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Phenoxymethyl- (8) and 6-epiphenoxymethylpenicillin benzyl ester (7) and their corresponding (S)- and (R)-
sulfoxides were studied. The methyl signals in the nmr spectra of these compounds were assigned by nuclear
Overhauser effects, and the configuration was determined by aromatic solvent induced shifts and by sulfoxide
bond chemical shift perturbations. Finally, deuterium incorporation was studied ih the isomerization of phe-
noxymethyl- (10) and 6-epiphenoxymethylpenicillin (R)-sulfoxide benzyl ester (3) to their corresponding (S)-

sulfoxides 1 and 2.

In a recent publication describing the conversion of
phenoxymethylpenicillin (S)-sulfoxide benzyl ester (1) to
the corresponding 6 epimer 2, we assumed that the latter
had kept the S configuration of the starting product.2 We
wish now to give evidence in support of this hypothesis,
by preparing the corresponding 6-epiphenoxymethylpeni-
cillin (R)-sulfoxide benzyl ester (3) and using different
nmr techniques for the assignment of configuration.
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Whereas the oxidation of 6-epiphthalimidopenicillin
methyl ester (4) with m-chloroperbenzoic acid® gave the
(R)- and (S)-sulfoxides 5 and 6 in a ratio of 1:4, the appli-
cation of the same method to 6-epiphenoxymethylpenicil-
lin benzyl ester (7) yielded only the 6-epi (S)-sulfoxide? 2,
The 6-epiphenoxymethylpenicillin (R)-sulfoxide benzyl
ester (3), however could be prepared by oxidation of 6-epi-
phenoxymethylpenicillin benzyl ester (7) with iodoben-
zene dichloride.#:5 Surprisingly no corresponding 6-epi
(S)-sulfoxide 2 was formed in this reaction, while oxida-
tion of phenoxymethylpenicillin benzyl ester (8) with io-
dobenzene dichloride afforded a mixture of the (S)- and
(R)-sulfoxides 1 and 9 in a ratio of approximately 1:4.

With ozone as oxidant87 in acetone-water (3:2) both
phenoxymethyl- (8) and 6-epiphenoxymethylpenicillin
benzyl ester (7) afforded a mixture of the corresponding

(S)- and (R)-sulfoxides in a ratio of about 1:1. In the for-
mer mixture the two sulfoxides 1 and 9 were isolated by
column chromatography, while in the latter mixture 6-epi
(S)-sulfoxide 2 was separated from 6-epi (R)-sulfoxide 3
by fractional crystallization from dry benzene, because
the two isomers presented the same Ry values in our chro-
matographic systems.

The different compounds showed the nmr signals pre-
sented in Table I.

Table I
Nmr Datac for Phenoxymethyl- and
6-Epiphenoxymethylpenicillin Derivatives

Hs Hy He 28-Me 2a-Me

8, CDCl; 4.49 5.56 5.70 1.55 1.40
1, CDCl, 4.70 5.00 6.08 1.67 1.07
9, CDCl, 4.43 4.75 5.52 1.63 1.22
7, CDCl? 4.55 5.24 5.22 1.60 1.40
C.D¢ 4.50 5.26 5.01 1.22 1.15
2, CDCL 4.56 5.05 5.44 1.64 1.10
CsDs 4.57 4.58 5.17 1.31 0.61

3, CDCl; 4.52 4.79 5.54 1.46 1.34
CeDs 4.33 4.93 5.09 0.89 1.19

¢In parts per million in 2.5% solution using TMS as
internal reference, measured on a Varian XL-100. ®Con-
centration «1% owing to insolubility in C¢Ds. The values
of 2 in CDCI; are extrapolated to infinite solution.

Assignments for the methyl groups were made using in-
ternal nuclear Overhauser effects (NOE).3:8:9 In 6-epiphe-
noxymethylpenicillin (S)-sulfoxide benzyl ester (2) a NOE
effect of 30% (in CDCls) was observed between the 23-
methyl group (1.64 ppm) and the Hj signal (4.56 ppm). A
similar effect (19%) was also observed between the 2a-
methy! group (1.10 ppm) and the Hs (5.05 ppm) but not
between Hj and the 2a-methyl group. In 6-epiphenoxy-
methylpenicillin (R)-sulfoxide benzyl ester (3) positive ef-
fects (in CDCl3 and CgDs) were observed between the 23-
methyl group (1.46, 0.89 ppm) and the Hjs signal (4.52,
4.33 ppm) (18 and 16%) and between the 2a-methyl group
(1.34, 1.19 ppm) and the Hs (4.79, 4.93 ppm) (10 and 8%).
Finally, 6-epiphenoxymethylpenicillin benzyl ester (7)
gave NOE effects (in CDCl3 and C¢Dg) between Hjz (4.55,
4.50 ppm) and the 2a-methyl group (1.40, 1.15 ppm) (7
and 9%) and the 28-methyl group (1.60, 1.22 ppm) (17
and 20%).

The high-field signal (Table I) may be assigned to the
2a-methyl protons, except for compound 3 in CgDg solu-
tion. It also may be concluded that parallel conformation-
al differences exist between both 6-epi sulfoxides 2 and 3
and the parent 6-epi sulfide 7, as has been previously re-
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Table 11
Solvent Shifts for 6-Epiphenloxymethylpenicillin Derivatives®

H; H;s Hs 26-Me 2a-Me

7, A [6(CDCl) — 8(CsDe)] 40.05 ~0.02 +0.21 +0.38 +0.25
2, A; [6(CDCI;) — 8(CeDs) ] —-0.01 +0.47 +0.27 +0.33 +0.49
Ay — A —0.06 +0.49 +0.06 —0.05 +0.24
3, A; ((CDCl;) — 5(CeDs)] +0.19 ~0.14 +0.45 +0.57 +0.15
Az — A +0.14 ~0.12 +0.24 +0.19 -0.10

¢« Positive values indicate upfield shifts, negative values downfield shifts.

Table III
Proton Resonance Shifts Induced by the Sulfoxide Bond (Ago)® in Penicillins and 6-Epipenicillins
H: Hs Hs 28-Me 2a-Me
Sulfide 8 — sulfoxide 1, CDCI, -0.21 +0.56 -0.38 —-0.12 +0.33
Sulfide 8 — sulfoxide 9, CDCl; +0.06 +0.81 +0.18 -0.08 +0.18
Sulfide 7 — sulfoxide 2, CDCl,; -0.01 +0.19 —-0.22 —0.04 +0.30
CsDs —-0.07 +0.68 -0.16 —0.09 +0.54
Sulfide 7 — sulfoxide 3, CDCl; +0.03 +0.45 —0.32 +0.14 +0.08
CeDs +0.17 +0.33 —0.08 40.33 —0.04

*Ag0 = Bsultide — Bsulfoxide. POSItive and negative signs indicate upfield and downfield shifts, respectively, resulting from the

process sulfide — sulfoxide.

ported8-10 for penicillins with a normal configuration and
their sulfoxides.

From the chemical shifts of Table I, the aromatic sol-
vent induced shift (ASIS) values were calculated (Table
I1). These data indicate that Hs and the 2a-methyl group
are shielded (0.49 and 0.24 ppm, respectively) in 2, and
that Ha, Hs, and the 28-methyl group are shielded (0.14,
0.24, and 0.19 ppm, respectively) in 3. Therefore 2 is as-
signed the S configuration and 3 the R configuration. Our
figures are in good agreement with the ASIS values ob-
tained for the epiphthalimidopenicillin sulfoxides 5 and 6.3

Sulfoxide bond chemical shift perturbations have also
been useful in assigning configuration of sulfoxides.3.8.11.12
Table III summarizes the chemical shift changes in 6-
epiphenoxymethyl- (7) and phenoxymethylpenicillin ben-
zyl ester (8) upon oxidation to their corresponding sulfox-
ides. The data show that the sulfoxide bond in sulfoxides
1 and 2 exerts shielding effects on Hs and the 2« methyl
group and exerts deshielding effects on Hs, He, and the
283-methyl group. Consequently, in the light of the pres-
ently accepted model for the screening environment
around the sulfoxide bond,® these sulfoxides should have
the S configuration. The deshielding effects on Hjz, Hs,
and the 28-methy group in (S)-sulfoxides have been ex-
plained by the occurrence of a syn-axial effect.!! The
shielding of Hs and also of the 2«-methyl group in (R)-
sulfoxides has been explained?:1! by the influence of the
lone-pair electrons of the (R)-sulfoxide function on any a-
anti-axial group. However, the upfield shift of Hg in the R
sulfoxide 9 and the 28-methyl group in the 6-epi (R)-sulf-
oxide 2 are in disagreement with calculated shifts® and
suggest that the sulfoxide-bond anisotropy might be more
complicated than previously assumed.

It should be noted that the difference in chemical shifts
between the two methyl groups is more pronounced in the
(S)-sulfoxide than in the corresponding (R)-sulfoxide
(Table I). Similar differences are observed for other peni-
cillin esters where the epimeric sulfoxides are available,3.8.2

The determination of the configuration of penicillin
(S)-sulfoxides proves that base-catalyzed epimerization
occurs without change of the configuration of the sulfoxide
function. This was further confirmed by the epimerization
of phenoxymethylpenicillin (R)-sulfoxide benzyl ester (9)
in methylene chloride with 1,5-diazabicyclo[4.3.0lnon-5-
ene (DBN) for 10 min at 0° to the corresponding 6-epiphe-
noxymethylpenicillin (R)-sulfoxide benzyl ester (3). It was
estimated from tlc that about 50% of the starting product

was epimerized and that several less polar products were
formed.

The transformation of the (R)-sulfoxides of different
penicillin esters into their S isomers in refluxing solvent
has been described. We examined the same isomerization
reaction for the (R)-sulfoxides prepared in this study.

An equilibrium mixture of the (S)-sulfoxide 1 and the
(R)-sulfoxide 9 in a ratio of about 4:1 and of the 6-epi
(S)-sulfoxide 2 and the 6-epi (R)-sulfoxide 3 in a ratio of
about 1:1 was obtained by refluxing a solution of phenoxy-
methyl- (9) and 6-epiphenoxymethylpenicillin (R)-sulfox-
ide benzyl ester (3) for 3 hr in benzene containing tert-
butyl[2H] alcohol. In both the (S)-sulfoxide 1 and the
6-epi (S)-sulfoxide 2, the 28-methyl group contained an
average of one deuterium atom with a deuterium incorpo-
ration of about 47%. The recovered 6-epi (R)-sulfoxide 3
showed no deuterium incorporation, while in the (R)-sulf-
oxide 9 the 2e-methyl group contained an average of one
deuterium atom with an incorporation of about 19%.
These results clearly indicate a greater thermodynamic
stability not only of the (S)-sulfoxide 1, which possesses a
strong hydrogen bond® to the side-chain amide proton,
but also of the 6-epi (S)-sulfoxide 2, which lacks this in-
tramolecular hydrogen bond. However, the equilibrium
ratio in the latter is less favored for the (S)-sulfoxide than
in the former epimerization mixture.

Similar treatment of phenoxymethyl- (1) and of 6-epi-
phenoxymethylpenicillin  (S)-sulfoxide benzyl ester (2)
gave only starting products, which nevertheless contain an
average of one deuterium located in the 28-methyl group.
The deuterium incorporation was established from nmr
and mass spectra, around 10%. Prolonged heating (24 hr)
in benzene containing tert-butyl[2H] alcohol increases the
deuterium incorporation in the 28-methyl group to about
47% in 1 and 70% in 2.

It has been reported that prolonged heating of 11 in
benzene containing deuterium oxide is required before
deuterium incorporation into the 28-methyl group is ob-
served.13

These experiments confirm the involvement of a sulfen-
ic acid5-7+13 in the thermal epimerization of (R)-sulfoxides
to (S)-sulfoxides.

Experimental Section

Melting points were determined on a Buchi-Tottoli apparatus
and are corrected. The ir spectra were recorded on a Perkin-
Elmer 257 spectrometer. The nmr spectra were run on a Varian
XL-100 spectrometer with tetramethylsilane (TMS) as internal
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standard. Mass spectra were recorded on a single focusing AEI-
MS 12 apparatus, operating at 8-kV accelerating voltage, 100-gA
trap current, and 70 eV ionization energy. Deuterium incorpora-
tion percentages are calculated on the M+ — H;0 peak by a tem-
perature of 170-180° and are minimum values, because some
HOD may be split off. The ozone oxidations were run using a J.
W. Towers (Gallenkamp) ozonizer with an output of 0.6 g of Og /hr.

Phenoxymethylpenicillin (R)-Sulfoxide Benzyl Ester (9). A.
Oxidation of Phenoxymethylpenicillin Benzyl Ester (8) with
Ozone. Into a cooled (0°) solution of phenoxymethylpenicillin
benzyl ester (8, 3.0 g, 6.82 mmol) in 50 ml of 3:2 acetone-water
mixture was bubbled ozone for 3.0 hr. Evaporation of acetone
from the reaction mixture gave an emulsion which was extracted
three times with 100 ml of EtOAc. Extracts were washed with
water, dried (Na;SOy), and evaporated to an oil, which was a
mixture of the two sulfoxides 1 and 9 in a ratio of £1:1 (nmr). As
crystallization in methanol failed, the oil was chromatographed
over silica gel (40.0 g) using a gradient of benzene changing to
benzene-acetone (80:20) as eluent. Fractions (10 ml) 30-47 were
evaporated by dryness, and the product was crystallized from an-
hydrous methanol (5 ml), yielding 1.21 g (39%) of the (S)-sulfox-
ide 1. Fractions 52-74 were evaporated to dryness, dissolved in 10
ml of anhydrous benzene, and lyophilized, yielding 0.87 g (28%) of
the amorphous (R)-sulfoxide 9: mp about 80° dec; [«]?°D +118° (¢
0.5, acetone); m/e 456; ir (KBr) 3460-3120, 1675, 1510 (amide),
1790 (B-lactam C=0), 1750, 1210 (ester), 1055 cm-1 (S=0);
nmr (CDCl3) 8 1.22 (s, CH3), 1.63 (s, CH3), 4.43 (s, 3-H), 4.56 (s,
OCH,CO0), 4.75 (d, J = 4.5 Hz, 5-H), 5.23 (AB, CHy), 5.52 (dd, J
= 4.5,10.5 Hz, 6-H), 6.92-7.42 (m, phenyl and amide).

B. Oxidation of Phenoxymethylpenicillin Benzyl Ester (8)
with Todobenzene Dichloride. A solution of iodobenzene dichlo-
ride (1.65 g, 6 mmol) in 4 ml of anhydrous pyridine was added at
once to a stirred solution of phenoxymethylpenicillin benzyl ester
(8, 1.76 g, 4 mmol) in 4 ml of 20% aqueous pyridine. The mixture
was diluted with 40 ml of methylene chloride, washed once with
40 ml of 1 M sulfuric acid and three times with 40 mi of ice-
water, dried (Na,SO4), and evaporated to an oil. The residue was
dissolved in 10 ml of dry benzene and chromatographed as de-
scribed under A, yielding 1.08 g (59%) of starting product, 75 mg
(4%) of crystalline (S)-sulfoxide 1, and 302 mg (16%) of amor-
phous (R)-sulfoxide 9.

C. Esterification of Phenoxymethylpenicillin (R)-Sulfoxide
Free Acid (10). To a cooled (0°) solution of phenoxymethylpeni-
cillin (R)-sulfoxide (10, 1.0 g, 2.73 mmol) in 10 ml of anhydrous
acetone, a solution of phenyldiazomethanel4 in n-pentane was
added dropwise until an orange color persisted. The mixture was
kept for a further 30 min at 0°, and the excess of phenyldiazo-
methane was destroyed by addition of 0.5 ml of acetic acid. The
solution was diluted with 50 ml of methylene chloride, washed
twice with 20 m] of 1 M NaHCO; and twice with 20 ml of HO,
dried (Na»S0Q4), and evaporated to an oil. The residue was chro-
matographed as described under A, yielding 631.0 mg (51%) of
amorphous (R)-sulfoxide.

6-Epiphenoxymethylpenicillin (R)-Sulfoxide Benzyl Ester
(3). A. Oxidation of 6-Epiphenoxymethylpenicillin Benzyl
Ester (7) with Ozone. The 6-epiphenoxymethylpenicillin benzyl
ester (7, 660.0 mg, 1.5 mmol) was oxidized with ozone as de-
scribed for 8 under A, yielding 386.0 mg (56%) of amorphous
solid, which contained the two sulfoxides 2 and 3 in a ratio of
about 1:1 (nmr). The mixture was crystallized from 3 ml of anhy-
drous benzene, yielding 177.0 mg (26%) of 6-epi (S)-sulfoxide 2.
Lyophilization of the filtrate gave 194.0 mg (28%) of noncrystal-
line 6-epi (R)-sulfoxide 3: mp about 70° dec; {a]2%p +116° (¢ 0.5,
acetone); m/e 456; ir (KBr) 3360, 1680, 1515 (amide), 1782 (8-lac-
tam C==0), 1747, 1212 (ester), 1050 cm~?! (8=0); nmr (CDCl3) &
1.34 (s, CHa), 1.46 (s, CHaj), 4.52 (s, 3-H), 4.56 (s, OCH3), 4.79 (d,
J = 1.5 Hz, 5-H), 5.22 (AB, CH»), 5.54 (dd, J = 1.5, 9 Hz, 6-H),
6.84-7.48 (m, phenyl and amide).

B. Oxidation of 6-Epiphenoxymethylpenicillin Benzyl Ester
(7) with Iodobenzene Dichloride. 6-Epiphenoxymethylpenicillin
benzyl ester (880.0 mg, 2 mmol) was oxidized with iodobenzene
dichloride as described for 8 under B, yielding an oil which con-
tained only the 6-epi (R)-sulfoxide 3. Lyophilization of the residue
from anhydrous benzene gave 524.0 mg (57%) of amorphous 6-epi
(R)-sulfoxide 3.

C. Epimerization of Phenoxymethylpenicillin (R)-Sulfoxide
Benzyl Ester (9). A solution of DBN (80.7 mg, 0.65 mmol) in 0.5
mi of methylene chloride was added to a cooled (0°) solution of
phenoxymethylpenicillin (R)-sulfoxide benzyl ester (9, 296.0 mg,
0.65 mmol) in 6 ml of anhydrous methylene chloride. The reaction
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was allowed to proceed at 0° for 20 min. The mixture was evapo-
rated to near dryness, and preparative tlc of the residue (ben-
zene-EtOAc, 50:50) gave, after elution with acetone, evaporation
to dryness, and lyophilization from dry benzene, 86.0 mg (29%) of
starting material 9 and 115.0 mg (39%) of 6-epiphenoxymethyl-
penicillin (R)-sulfoxide benzyl ester (3). The product was identi-
cal in all respects with the compound described under A.

Incorporation of Deuterium. A. Phenoxymethylpenicillin
(R)-sulfoxide benzy! ester (9, 300.0 mg, 0.66 mmol) was heated in
refluxing benzene (12 ml) containing tert-butyl{2H] alcohol (6 ml)
for 3 hr. The residue obtained after removal of solvents was dis-
solved in methanol (2 ml), and the solution was set aside for 16 hr
at room temperature. The crystals of the corresponding (S)-sulf-
oxide 1 thus obtained were collected and washed with methanol
to yield 188 mg (63%). Preparative tlc of the filtrate gave 48.0 mg
(16%) of unchanged (R)-sulfoxide 9.

The (S)-sulfoxide 1 showed in its integrated nmr spectrum a
ratio of the two methyl signals (28:2a) of 2.52:3.00, indicating an
incorporation of 48% deuterium; the amide proton integrated as
1.0 H. In its mass spectrum this material showed a mixture of
53.7% do, 39.1% d1, 6.8% d2, and 0.3% d3 products. The recovered
(R)-sulfoxide 9 showed in its integrated nmr spectrum a ratio of
the two methyl signals (28:2a) of 2.81:3.00, indicating an incorpo-
ration of 19% deuterium. Its mass spectrum showed a mixture of
82.0% do, 16.9% d1, and 1.1% d2 products.

B. Phenoxymethylpenicillin (S)-sulfoxide benzy) ester (1, 100.0
mg, 0.22 mmol) was heated in refluxing benzene (4 ml) containing
tert-butyl[2H] alcohol (2 ml) for 3 hr. Treatment of the product as
in A gave 89.0 mg (89%) recovery of starting material. The meth-
yl ratio in its integrated nmr spectrum was for 28:2« 2.89:3.00, in-
dicating a deuterium incorporation of 11%. The mass spectrum
showed a mixture of 91.5% dy, 6.6% d1, and 1.9% dp products.

When heating was continued for 24 hr and the product was
treated as in A, 56 mg (56%) of starting material 1 was recovered,
showing in its nmr spectrum a methyl ratio (28:2«a) of 2.53:3.00.
This corresponds with a deuterium incorporation of 47%. The
mass spectrum showed a mixture of 60.4% do, 32.0% d;, and 7.5%
dz products.

C. 6-Epiphenoxymethylpenicillin (R)-sulfoxide benzyl ester (3,
55.0 mg, 0.12 mmol) was heated in refluxing benzene (2 ml) con-
taining tert-butyl{2H] alcohol (1 ml) for 3 hr. After the 2H of the
amide group was reexchanged with methanol, the solvent was re-
moved and the residue was lyophilized from dry benzene, yielding
40.0 mg (73%). Preparative tlc of the residue (20:80 acetone-ben-
zene) gave 15.0 mg (25%) of a mixture of the (R)- and (8)-sulfox-
ide in a ratio of 46:54. The integrated nmr spectrum of the mix-
ture showed a ratio of the two methyl groups (28:2«) of 2.54:3.00
in the 6-epi (S)-sulfoxide 2, indicating an incorporation of 46%
deuterium. The 6-epi (R)-sulfoxide showed no deuterium incorpo-
ration. The two products could not be separated. The mass spec-
trum of the mixture showed 82.4% do, 14.2% di, and 3.4% do
products,

D. 6-Epiphenoxymethylpenicillin (S)-sulfoxide benzy! ester (2,
100.0 mg, 0.22 mmol) was heated in refluxing benzene (4 ml) con-
taining tert-butyl[2H] alcohol (2 ml) for 3 hr. Work-up as in A
gave 60.0 mg (60%) of starting material. The integrated nmr
showed a ratio of the two methyl groups (28:2a) of 2.90:3.00, indi-
cating an incorporation of deuterium of 10%. Its mass spectrum
showed a mixture of 89.0% dy and 11.0% d1 products.

When heating was continued for 24 hr and the product was
treated as in A, 20 mg (20%) of starting material 2 was recovered,
showing in its nmr spectrum a methyl ratio (28:2a) of 2.30:3.00.
This corresponds with & deuterium incorporation of 70%. The
mass spectrum showed a mixture of 34.0% do, 48.0% d1, 17.5% d2,
and 0.5% d3 products.
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o-Nitrophenyl Esters of Benzyloxycarbonylamino Acids and Their
Application in the Synthesis of Peptide Chains by the in Situ Technique!
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Synthesis of S-benzyl-L-cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-asparaginyl-S-benzyl-L-cysteinyl-L-pro-
lyl-L-leucylglycinamide (S,S’-dibenzyloxytoceine) is described. The partially protected tetrapeptide derivative,
S-benzyl-L-cysteinyl-L-prolyl-L-leucylglycinamide, was acylated with the o-nitrophenyl ester of benzyloxycar-
bonyl-L-asparagine and the chain was lengthened in the same manner, with o-nitrophenyl esters of benzyloxy-
carbonylamino acids, until the fully protected nonapeptide was secured. The latter was partially deprotected
with HBr in acetic acid and S,S’-dibenzyloxytoceine was obtained as the hydrobromide. All of the operations
were carried out in the same vessel from which the intermediates were not removed throughout the synthesis.
The preparation and properties of o-nitrophenyl esters of benzyloxycarbonylamino acids are also reported.

In a recent publication? from this laboratory, the prepa-
ration of o-nitrophenyl esters of tert-butyloxycarbonylami-
no acids and their application in the synthesis of a pro-
tected nonapeptide, corresponding to the C-terminal se-
quence of a secretin analog, was described. An additional
characteristic feature of the synthesis was that the inter-
mediates remained in the same vessel throughout the
chain lengthening steps. The expression “in situ peptide
synthesis” was proposed for the new technique. This re-
port deals with an extension of the new approach to ben-
zyloxycarbonylamino acid o-nitrophenyl esters and in-
cludes also the preparation and properties (Table I) of a
number of such active esters. The intriguing questions,
why o-nitrophenyl esters are more reactive* than their
para isomers, why their reaction rates in aminolysis are
less solvent dependent,® and why these rates remain less
effected by steric hindrance, such as encountered in solid
phase peptide synthesis,® are the subject of a separate
study.”

The preparation of o-nitrophenyl esters of benzyloxycar-
bonylamino acids followed the procedure used for the
para isomers.8.9 However, in the case of hindered amino
acids such as isoleucine or valine, pyridine rather than
ethyl acetate had to be applied as solvent. Otherwise, the
relatively poor reactivity of o-nitrophenol resulted in the
formation of appreciable amounts of N-acyldicyclohexyl-
ureas and it was necessary to purify the products by chro-
matography. In pyridine, the nucleophilic character of o-
nitrophenol is more prox"wunced; the esterification pro-
ceeds at a faster rate as shown by the disappearance of
the 4.8-u band of DCC in the ir spectra. Details of the
preparation of the active esters are described in the Ex-
perimental Section, their properties in Table I.

For the examination of the usefulness of the new group
of active esters for chain lengthening, especially by the in
situ technique, the partially protected nonapeptide S-ben-
zyl-v-cysteinyl-L-tyrosyl-L-isoleucyl-L-glutaminyl-L-aspara-
ginyl-S-benzyl-L-cysteinyl-L-prolyl-r-leucylglycinamide

(S,S’-dibenzyloxytoceine)® was selected. This choice was
dictated in part by the familiarity of one of the authors
(M. B.) with the synthesis of this peptide, including the
properties of the intermediates. The in situ approach? re-
quires a suitable solvent for the acylation reaction and a
precipitant for the selective separation of the intermediate
acyl peptides from the by-products, such as salts of trieth-
ylamine or diisopropylamine,! nitrophenol, and also from
the excess!? of the acylating reagent, the active ester. For
some peptide derivatives it may be difficult to find a
proper solvent-precipitant combination, and information
on the solubility properties of the expected products is.in-
deed desirable, In the present synthesis of S,S’-dibenzyl-
oxytoceine, the protected tetrapeptide derivative N-ben-
zyloxycarbonyl-S-benzyl-L-cysteinyl-L-prolyl-L-leucylgly-
cinamide!® was used as starting material, because the
shorter chain intermediates are too soluble in common or-
ganic solvents that can keep the by-product, etc., in solu-
tion. The benzyloxycarbonyl group was removed with HBr
in acetic acid, the hydrobromide precipitated and washed
with ether, and the resulting amine allowed to react with
the o-nitrophenyl ester of the next residue, benzyloxycar-
bonyl-L-asparagine, in dimethylformamide in the presence
of tertiary base. The protected pentapeptide was isolated
by dilution of the reaction mixture with 95% ethanol. The
same combination, dimethylformamide as solvent and
95% ethanol as precipitant, was used through the rest of
the synthetic procedure. The reactions were carried out in
a centrifuge tube, from which the intermediates were not
removed. The yields in this facile technique were found to
be comparable with those of the conventional approach in
which the intermediates were transferred from the reac-
tion vessel to a filter, etc. These intermediates (Table II)
were obtained mostly in satisfactory purity; yet, when nec-
essary, they could be purified by recrystallization, still in
situ, in the same centrifuge tube.

Because of some obvious limitations, such as the avail-
ability of a suitable solvent-precipitant combination or



