under the conditions X/, =1andl>7,>0, where fy is the molar fraction of the i-th secondary
14

structure, [e]ﬁXP is the experimental CD spectrum and [8]4; is the reference CD spectrum for
the i-th structure. The values of [0]1§%P and [8]4) were taken every 1 nm in the wavelength
range from 205 to 240 nm. The calculations were performed on a Hewlett-Packard 9830 A com-
puter.

CONCLUSION

1. The secondary structures of the reserve proteins from cotton seeds have been deter-
mined by the CD method.

2. It has been established that the conformations of the main globulin components of
cotton seeds change according to the conditions of their storage.

3. It has been shown that the secondary structure of the 11S globulin differs for seeds
from the cotton plant varieties Tashkent 1 and 108-F.
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ACTIVATION OF A CARBOXY GROUP BY DIALKYL PYROCARBONATES.
SYNTHESIS OF SYMMETRICAIL ANHYDRIDES AND ARYL ESTERS OF N-PROTECTED
AMINO ACIDS USING DI-tert-BUTYL PYROCARBONATE AS CONDENSING REAGENT

V. F. Pozdnev and M. Yu. Chernaya UDC 547.466.493

Tt has been shown that di-tert-butyl pyrocarbonate can be used as a condensing
reagent in the production of anhydrides and some aryl esters of carboxylic acids,
The synthesis of anhydrides and of phenyl, p-nitrophenyl, B-naphthyl, and quino-
1in-8-yl esters of N-protected amino acids is described.

Di-tert-butyl pyrocarbonate (DBPC) which we have proposed as a reagent for the intro-
duction of the tert-butoxycarbonyl (BOC) amino-protective grouping into amino acids [1, 2]
has recently found wide use not only for obtaining N-BOC derivatives of amino acids [3, 4]
but also for the tert-butoxycarbonylation of compounds of various classes. DBPC compara-
tively readily acylates hydrazides [5, 6] and, in the presence of alkali, the mercapto group
of cysteine [2] and the phenolic hydroxyl of tyrosine [7].
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During further investigations of the chemical properties of DBPC we have observed that
in aprotic solvents (benzene, ethyl acetate) and in the presence of pyridine at the ordinary
temperature (10-20°C), DBPC is capable of reacting with carboxylic acids. In this process,
CO, is liberated and mixed anhydrides of the carboxylic acids and of tert-butyl carbonate
are formed. Anhydrides of this type have been obtained previously by a transacylation reac-
tion from mixed anhydrides of aromatic acids and tert-butyl carbonate [8]. However, it is
impossible to obtain the mixed anhydrides in the individual state from DBPC, since, as they
accumulate in the reaction mixture, they react with the initial acid with the formation of
symmetrical anhydrides. At an equimolar ratio of the initial reactants, a mixture of anhy-
drides is formed (according to TLC). The spots of the anhydrides were identified by compari-
son with samples obtained by indirect syntheses and by staining specific reagents (see the
Experimental part). If, however, the acid and the DBPC are taken in a ratio of 2:1, the
symmetrical anhydrides of the carboxylic acids remain the main reaction product and can be
isolated in high yields. Under these conditions, the DBPC is converted completely into CO»
and tert-butanol which is inert under the reaction conditions and does not interfere with the
formation and isolation of the anhydrides.

RCO,H. Py -+ (t-BuGCO),0-[RCO—-0-COOBu-1] 4 t-BuCH + CO,

lRCOJLPy
(RCO),0 +t-BuOH + CO,

The fundamental role of pyridine in the process of forming anhydrides of acids with the
aid of DBPC must be mentioned. Its replacement by triethylamine or N-methylmorpholine proved
to be ineffective. In this case, the pyridine is obviously not merely a base but also a
catalyst [9], not being neutralized or consumed in the reaction, so that it can be added in
an amount less than the stoichiometric amount. By using DBPC it is possible to obtain both
anhydrides of monofunctional acids (cinnamic anhydride is obtained with a yield of 93%) and
also anhydrides of N-acylated amino acids (for example, the anhydride of BOC-L-aspartic acid;
yield 75%). Other examples are given in Experimental part.

The possibility of using DBPC as a condensing agent is not limited to the synthesis of
anhydrides. It has been found that if phenols which, under the given conditioms, do not re-
act with DBPC or react with it more slowly than with the acid are added to a mixture of an
acid and DBPC in the presence of pyridine, the acylation of the phenol by the carboxylic
acid takes place. We do not yet have definite information concerning the routes and mecha-
nism of this reaction. The acylation of phenols may either be performed by the mixed anhy-
dride or it may proceed through a stage of the formation of symmetrical anhydrides. In the
preparative respect, the method of obtaining certain aryl esters of N-protected amino acids
using the DBPC-pyridine system has shown good results. The synthesis can be performed by
mixing all the starting materials directly. In addition to carboxylic acid, under these
conditions aryl tert-~butyl carbonates are formed as impurities, and their amount rises with
an increase in the acidity of the phenols. However, in the preparation of phenyl, naphthyl,
or quinolin-8-yl esters the amounts of carbonates produced as impurities are small (1-5%)
and the yields of esters in individual cases are greater than 90%. In the preparation of
p-nitrophenyl esters of N-protected amino acids, more carbonate is formed and it frequently
interferes with the crystallization of the ester. The amount of carbonate can be diminished
if the nitrophenol is added to the reaction mixture not at once but in small portiomns. In
this case, nitrophenyl esters can be obtained with yields of up to 80%.

As follows from a consideration of the results presented in Table 1, the yields of es-
ters of phenols are, in the majority of cases, comparable with the yields obtained by using
other condensing reagents. The physiochemical characteristics of the products obtained also
agree well with those published in the literature. In the preparative respect, the use of
DBPC for the synthesis of aryl esters is particularly convenient in those cases where the
esters crystallize from the reaction mixture in the process of formation. Since in this case
no sparingly soluble byproducts whatever (as, for example, dicyclohexylurea from dicyclo-
hexylcarbodiimide) are formed, isolation of the esters is substantially simplified.

EXPERIMENTAL

We used N-protected amino acids from Reanal (Hungary). DBPC was obtained from sodium
tert-butyl carbonate and trichloroacetyl chloride [10]. The compositions of the reaction
mixtures, the processes of isolation and purification, and the individualities of the com-
pounds obtained were checked by thin-layer chromatography on Silufol UV-254 plates. The
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TABLE 1

Literature figures

) i
Yield of ;
!yield, o ; mp, ‘C ! [ “ﬁ?' deg

ester 2o

. [ '
Initial acid ! mp, °C ! [ o] deg
1 |

,Ph'enyl esters of N* -protected L-(amino acids) (¢ 1; GpH;OH)

Z-1a | 8% 93—05 —40,2 85 | Qi —48,2 [15)
7-Gly i 58 3—67 l a8 67-- 63 [15]

85 §6—-87 | —30,1 a1 st Po—27 N
Hoe-Met G2 7 | —45.1 56 74 bo—43 18]
Boc-Pro 54 60—61 ‘ —£4.8 83 63 | —65  [1€]
Boc-Tip T4 jIB0—151 7  —13,3 96 1133 | —11.6 {if]

p-Nitrophenyl esters of N® -protected L-(amino acids) (¢ 1; DMF)

7P 0| 9091 —67,7 65 9496 | —68 2 [18)
£-Val 82 | 62—63 — 24,5 60 6264 -2 {19]
Boc-Ala 6018283 —52.3 80 23 l 52,5 [20]
Boc-Gvs (Bzl) | 65 i 9493 —40 3 8! 85 -05 | - 3705 {21]
Hoe-Gly 63 1 B3-64 77T 608 l {en
Boc-Leu | 85 [92-93 —48.2 €5 {94-Ca | —48 21}

spots were detected on the plates visually under a UV lamp or, in the case of the BOC deriva-
tives of amino acids and their esters and anhydrides, they were detected by spraying with a
5% solution of ninhydrin in a mixture of n-butanol and formic acid (9:1) followed by heating
at ~100°C; the spots of anhydrides were detected by spraying the plates with a 0.5 M solution
of NH,OH in methanol, heating at 50°C, and then spraying with an acidified solution of FeCl,-
6H,0 in methanol. Compounds with a tert-butoxy group were identified by spraying the plates
with a solution of mercury sulfate in dilute sulfuric acid (Dengés' reagent) followed by
heating at 60-70°C (yellow spots). Benzyloxycarbonyl derivatives of amino acids were detect-
ed by spraying with a 1 M solution of hydrobromic acid in acetic acid, heating at 100°C,

and then spraying with a solution of ninhydrin in n-butanol. For the nonspecific detection
of amino compounds we used the o-tolidine reagent after chlorination. Below we give the Rg¢
values in the following solvent mixtures: 1) cyclohexane—ethyl acetate (3:1) and 2) benzene—
methyl ethyl ketone (4:1). Angles of optical rotation were determined on a Perkin-Elmer 241
polarimeter (Sweden). The melting points of the substances were determined in open capillar-
ies in an instrument with electrical heating and are uncorrected.

In the standard working up of the reaction mixtures, solutions in ethyl acetate were
washed with water, with 5% KHCOs, with water, with 5% H,SO, solution, with water, and with
saturated NaCl solution and were dried with Na,SO, and evaporated in a rotary evaporator at
40°C.

The final products were dried in vacuum over P,0s and KOH at room temperature for 16-
20 h.

Cinnamic Anhydride. A solution of 1.5 g of cinnamic acid, 1.3 ml of DBPC, and 0.4 ml of
pyridine in 10 ml of ethyl acetate was stirred for 7 h and was then concentrated in vacuum to
incipient crystallization; the residue was diluted with ether (“20 ml) and kept in the re-
frigerator and the resulting precipitate was filtered off and washed with cooled ether; after
drying it amounted to 1.3 g (93%) of cinnamic anhydride with mp 136-137°C. Rf, 0.43.

Anhydride of N-tert-butoxycarbonyl-L-aspartic Acid. A solution of 0.93 g of BOC-aspar-
tic acid, 1.0 ml of DBPC, and 0.2 ml of pyridine in 5 ml of ethyl acetate was stirred for
5 h and was then diluted to 25 ml with ethyl acetate, washed with 5% H,SO,, with water, and
with saturated NaCl solution, dried with Na,S0,, and evaporated. The residue was crystal-
lized from a mixture of acetone, ether, and hexane to give 0.65 g (75%) of the anhydride of
BOC-L-aspartic acid with mp 133-134°C, [a]f® — 39.0° (c 1; CHsCOOH) [12].

Anhydride of N-Benzyloxycarbonyl-L-—phenylalanine. A solution of 1.0 g of benzyloxy-
carbonyl-L-phenylalanine, 0.5 ml of DBPC, and 0.2 ml of pyridine in 10 ml of benzene was
stirred for 16 h and was then diluted with hexane to 25 ml and was kept in the refrigerator
until crystallizationhad ended. The precipitate was filtered off, washed with cooled hexane,
and dried. This gave 0.6 g (607%) of the anhydride of benzyloxycarbonyl-L-phenylalanine with
mp 139-140°C, [a]ﬁ° + 29.5° (c 1; CHCl;) {13, 14].
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Anhydride of N-Benzyloxycarbonyl-L-valine, This was obtained in a similar manner to
the preceding example. Yield 73%, mp 99-101°C, [@]3° + 19.5° (c 1; CHCls) [14].

Phenyl Ester of N-Benzyloxycarbonyl-L-phenylalanine. A solution of 1.5 g of benzyloxy-
carbonyl-L-phenylalanine, 0.6 g of phenol, 1.5 ml of DBPC, and 0.5 ml of pyridine in 10 ml
of benzene was stirred for 3 h and was left for 12 h, during which time a crystalline pre-
cipitate formed. The mixture was diluted with 15 ml of petroleum ether, and the precipitate
was filtered off, washed with cooled hexane, and dried to give 1.8 g (96%) of the phenyl
ester of benzyloxycarbonyl-L-phenylalanine with mp 107-107.5°C, [a]ﬁ° —18° {c 1; C,Hs0H)
[15]. 1In a repeat experiment, the yield of product was 88%, mp 108-109°C.

Diphenyl Ester of N,N'-Di-tert-butoxycarbonyl-L-cystine. A solution of 2.2 g of N,N'-
di-BOC-L~-cystine, 3.0 ml of DBPC, 1.2 g of phenol, and 0.5 ml of pyridine was stirred for
5 h and was left for 12 h. Then it was diluted with ethyl acetate to 30 ml, and after the
standard working-up procedure, the residue was crystallized from a mixture of ether and hex-
ane. This gave 2.4 g (81%) of the diphenyl ester of di-BOC-L-cystine with mp 157-158°C,
[«]p® — 103° (c 15 C,HsOH). RE'®°. Found, Z: C 56.5; H 6.3; N 5.0. CpeHseN2045,. Calcu-
lated, %: C 56.7; H 6.1; N 4.7.

Other phenyl ethers of N-protected amino acids were obtained similarly, and the results
are given in Table 1.

B-Naphthyl Ester of N-tert-Butoxycarbonyl-L-phenylalanine. A solution of 1.3 g of BOC-
L-phenylalanine, 0.7 g of B-naphthol, 1.5 ml of DBPC, and 0.3 ml of pyridine in 10 ml of
benzene was stirred for 4 h, and then 0.2 g of B-naphthol was added and the mixture was left
for 12 h. After this, it was diluted with ethyl acetate to 30 ml and worked up by the sec~
ond procedure to give a residue which was crystallized from cyclohexane. This gave 1.9 g
(97%) of product with mp 106-110°C. After recrystallization from a mixture of ether and
hexane the yield was 1.6 g (82%), mp 117-118°C, [a]ﬁ° — 14.7° (c 1; DMF). Rgf, 0.52. Found,
Z: C 73.3; H 6.5; N 3.7. Cz,H,sNO,. Calculated, %: C 73.6; H 6.4; N 3.6.

Quinolin-8~yl Ester of N-Benzyloxycarbonyl-L-alanine. A solution of 2.24 g of benzyl-
oxycarbonyl-L-alanine, 1.7 g of 8-hydroxyquinoline, 2.3 ml of DBPC, and 0.4 ml of pyridine
in 15 ml of ethyl acetate was stirred for 16 h, and diluted with ethyl acetate to 30 ml, and,
after the standard working up procedure, the residue was crystallized from a mixture of di-
ethyl ether and petroleum ether. After drying, 2.8 g (80%) of the quinolin~8-yl ester of
benzyloxycarbonyl-L-alanine was obtained with mp 99-100°C, [alf® — 68° (c 1; DMF). R¢, 0.60
[171.

Quinolin-8-yl Ester of N-Benzyloxycarbonyl-L-phenylalanine. A solution of 3.0 g of
benzyloxycarbonyl-L-phenylalanine, 1.5 g of 8-hydroxyquinoline, 2.3 ml of DBPC, and 0.5 ml
of pyridine in 15 ml of benzene was stirred for 7 h. A crystalline precipitate formed. The
mixture was diluted with 20 ml of petroleum ether, and the precipitate was filtered off,
washed with a mixture of ether and hexane, and dried to give 3.6 g (84%) of a product with
mp 141-142°C, [a]ﬁ° — 69.7 (¢ 1; DMF). The filtrate was evaporated in vacuum and the residue
was crystallized to give another 0.4 g of the quinolin-8-yl ester of benzyloxycarbonyl-L~
phenylalanine with mp 140-141°C. The total yield was 93%. Re, 0.62 {171.

Quinolin-8-yl Ester of N,0-Di—-tert-butoxycarbonyltyrosine. A solution of N,0-di-BOC-L-
tyrosine, 0.8 g of 8-hydroxyquinoline, 1.5 ml of DBPC, and 0.4 ml of pyridine in 10 ml of
benzene was stirred for 12 h and was then diluted with 20 ml of ethyl acetate and, after the
standard working-up procedure, the residue was crystallized from a mixture of diethyl ether
and petroleum ether. This gave 1.8 g (71%) of the quinolin-8-yl ester of N,0-di-BOC-L-tyro-
sine with mp 102-103°C, [a]ﬁ° — 3.13 (c 1; DMF). Rg, 0.72. Found, Z: C 60.9; H 6.5; N 5.4,
C2eH3,N20,. Calculated, %Z: C 61.2; H 6.3; N 5.5.

Quinolin-8-yl Ester of N~tert-Butoxycarbonyl-~D-tryptophan., A solution of 1.5 g of BOC-
D-tryptophan, 0.8 g of 8-hydroxyquinoline, 1.3 ml of DBPC, and 0.5 ml of pyridine in 20 ml
of benzene was stirred for 16 h, whereupon a precipitate formed. The mixture was diluted
with ether, and the precipitate was filtered off, washed with ether, and dried to give 2.0 g
(92%) of the desired product, with mp 186-187°C, [a]B® + 65.8° (c 1; DMF). R¢, 0.25. Found,
%Z: C 69.63 H 5.9; N 9.6. CasHyz¢N30,. Calculated, %: C 69.4; H 6.0; N 9.7.

P-Nitrophenyl Ester of N-Benzyloxycarbonyl-L-phenylalanine. A solution of 3.0 g of
benzyloxycarbonyl-L-phenylalanine, 1.5 g of p-nitrophenol, 2.3 ml of DBPC, and 0.4 ml of
pyridine in 15 ml of benzene was stirred for 5 h, and then another 0.5 g of p-nitrophenol
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and 0.5 ml of DBPC were added and the mixture was left for 12 h, whereupon a crystalline
precipitate formed. After dilution with petroleum ether, the precipitate was filtered off,
and it was washed with a mixture of ether and hexane and was dried to give 3.4 g (81%) of
the p-—nitrophenyl ester of benzyloxycarbonyl-L-phenylalanine with mp 123-124°C, [a]ﬁo — 24.9°
(c 1; DMF).

p-Nitrophenyl Ester of N-tert-Butoxycarbonyl-O-tert-butyl-L-tyrosine. A solution of
1.9 g of N-BOC~O-tert-~butyl-L~tyrosine, 1.7 ml of DBPC, and 0.4 ml of pyridine in 10 ml of
ethyl acetate was added dropwise over 45 min, and the mixture was stirred for 4 h and was
left for12 h, Then it was diluted with ethyl acetate to 30 ml and, after the standard work-
ing-up procedure and crystallization of the residue from a mixture of diethyl ether and
petroleum ether, 1.9 g (81%) of the p-nitrophenyl ester of N-BOC~O-tert-butyl-L-tyrosine was
obtained with mp 138-139°C, [a] — 2.8° (¢ 1; DMF), Rf 0.33. Found, 7%: C 63.0; H 6.4;
N 5.9. C24H30N207- Calculated %: C 62. 8 H 6. 6 N 6.1

Other p-nitrophenyl esters of N-protected amino acids were obtained similarly, and the
results are given in Table 1.

CONCLUSION

It has been shown that di-tert-butyl pyrocarbonate can be used as a condensing reagent
in the preparation of the anhydrides and some aryl esters of carboxylic acids.
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