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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
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Table I
o-Nitrophenyl Esters of Benzyloxycarbonylamino Acids
Benzyloxy-
carbonyl- [a]2%D
amino acid (c 2, DMF Elemental analyses, 7
Registry o-nitrophenyl Mp, containing —~—=Tlc~—— Mol Caled Found-
no. ester °C 1% AcOH) R;(A) R¢(B) Formula wt C H N C H N

40777-53-5 Ala 94 —51  0.72 0.60 CiH,N,O, 344.3 59.3 4.7 8.1 59.0 4.7 8.0
49844-60-2  Asp(Bzl) 74-75 —32 0,73 0.62 CyuHpN,O3 478,56 62.8 4.6 5.8 62.7 4.7 5.8
41446-00-8 Asn 162 —42 0.62 0.36 CisHpiNOs 387.4 55.8 4.4 10.8 55,9 4.5 10.6
23180-02-1 Cys(Bzl) 98-99 —-105 0.70 0.56 CyHyN,OSe 466.5 61.8 4.7 6.0 61.8 4.7 6.2
49689-66-9 Glu(Bzl) 83-84 —43 0.71 0.62  CyH::N,O4 4925 63.4 49 57 63.2 48 5.6
49689-67-0 GIln 135-136 -39 0.66 0.40 C;oHy;oN;O; 401.4 56.9 4.8 10.5 56.6 4.8 10.6

6154-41-2 Gly 75 0.71 0.62 Cy;HuN,Os. 330.3 58.2 4.3 8.5 579 4.4 8.5
49689-69-2 Ile 0il 0.84 0.88 CgHiN:Os 386.4 62.2 57 7.3 b
49689-70-5 Leu 87-89 —47 0.83 0.90 CyHyN:Os 386.4 62.2 5.7 7.3 623 57 7.5
49689-71-6  Lys(Boc) 76-78 -32 0.75 0.65 CyHuN;Os 501.5 59.9 6.2 8.4 59.8 6.2 8.3
49689-72-7 Met 65-67 —-56 0.77 0.89 CiHxN, OS¢ 404.4 56.4 50 6.9 56.4 49 6.9
49689-73-8  Phe 109-110 —63 0.80 0.67 Cy3HzNN:Oq 4204 65.7 4.8 6.7 66,9 4.9 6.8
49689-74-9 Pro 0Oil 0.77 0.83 C;yH;sN;Os 3704 616 49 7.6 b
49689-75-0  Ser(Bzl) 55-57 -18 0.82 0.90 C.H,:N,0, 450.5 64.0 49 6.2 64.2 5.1 6.2
49689-76-1. Trp 116-118 —65 0.70 0.57 C3H;NOs 459.5 654 4.6 9.2 65.6 4.7 9.2
49689-77-2 Tyr(Bzl) 137 —55 0.83 0.87 CyH;y N0, 526.6 68.4 5.0 5.3 68,56 5.2 5.3
49689-78-3 Val 0il 0.76 0.86 CisHxN:0s 372.4 61.3 5.4 7.5 b

¢ S: Caled 6.7, found 6.6. b No satisfactory analyses were obtained; the oily products were characterized by their uv,

ir, and nmr spectra. ¢ S: Caled 7.9, found 7.7.

Table I1
Properties of the Protected Intermediates of the in Situ Synthesis of S,S’'-Dibenzyloxytoceine
Registry Yield,* Tle Mp,®
Intermediate no. A Ri(A) °C
Z-Asn-Cys(Bzl)-Pro-Leu-Gly-NH. 14485-83-7 820 0.58 211-213%
(79) (211-212)
Z-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH, 21688-11-9 95 0.43 202-203
(80)° (210-212) .4
Z-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH; 14485-85-9 79 0.52 229-232
(80) (228-230)
Z-Tyr(Bzl)-Ile-GIn-Asn-Cys(Bzl)-Pro-Leu-Gly-NH, 39005-18-0 96 0.65 237-239
(92) (240-242)
Z-Cys(Bzl)-Tyr-Ile-Gln-Asn-Cys(Bzl)-Pro-Leu-Gly-NH, 3274-73-5 92 0.68 239-242
(92) (239-242)

¢ In parentheses, yields and melting points of the intermediates prepared in a control experiment by conventional tech-
nique are reported. ® After recrystallization from 90% EtOH. ¢ After recrystallization from 80% EtOH. ¢ This protected
hexapaptide amide might be dimorphic. Previously reported melting points: 209° [R. A. Boissonnas, S. Guttmann,
P. A. Jagenoud, and J. P. Waller, Helv. Chim. Acte, 38, 1491 (1955)]; 209-210° [J. Rudinger, J. Honzl, and M. Zaoral,
Collect. Czech. Chem. Commun., 21, 202 (1956) }; and 247-248° [M. Bodanszky and V. du Vigneaud, /. Amer. Chem. Soc.,

81, 5688 (1959) 1.

the need for different equipment for different size batches,
we cannot propose that the in situ technique should be
used as the exclusive approach for peptide synthesis in so-
lution. Moreover, it is our general view that each individ-
ual objective requires careful considerations before a deci-
sion on the approach is made. Nevertheless, the experi-
ence reported here suggests that o-nitrophenyl esters of
protected amino acids are useful tools and the in situ
technique a convenient approach in peptide synthesis.

‘Experimental Section

Capillary melting points are reported uncorrected. On thin-
layer chromatograms, the protected peptides were revealed by
tert-butyl hypochlorite-KI reagents.14-15 Active esters were de-
tected by their uv absorption and through exposure to ammonia.
The following solvent systems were applied for development: A,
n-BuOH-AcOH-H,0 (4:1:1); B, CHCl3-MeOH (9:1); C, EtOAc~
pyridine-AcOH-H,0 (60:20:6:11) [in paper chromatography n-
BuOH-pyridine~AcOH-H20 (30:24:6:20)].28 Reagent grade com-
mercial solvents were used without purification, but DMF was
dried over a molecular sieve (Linde 4A 4AXH). For amino acid
analysis, samples were hydrolyzed with constant boiling 6 N HCI
in evacuated, sealed ampoules at 110° for 16 hr and analyzed by
the Spackman-Stein-Moore method.7

Benzyloxycarbonylglycine o-Nitrophenyl Ester Benzyloxy-
carbonylglycine (4.2 g, 20 mmol) and o-nitrophenol (5.56 g, 40
mmol) were dissolved in pyridine (100 ml). The solution was

cooled to 5° in an ice bath and DCC (3.7 g, 18 mmol) was added
to the stirred solution with an additional 35 ml of pyridine. The
solution was kept at 5° for 0.5 hr and at room temperature for 1.0
hr. The pyridine was evaporated in vacuo and the residue was
treated with ether (100 ml). The precipitate was filtered and
washed with ether (100 ml). The combined filtrate and washings
were evaporated and the residue was taken up in chloroform (250
ml). The chloroform solution was extracted successively with 0.1
N HCI (100 ml), HoO (100 ml), and 0.1 N NaOH (6 X 50 ml).
The organic layer was washed with water (2 X 100 ml), dried over
MgSO,, and filtered, and the solvent was evaporated in vacuo.
Trituration of the crude oil with hexane precipitated a solid
which was collected on a filter and washed with hexane. The air-
dried material (5.44 g) was recrystallized from warm 95% ethanol
(20 ml). Colorless prisms were collected, washed with cold etha-
nol, and dried in vacuo to give 3.77 g (mp 75°). Concentration of
the mother liquors gave a second crop (0.84 g) with the same
melting point; total yield, 74%.

Benzyloxycarbonyl-L-alanine o-nitrophenyl ester was pre-
pared according to the method described for Z-Gly-ONO. The
crude solid product was recyrstallized from 95% ethanol to give
4.4 g of colorless needles, mp 93-94°. A trace of DCU was detected
on tlc (system B) and this impurity was removed by dissolving
the material in a small amount of ether, filtering, and evaporat-
ing to dryness. The final product (4.2 g, 64%) melted at 94°.

Benzyloxycarbonyl-L-valine o-nitrophenyl ester was prepared
according to the procedure described for Z-Gly-ONO. The prod-
uct so far failed to crystallize even after chromatography on a col-
umn of silica gel with CHCl; as eluent, but it was homogeneous
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on tle, This active ester was characterized by its uv (A3lgy 257
nm), ir (active ester CO 5.65 u), and nmr (the expected reso-
nances) spectra.

Benzyloxycarbonyl-L-leucine o-Nitrophenyl Ester. The meth-
od used for Z-Gly-ONO was followed. The crystalline residue left
after evaporation of the chloroform solution was purified by re-
crystallization from 95% ethanol. The purified material (74%)
melted at 87-89°.

Benzyloxycarbonyl-L-isoleucine o-nitrophenyl ester was ob-
tained as an oil, (The procedure described for Z-Gly-ONO was
followed.) After chromatography on a column of silica gel in
CHClj3, the product was homogeneous on tic (Aalg, 257 nm, ac-
tive ester CO at 5.66 1) and gave the expected nmr spectrum.

Benzyloxycarbonyl-L-aspartic Acid «-o-Nitrophenyl Ester,
B-Benzyl Ester, Benzyloxycarbonyl-L-aspartic acid 8-benzyl ester
(3.86 g, 10.8 mmol) and o-nitrophenol (2.78 g, 20 mmol) were dis-
solved in pyridine (50 ml); the solution was cooled in an ice bath
to 5°. DDC (2.06 g, 10 mmol) was added to the stirred solution.
The reaction was allowed to proceed at 5° for 1.5 hr, at which
time the ir spectrum showed disappearance of the carbodiimide
band at 4.8 u. The reaction mixture was concentrated to ca. 25 ml
in vacuo. The N,N’-dicyclohexylurea (DCU) was collected on a
filter and washed with pyridine (20 ml). The filtrate and wash-
ings were combined and evaporated in vacuo. Ether (150 ml) was
added to the solid residue, and additional DCU was removed.
The filtrate was evaporated in vacuo, the residue dissolved in
chloroform (100 ml), and the solution extracted with 5% citric
acid (100 ml), water (100 ml), 0.1 N NaOH (2 X 100 ml), and
water (100 ml). The organic layer was dried over MgSO,, filtered,
and evaporated in vacuo. The crude oil which solidified on cooling
in an ice bath was dissolved in hot 95% ethanol containing 1%
acetic acid (35 ml). Upon cooling, crystals separated. They were
collected on a filter, washed with cold ethanol, and dried in
vacuo, 3.36 g (70%), mp 74-75°.

Benzyloxycarbonyl-L-glutamic acid a-o-nitrophenyl ester -
benzyl ester was prepared following the procedure described
above for the corresponding derivative of aspartic acid. The prod-
uct was crystallized from 95% ethanol containing 1% acetic acid.
The purified material was obtained in 60% yield, mp 83-84°,

Benzyloxycarbonyl-L-asparagine o-nitrophenyl ester was
prepared on a 5-mmol scale, according to the procedure described
in ref 9. The crude product was recrystallized from hot ethyl ace-
tate; the purified material (0.87 g, 47%) melted at 162°.

Benzyloxycarbonyl-L-glutamine o-nitrophenyl ester was pre-
pared from 20 mmol of Z-Gln as described for the corresponding
p-nitrophenyl ester.? The purified active ester (1.9 g, 24%) melts
at 188-139°, For analysis, a sample was recrystallized from hot
ethyl acetate. This product had a somewhat lower melting point
(135-136°).

N¢.tert-Butyloxycarbonyl-N%-benzyloxycarbonyl-L-lysine o-
nitropheny! ester was prepared from 456 mmol of the protected
amino acid with 90 mmol of o-nitrophenol and 40 mmol of DCC
as described for the active ester of Z-Gly. The crude product so-
lidified under hexane; it was washed with hexane, dried in air
(15.8 g), and then recrystallized from hot 95% ethanol containing
1% acetic acid. The purified active ester was collected in two
crops which totaled 9.9 g (44%), mp 76-78°.

N-Benzyloxycarbonyl-S-benzyl-L-cysteine o-nitrophenyl es-

ter was obtained following the procedure used for Z-Gly-ONO..

The crude product solidified on evaporation of the chloroform so-
lution. It was recrystallized from hot 95% ethanol containing 1%
acetic acid, from which, on cooling, it separated into colorless
needles. From a 6-mmol experiment, 1.9 g (77%) pure active ester
was secured, mp 98-100° (lit.18 101-102°).
N-Benzyloxycarbonyl-O-benzyl-L-serine o-nitrophenyl ester
was prepared in pyridine solution as described for Z-Gly-ONO,
but about a day was necessary for the completion of the reaction
(disappearance of the 4.8-u band in the ir spectrum). The product
was crystallized from ether-hexane, 61%, mp 55-57°.
Benzyloxycarbonyl-L-methionine o-nitrophenyl ester was
prepared by the standard procedure described for Z-Gly-ONO.
The crude material was crystallized under hexane, but was still
not homogeneous on tlc. For final purification, it was chromato-
graphed on a silica gel column (2.5 X 42 ¢cm) with CHCl3 as el-
uent. The purified material (3.77 g, 78%) melted at 65-67°,
Benzyloxycarbonyl-L-proline o-nitrophenyl ester was ob-
tained by following the method described above, including chro-
matography on silica gel, but no crystals could be secured: \aigx
257 nm, active ester CO 5.65 u, nmr as expected. '
Benzyloxycarbonyl-L-phenylalanine o-Nitrophenyl Ester.
Ethyl acetate was used as a solvent (cf. ref 8) in this preparation.

Bodanszky, Kondo, Lin, and Sigler

The purified product (57%) was obtained by crystallization from
95% ethanol containing 1% acetic acid, mp 109-110°,

Benzyloxycarbonyl-L-tryptophan o-Nitrophenyl Ester. Ben-
zyloxycarbonyl-L-tryptophan (3.26 g, 10 mmaol) and o-nitrophenol
(1.67 g, 12 mmol) were dissolved in ethyl acetate (50 ml) and the
solution was cooled to 5° in an ice bath, DCC (2.26 g, 11 mmol)
was added to the stirred solution. The reaction was allowed to
proceed 0.5 hr at 5° and an additional 5.5 hr at room tempera-
ture. Acetic acid (0.2 ml) was added and, after 15 min of stirring,
the mixture was filtered. The precipitate was washed with ethyl
acetate (20 ml), the filtrate and washings were evaporated in
vacuo, and the residue redissolved in ether (100 ml). The ether
solution was filtered and evaporated to give a crude oil which was
dissolved in warm 95% ethanol containing 1% acetic acid (35 ml).
Upon cooling, orange crystals formed. In two crops, a total of 2.83
g (59%) of active ester was secured, mp 116-118°,

N-Benzyloxycarbonyl-O-benzyl-L-tyrosine o-Nitrophenyl Es-
ter. To a solution of Z-L-Tyr(Bzl)-OH (2.55 g, 6.2 mmol) in
pyridine (6 ml), o-nitrophenol (1.68 g, 12 mmol) was added at 0°
followed by DCC (1.24 g, 6 mmol). After 30 min, the reaction
mixture was allowed to come to room temperature and was held
there for 4.5 hr. Ethyl acetate (6 ml) was added to the mixture,
the DCU which separated was filtered off and washed with ethyl
acetate (5 ml). The combined filtrates and washings were evapo-
rated to dryness, the crystalline residue dissolved in hot 95% eth-
anol (15 ml) containing 1% AcOH, and the solution left at room
temperature overnight. The crystalline product was collected,
washed with ethanol (5 ml), and dried over Pz0s, 2.81 g (89%),
mp 136-137°.

S,5’-Dibenzyloxytoceine (Hydrobromide). A sample of the
protected tetrapeptide derivative N-benzyloxycarbonyl-S-benzyl-
L-cysteinyl-L-prolyl-L-leucylglycinamide!? (612 mg, 1 mmol) was
dissolved in AcOH (1.5 ml) and treated with 4 N HBr in AcOH
(1.5 ml) at room temperature for 1 hr. Dry ether (30 ml) was
added and the tetrapeptide amide hydrobromide separated by
centrifugation.’® The salt was washed with ether (3 X 30 ml),
dried in vacuo over NaOH for about 30 min, and dissolved in
DMF (4 ml). Triethylamine was added to the solution until it
was neutral (0.16 ml), and then an additional amount (0.14 ml)
was added for the liberation of the free amine from its salt. After
the addition of Z-L-Asn-ONO (cf. above, 580 mg, 1.5 mmol), the
slight alkalinity?0 of the mixture was maintained with small
amounts of triethylamine (a total of 0.14 ml was used for this
purpose). After 1 day, a spot from the solution on filter paper
gave no color with ninhydrin, Most of the solvent was removed in
vacuo at 30° bath temperature, the residue taken up in 95% etha-
nol (20 ml) and the resulting suspension centrifuged. The pro-
tected pentapeptide amide was washed with 95% ethanol, ethyl
acetate, and ether (30 ml each), dried in vacuo, and weighed.
Small samples were used for tlc and for the determination of the
mp (cf. Table II). The pentapeptide derivative was recrystallized
from hot 90% ethanol (20 ml). The purified product was depro-
tected in situ with HBr in AcOH as described above and the
chain was lengthened in the same manner until the nonapeptide
derivative was secured. The o-nitrophenyl esters of Z-L-Gln, Z-
L-Ile, Z-L-Tyr(Bzl), and Z-L-Cys(Bzl) were used for acylation, all
in 50% excess.1? In the final coupling step, during acylation with
Z-L-Cys(Bzl)-ONO, diisopropylethylamine!! rather than triethyl-
amine was used as the acid-binding tertiary base. The yields on
the individual protected intermediates, their melting point and
behavior in tlc are summarized in Table II, which also contains
the corresponding data on the same intermediates, prepared by
the same series of steps but with conventional operations such as
filtration, etc.

The major part (615 mg, 0.49 mmol) of the fully protected no-
napeptide derivative, N-benzyloxycarbonyl-S-benzyl-L-cysteinyl-
L-tyrosyl-L-isoleucyl-L-glutaminyl-L-asparaginyl-S-benzyl-L-cys-
teinyl-L-prolyl-L-leucylglycinamide, was treated with HBr in
AcOH as described above. The ether-washed and dried hydro-
bromide (750 mg)?* suspended in 95% ethanol (3 ml) was treated
with triethylamine (0.1 ml) and the solid separated by centrifu-
gation. It was washed with 95% ethanol (3 X 2 ml) and with ether
(3 ml) and dried in vacuo (526 mg), mp 214-216°. An aliquot (504
mg) of this material was dissolved in the upper phase (20 ml) of
the solvent system n-BuOH-pyridine-AcOH-Hs0 (4:2:1:7)22 from
which the peptide gradually separated. After 2 days at room tem-
perature, the purified material was collected by centrifugation,
washed with 95% ethanol, ethyl acetate, and ether (3 ml each), .
and dried in vaecuo at room temperature. The purified product
(316 mg), mp 237-239° (lit.23 220-225°), gave a single spot on tlc,
R¢(A) 0.42, R¢(C) 0.23, and on paper chromatogram, R; 0.91;
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[@)2%D = 54° (c 2.3, 80% AcOH), [«]?®p - 34° (¢ 1.1, DMF). From
the mother liquor, a second crop (73 mg, mp 231-234°) was ob-
tained. Amino acid analysis: Asp, 1.05; Glu, 1.0; Pro, 0.95; Gly,
1.1;Ile, 1.0; Leu, 1.0; Tyr, 0.90; Cys(Bzl), 1.9.

Anal. Caled for C57Hs1N120128:Br: C, 53.9; H, 6.4; N, 13.2; S,
5.1; Br, 6.3. Found: C, 54.0; H, 6.5; N, 13.1; S, 5.2; Br, 6.6.

Registry No. o-Nitrophenol, 88-75-5; benzyloxycarbonylgly-
cine, 1138-80-3; benzyloxycarbonyl-L-alanine, 1142-20-7; benzyl-
oxycarbonyl-L-valine, 1149-26-4; benzyloxycarbonyl-L-leucine, 2018-
66-8; benzyloxycarbonyl-L-isoleucine, 3160-59-6; benzyloxycar-
bonyl-L-aspartic acid B-benzyl ester, 3479-47-8; benzyloxycar-
bonyl-L-glutamic acid +y-benzyl ester, 5680-86-4; benzyloxycar-
bonyl-1.-asparagine, 35264-96-1; benzyloxycarbonyl-L-glutamine,
2650-64-8; Nt-tert-butyloxycarbonyl-Ne-benzyloxycarbonyl-L-lys-
ine, 2389-60-8; N-benzyloxycarbonyl-S-benzyl-L-cysteine, 3257-
18-9; N-benzyloxycarbonyl-O-benzyl-L-serine, 20806-43-3; benzyl-
oxycarbonyl-L-methionine, 1152-62-1; benzyloxycarbonyl-L-pro-
line, 1148-11-4; benzyloxycarbonyl-L-phenylalanine, 1161-13-3;
benzyloxycarbonyl-L-tryptophan,  7432-21-5;  N-benzyloxycar-
bonyl-O-benzyl-L-tyrosine, 16677-29-5; S,S’-dibenzyloxytoceine
(hydrobromide), 17772-77-9.
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Thermolytic intermolecular cycloaddition reaction of 3,4-dihydro-6,7-dimethoxyisoquinoline (7) with 1-cyano-
cyclobutenes (5a and 5b) gave two stereoisomers 15, 17 and 20, 21, respectively. Isomer 15 was found to be con-
verted to the more stable trans isomer 17 by heating or keeping aside for a long time.

Recently we reported a novel synthesis of the protober-
berine salts (4) through the intramolecular thermal rear-
rangement of the 1-(benzocyclobutenyl)-3,4-dihydroiso-
quinolines (1), in which o-quinodimethanes (2) and 3!
were postulated to be the intermediates (Chart I). It was
thus of interest to examine the intermolecular condensa-
tion between the benzocyclobutenes (5) and the 3,4-dihy-
droisoquinoline (7),2 the former of which would generate
o-quinodimethane intermediates (6) thermally, thus lead-
ing to the formation of protoberberines (8 and/or 9)
(Chart II).

Thermolysis of an equimolar amount of 5a and 7 in bro-
mobenzene at 150-160° gave two compounds in 80.4%
total yield. Both products had the required composition
for the protoberberines 8a and 9a.

Each of the two stereoisomers could be dehydrogenated
with iodine in boiling ethanol® to give the same quater-
nary protoberberine iodide (10) which showed a deshield-
ed one-proton singlet due to the C-8 hydrogen at 9.47
ppm, in addition to the signals for a pair of coupled meth-
ylene protons, four methoxyl groups, and four singlet aro-

matic protons in the nmr spectrum. Treatment of the
quaternary protoberberine iodide (10) with sodium hy-
droxide provided a lactam (11) showing no C-8 proton in
the nmr spectrum (Chart III). These results unequivocally
allowed the assignment of a C-13 substituted structure 8a
toeach of the isomers.

Interestingly, the first compound was transformed into
the second one under the following conditions: (a) when
heated at 150-160° for 15 min without solvent or kept
aside at room temperature for 2 months and (b) when
treated by filtration through silica gel eluted with methy-
lene chloride. The reverse process could not be observed
under the same conditions, or even under more severe
conditions such as prolonged heating or heating at higher
temperature. When the thermolysis was carried out with-
out solvent, the second isomer was obtained in 88.0%
yield as a major product accompanied by a small amount
of the first isomer. These observations indicate that the
compounds are stereoisomeric and that the former could
be a kinetically formed product, while the latter could be
the more stable thermodynamically formed product. It



