 5.83. 
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R. Walter, Mount Sinai Medical and Graduate School, 
New York, N . Y., for the biological assays, to Dr. S. 
Moore for the supply of Boc-Pro-Leu-Gly-NH2 and 
helpful discussions, and to Mrs. E. Judkins for tech
nical assistance. 

(48) D. B. Hope and V. du Vigneaud, /. Biol. Chem., 237, 314. 
(1962); K. Jost, J. Rudinger, and F. Sorm, Collect. Czech. Chem6 
Common., 26, 2496(1961). 

(49) C. J. Martin, J. Golubow, and A. E. Axelrod, /. Biol. Chem., 
234, 294 (1959); B. Iselin and R. Schwyzer, HeIv. Chim. Acta, 43, 
1760(1960). 

(50) B. Iselin, W. Rittel, P. Sieber, and R. Schwyzer, HeIv. Chim. 
Acta, 40, 373 (1957); M. Goodman, and K. C. Stueben, J. Amer. 
Chem.Soc, 81,3980(1959). 

Co(III)2 and where solvolytic hydrolysis is involved. 
We now report the metal ion promoted intramolecular 
hydrolysis of a simple peptide which can give rise to 
accelerations comparable with those observed enzymi-
cally. 

Treatment of c«-[Co(en)2Br(glyglyOC3H7)](NC>3)2 
with ca. 1 M HOCl at 0° for 10 min, followed by chro
matography on Sephadex (SP C-25, 0.5 M NaClO4 , pH 
8, 2°) resulted in the separation of a violet-red 2 + band 

(2) (a) D. A. Buckingham, C. E. Davis, D. M. Foster, and A. M. 
Sargeson, J. Amer. Chem. Soc, 92, 5571 (1970); (b) D. A. Buckingham, 
J. MacB. Harrowfield, and A. M. Sargeson, /. Amer. Chem. Soc, 96, 
1726 (1974). 
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Figure 1. Plot of log &obSd vs. pH for the intramolecular reaction 
of cH-[Co(enMNH,CH,CONHR) (OH)]2+ ions in the absence of 
buffers, 25 °, M = 1.0MNaClO4. 

and an orange 3 + band. The 3 + species was iden
tified as the N-O chelated dipeptide, [Co(en)2(gly-
glyOC3H7)]

3+, by its physical properties (3+ ion; e48s 
97, pmr spectrum) and the rate and rate law 

obsd 
_ Q[OH-] _ 7.5 X IQ-4 [OH-] 

b + [OH-] 2.5 X IO-4 + [OH-] 

at 25°, ( M = 1.0 M NaClO4), for its hydrolysis to [Co-
(en),(glyO)]2+.2a The 2 + band (e498 103) has similar 
spectral properties to other c;',s-[Co(en)2OH(amine)]2+ 
ions34 and has a pKb of 7.74 O = 1.0 M NaClO4). It 
hydrolyzes in the pH range 0-12 (pH stat) forming 
[Co(en)2(glyO)]2+ and [Co(en)2(glyglyOC3H7)]

3+ (iso
lated by ion exchange chromatography) according to 
the rate law 

vobsd kon2 + ko-a + k'On[OU-] 

(koH, = 3.4 X 10~4 sec -1 (aquo complex), fern = 5.3 X 
10-" sec-1 (hydroxo), k'(m = 0.10 M~x sec-1 (hy-
droxo), n = 1.0 M NaClO4, 25°). The adjacent cis con
figuration of the hydroxo and dipeptide functions was 
established using optically pure (+)589-m-[Co(en)2Br-
(glyglyOC3H7)](N03)2 ([M]440 = -1580°) which 
afforded (+)589-cw-[Co(en)2(OH)(glyglyOC3H7)]

2+ from 
whence optically pure [Co(en)2(glyO)]2+ ([M]546 = 
+ 3400°) and [Co(en)2(glyglyOC3H7)]

3+ ([M]546 = 
+ 3270°) were obtained at pH 1. The (+)589-m-[Co-
(en)2(OH)(glyNHR)]2+ species (R = H, CH2CO2-, 
CH2CO2C3H7) were also prepared by controlled treat
ment of (+)589-m-[Co(en)2X(glyNHR)](C104)2 (X = 
Cl, Br) with alkali (pH 9-10) and chromatographic 
separation at 2° from [Co(en)2(glyNHR)]3+. How
ever, by this method some racemic cis and trans hy
droxo amide products are also formed. 

Other ds-[Co(en)2(OH)(glyNHR)]2+ species (R = H, 
CH2CO2-) formed in a similar manner behave similarly. 

(3) F. Basolo, / . Amer. Chem. Soc, 72, 4393 (1950). 
(4) R. W. Hay and P. L. Cropp, J. Chem. Soc. A, 42 (1969). 

Figure 1 gives the rate constants for the hydrolysis 
reactions as a function of pH (pH stat) and Table I 

Table I. Product Distributions" for the Intramolecular 
Hydrolysis of c;s-[Co(en)2(OH/OH2)(glyNHR)P+'3 + Expressed 
as the Ratio [Co(en)2(glyO)P+/[Co(en)2(glyNHR)]3 + 

R 
-pH-

4 

H 
CHjCO2H" 
CH2CO2- c 

CH2CO2C3H7" 

100/0 
40/60 

46/54 

100/0 

77/23 
44/56 

100/0 

76/24 
45/55 

a pH stat data in the absence of buffers. b pÂ , = 2.9 (car-
boxylic acid residue). ' pK„ = 6.3 (aquo ligand). d pA"a = 6.0 
(aquoligand); pK„ = 13.77 (M = 1.0 MNaClO4), 25°. 

gives the product distributions. Above pH 9 hydrol
ysis of the chelated [Co(en)2(glyNHR)]3+ product pro
ceeds more rapidly than does the intramolecular reac
tion, preventing analysis of the immediate reaction prod
ucts under these conditions. 

Although the cis hydroxo and aquo amide complexes 
are characterized here for the first time, a previous 18O 
tracer experiment had supported their existence in one 
case (R = H) with subsequent hydrolysis occurring with 
retention of the Co-O bond.6 The similarity in rate 
laws for all the hydrolyses, their rapidity, and the direct 
appearance of [Co(en)2(glyO)]2+ in the products, partic
ularly in acid solution, is compelling evidence that they 
all involve the intramolecular attack of coordinated 
hydroxide, or water, at the adjacent carbonyl center. 

Although hydrolysis is fast (+NH3CH2CONHCH2-
CO2- + OH-, k = 8 X 10-13 sec-1 6; [Co(en)2(NH2-
C H 2 C O N H C H 2 C O 2 ) ( O H ) ] + , k = 2 X 10~4 sec-1, both 
at pH 7), it is accelerated further by added bases. For 
example, in the presence of phosphate, the rate law 
modifies to 

fcobsd = kom + kon + k'[OH] + ^1[H2PO4-] + 

^2[HPO4
2-] + Zc3[PO4

3-] 

over the pH range 1-12 Qc1 = 5 X 10~4 M~l sec -1, 
k2 = 0.07 M- 1 sec-1, k3 = 0.07 M~l sec"1 for cis-[Co-
(en)2OH(glyglyOC3H7)]

2+) giving fcob.d = 5.5 X 10~3 

sec - 1 at pH 7 in 0.1 M phosphate QJ. = 1.0 M 
NaClO4, 25°). This represents an acceleration of 
1010 over the uncatalyzed hydrolysis of glycylglycine6 

and compares favorably with the Zn2+-carboxypep-
tidase A catalyzed hydrolysis of benzoylglycyl-L-
phenylalanine (F0 = 1.2 X lO-6 M sec -1 at [sub
strate] > 10-2 M, [ZnCPA] = 10-8 M, pH 7.5, 25°)7 

and with A^-acetyl-L-phenylalanineamide as a substrate 
for a-chrymotrypsin (/ccat = 2 X 1O-2 sec -1, pH 7, 
25 °).8 The present experiments demonstrate that spe
cific conformational effects,1 unusual coordination geom
etries or active site distortions of the amide bond,1 

are not necessary to produce rapid hydrolysis. When 
correctly positioned a coordinated water molecule or 

(5) D. A. Buckingham, D. M. Foster, and A. M. Sargeson, J. Amer. 
Chem. Soc, 92, 6151 (1970). 

(6) M. M. Jones, T. J. Crook, and S. Brammer, / . Inorg. Nucl. Chem., 
28, 1265(1962). 

(7) R. C. Davie=, J. F. Riordan, D. S. AuId, and B. L. Vallee, Bio
chemistry, 7, 1090 (1968). 

(8) M. L. Bender, G. E. Clement, F. J. Kezdy, and H. D'A. Heck, 
J. Amer. Chem. Soc, 86. 3680 (1964). 
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hydroxide ion can be a potent nucleophile for a carbonyl 
substrate even though the metal significantly reduces 
their basicity (~10*for OH~). 

The interrelation of the intramolecular hydrolysis of 
ra-[Co(en)2OH(glyNHR)]2+ and the intermodular hy
drolysis of [Co(en)2(glyNHR)]3+ by OH~2 is supported 
by the fact that the former reaction produces [Co(en)2-
(glyNHR)]3+ as well as the hydrolyzed product. A 
common intermediate, or set of intermediates, appears 
to be required. The observation of a similar Co(III) 
aminocarbinol intermediate which divides to chelated 
ester and chelated amide in the aminolysis of an amino 
acid ester9 supports this claim. Amine loss follows 
the order NH3 > NH2CH2CO2- > NH2CH2CO2C3H7 

(Table I), the order of decreasing basicity, and supports 
the contention that the amine leaving group is pro-
tonated. The same product ratio is found with both 
the aquo and hydroxo reactants in the absence of added 
buffer (Table I, pH 4 and 8) which supports the in
volvement of a single common intermediate leading to 
products. Also, for the hydrolysis of cw-[Co(en)2-
OH(glyglyOC3H7)]

2+ in 0.1 M phosphate buffer at pH 
7.4, 87% of [Co(en)2glyO]2+is formed, compared with 
45 % at the same pH in the absence of buffer. This is 
consistent with general acid catalysis for the loss of 
amine and its relative absence for loss of OH. These 
observations are accommodated in the mechanism 
shown in Scheme I. 

(9) D. A. Buckingham, J. Dekkers, and A. M. Sargeson, J, Amer. 
Chem. Soc, 95, 4173 (1973). 

It is proposed that the rate determining step for the 
intramolecular hydrolysis occurs in the proton abstrac
tion step, II. This may be concerted accompanying I, 
but, since most of the bases used have pATa's outside the 
range spanned by the substrate hydroxo (p/Ta ~ 20 est) 
and the immediate addition product (pA"a ~ 6 est), we 
contend that a stepwise process will be preferred by all 
but very strong bases.10 For bases of pK& > 6 proton 
abstraction II becomes diffusion controlled, k = 109-
1010[B] sec -1, with every contact leading to deprotona-
tion. Thus, HPO4

2", PO4
8 - , and 0H~ are equally 

effective (A:obsd/[B] ~ 0.1 Af-1 sec"1, Brpnsted /3 = 0) 
whereas for maleate, succinate, acetate, tartrate, and 
furoate the second-order rate constant decreases lin
early with decreasing pK&, /3 = 0.75. Reprotonation 
by BH is unfavorable and the chelated amide C hy-
drolyzes to D with no B being formed. This latter 
reaction is not general base or acid catalyzed consistent 
with intermolecular attack of O H - being rate deter
mining. 

We are at present extending these mechanistic aspects 
and are continuing our study of the source of the large 
activation. 

(10) W. P. Jencks, / . Amer. Chem. Soc, 94, 4731 (1972). 
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Stereochemistry of Oxidative Addition of Alkyl 
Halides to Palladium(O) Complexes 

Sir: 
The stereochemistry of oxidative addition1 of alkyl 

halides to the transition metals of group VIII can pro
vide information as to which of the many possible 
mechanisms is operative. The addition of alkyl halides 
to d8 iridium complexes has been reported to proceed 
with retention,2 inversion,3 and racemization.4,5 The 
racemization was proposed to proceed via a free-radical 
mechanism at the asymmetric carbon center. The 
kinetics of this reaction are consistent with nucleophilic 
displacement by iridium on carbon.6 Similar oxida
tive additions of alkyl halides to d8 cobalt have been 
reported to occur with inversion of configuration at 
carbon.7 In the oxidative addition of silicon com
pounds to d8 and d10 platinum,8-10 d8 iridium,10 and 
cobalt,10 however, retention of configuration at silicon 
was exclusively observed. 

Oxidative addition reactions11 of certain alkyl and 

(1) J. P. Collman, Accounts Chem. Res., 1, 136 (1968). 
(2) R. G. Pearson and W. R. Muir, / . Amer. Chem. Soc, 92, 5519 

(1970). 
(3) J. Labinger, R. J. Braus, D. Dolphin, and J. A. Osborn, Chem. 

Commun., 612 (1970). 
(4) J. S. Bradley, D. E. Connor, D. Dolphin, J. A. Labinger, and J. A. 

Osborn, / . Amer. Chem. Soc, 94, 4043 (1972). 
(5) F. R. Jensen and B. Knickel, / . Amer. Chem. Soc, 93, 6339 (1971). 
(6) P. B. Chock and J. Halpern, / . Amer. Chem. Soc, 88, 3511 (1966). 
(7) F. R. Jensen, V. Madan, and D. H. Buchanan, J. Amer. Chem. 

Soc, 92, 1414 (1970). 
(8) C. Eaborn, D. J. Tune, and D. R. M. Walton, J. Chem. Soc, 

Chem. Commun., 1223 (1972). 
(9) C. Eaborn, P. N. Kapoor, D. J. Tune, C. L. Turpin, and D. R. M. 

Walton, J. Organometal. Chem., 34, 153 (1972). 
(10) L. H. Sommer, J. E. Lyons, and H. Fujimoto, / . Amer. Chem. 

Soc, 91, 7051 (1969). 
(11) P. Fitton, M. P. Johnson, and J. E. McKeon, Chem. Commun., 6 

(1968). 
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