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Active cster technique of organophosphorous reagents as
well as acid halide technique have been widely applied to
thc peptide coupling reactions with sieric bulkiness in
organic svnthesis. Commonly used coupling rcagents of
these types are shown in Figure 1.

Active csters of amino acids producced by rcacting with
organophosphorous reagents usually give high regiosclectiv-
ity toward nuclcophilic attack by amincs of other molecules
in peptide coupling reactions. Especially BOP-Cl is consid-
cred as a first-choice rcagent. giving high viclds with negli-
gible levels of racemization when N-alkylaied amino acids
arc rcacted with carbamate-protecicd amino acids undcr
carcfully controlled conditions.” Likewisc. the acid halide
mcthod is frequently recommended to achicyve coupling ol
acid-scnsitive prolecled amino acids Lo sterically hindered

-alkyl amino acids.™” Since acid chlorides arc cither (0o
sensitive to be 1solated or prong (o decompose upon storage.
acid fluondes oflen reccive much attention duc o their
rapid-acting property and shelf stability. The acid lNuoride is
gencrally more popular than the acid chloride unless
extremely hindered amine acid with arencsullony] protect-
ing group is cmploved.”

The develepment of convenient and cllicient methods (or
the tetal svothesis of 14-membered cyvclopeptide alkaloids
and cpimers has been an arca of locus in our laboralory. In
order Lo complete the svnthesis. we needed 1o practice a pep-
tide coupling reaction between pyrrolidine moicty as a parl
of macrocycle and sterically hindered dipeptide as side
chain. Difficulties in the coupling reaction drew our atten-
tion in seeking the best condition to succeed the synthesis by
prior investigation in depth

on its kind. Less expensive and readily available cvamuric
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Figure 1. Representative organophosphorous and  organohahde
reagents.

{luoride was the choice ol the organohalide rcagent over
TFFH to [ind out its compatibility with the well-known
organophosphorous rcagent. BOP-C1. in our svstem. Herein,
w¢ wish (o report our results on comparatise study of BOP-
Cl and cyanuric fluoride as carboxyl activators in peptide
coupling reactions ol scveral model cascs.

As shown in Table 1. coupling rcactions were performed
using BOP-Cl or cyanuric fluoride as the carboxyl activator
between various amino acids. [n method A. the correspond-
ing acid fluoride was prepared in an activated form with sto-
ichiometric amount of ¢cyvanuric fluoride in the presence of
pyridine." The cxcess coupling reagent as well as by-prod-
ucts were casily removed by washing the mixture with water
beeause ol weakly basic propertics of the triazine ring. The
resulting acid (luoride was isolated. and the crude matcerial
was subjected to further reaction with amino acid to produce
the desired peptide. [n method B. BOP-CI was uscd as the
peptide coupling rcagent in the presence of DIEA. The
mixcd carboxylic-phosphoric anhydride intcrmediate was
rcacled with amino acid to form the corresponding peptide.,

[t was lound that thc amino acid fluoride reacted much

Table 1. Coupling Reactions of Primary or Sccondary Amines
with Various Carboxyvlic Acids

Method A
PG-AF-OH + HCl‘H-Az-OMe PG-AA-OMe
Method B
Method A: (i) Cvanurie fluoride. pyr.. CTHLCla, | he (i) DIEA. CHRCla.

Method B: BOP-CL DIEA. CH:Cl..
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“"Aminao acid derivative or dipeptide tfragment. “The vields and reaction
conditioms are desenbed in Table 2.
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quicker and clcancr with the nucleophilic amino components
than the active cster of BOP-Cl as seen in the casc of entry 1.
Peptide coupling reaction between simple acid 1 and steri-
cally hindered sccondary amine 2 afforded the correspond-
ing dipeptide 3 in 83% (method A) or 74% vield (method
B). aficr silica-gel column chromatography. To our surprisc.
coupling rcaction with cyvanuric {luoride vier acid fluoride
was cxceptionally fast at very low temperature and purifica-
tien of the acid (Tuoride was not necessary. The optical rota-
tion valuc of compound 3 was obtaincd within crror range
by both methods.

Same trend was obsened when sterically hindered dipep-
tide acid 4 was coupled with simple amine S to [orm tripep-
tide 6 in cntry 2. Entry 2 gave lower yiclds than cotry 1 by
both methods. indicating that the stcric bulkiness of the acid
component has greater impact on reactivity than that of the
aminc component in peptide coupling reaction. The acid S is
onc of the side chains in ¢yclopeptide alkaloid. which con-
tains M-dimcthylated amine group showing antibiotic acliv-
ity against fungi and gram-positive bacteria. '

Formation ol a peplide bond between dipeptide acid 7 and
sccondary aminc 2 was quilc challenging and required very
carcful control of the reaction condition (cniry 3). The cfli-
ciecncy of cvanuric Nuoride was again demonstrated by
mamtaining the reaction temperature below -30 °C through-
out the operation’ (o minimizc the side reaction. When BOP-
Clwas cmploved as the coupling reagent. the reaction had Lo
be carricd cut at or below 0 °C 1o avoid the formation of
large quantitics of by-products. causing some starling malc-
rial 2 unrcacied. The vicld of tripcptide 8 using cvanuric
(luoride was higher (39%) than BOP-C1 (39%). The forma-
tion of diastcrcomeric nixturcs by partial racemivzation of
the carboxy] fragment at the termini during peplide coupling
rcactions could casily be monitored by cither HPTLC or
NMR (ecchmques. Thus HPLC analysis (o cvaluate the
occurrence of racemization was not nccessary 1 all expeti-
ments, Carcful silica-gel flash column chromatography was
sufTicicnt cnough 1o isolale the pure cnantiomer as the major
product in cach experiment.

Product viclds. optical rotation valucs and rcaction condi-
tions n peplide coupling reactions using cyanuric {luoride or
BOP-CI arc summarizcd in Table 2. These results showed
that the coupling rcaction was clearly dependent on the steric
lactor of the two substratcs. Morcover. the sieric huindrance
of the acid component plaved significant role when com-
parcd with that of the aminc in chemical reactivity. Overall,
usc of cvanuric Muoride as in method A required compara-
tively shorter reaction time and led (o lugher vicld (39-83%)
than BOP-CI as in mcthod B (39-74%). Formation of tracc
amounts of diastercomers were observed on HPTLC plates
in most experiments. but discarded. In fact. only n the casc
of entry 3. the minor diastercomer was isolated and purificd
by using mcthod A. Spcctral data analvsis confirmed the
structurc of the minor isomer by comparing it with that of
compound 8. Thus. our present study share the mformation
that whilc BOP-CI 15 widely used in peptide coupling reac-
tions. cvanuric fluoride gives great pronnise for sterically

Notes

Table 2. Efticiency of Cvanuric Fluonide and BOP-C1 in the
Formmation of Peptides 3, 6, and 8

Method A® Method B
Cpd Yield® | .. Time! Temp’ Yield | .. Time Temp
0/ [(JCJ 0 am s 0/ [().’J [R] . ‘o
(%6) (hy  (°C) (%) thy (°C)
3 83 +8.0 1 -78 74 +7.8 3 0
6 71 =034 1 { 39 =623 4 .

8 39 282 12 SW~-300 39 294 12 0

“Cvanuric tluoride as peptide coupling reagent. "BOP-Cl as peptide
coupling reagent. ‘Isolated vields based on starling amine components,
“Reaction time and temperature in coupling reaction of the nucleophilic
amine with acid fluoride.

hindered peptide coupling reactions.

[n conclusion. the acid fluoride obtained from cyanuric
Tuoride proved to be superior than active ¢ster formed by
BOP-CI for sterically hindered peptide coupling reactions,
Qur cxperimental results can be explained in part by the fol-
lowing two lactors. First. the steric ¢lfect in the union of the
acid [uoride [rom cyvanuric fluoride and the nucleophilic
aming¢ was minimized in order to facilitate the reaction. since
the size of the fluorine atom was much smaller than the BOP
group ol the mixed anhydride. In addition. the strong clec-
tron withdrawing character of the fluorine atom cnhanced
both the reactivity of the acid fluoride toward nuclcophiles
as well as the ability of the lcaving group.”'? Although pep-
tide coupling mcthods using BOP-Cl and the acid fluoride
from cyanuric luoride arc well-known. utilizing them in our
modcl sysicm was an urgent task in hoping for the comple-
tion of the synthesis of sterically hindered pyrrolidine-bear-
ing natural product. The application of cyanuric fluoride to
the peplide coupling reaction in cyclopeptide alkaloid syn-
thesis is currently undenway in our laboratory.

Experimental Scction

Mclting points were determined on Fisher-Johns melting
point apparatus and arc uncorrccted. Optical rolation was
determined on a Jasco DIP-140 Digital Polarimeter. BOP-CI
was purchascd from Aldrich Chemical Co.. cvanuric Muoride
from Fluka Chemical Co.. and H-lle-Leu-OH from Bachem
Chemical Co. Dichloromcthane and cthylacctate were dis-
tilled from calcium hydride. Merck silica-gel 60 (230-400
mgesh) was used for column chromatography. HPTLC was
performed on Merck silica-gel 60 Fasy plates. NMR specira
werce recorded on a Bruker DPX 230 FT NMR using a 'H or
"*C solvent peak as an inlcrnal reference. Peak assignmienis
were based on DEPT 135, 'H-'H COSY and 'H-"*C COSY
cxperiments. IR spectra were recorded on a Bio-Rad FTS
165 spectrometer (KBr powder). High-resolution mass spec-
tra (HRMS) were obtained on IMS-AX S05WA (IEOL) lor
chemical 1onization (CI) or clectron ionization (EI and
FABHRMS using the positive ion-mode with a se-nitroben-
7yl alcohol (NBA) as the matrix.

General procedure for the preparation of dipeptide 3.

Method A: To a stirred solution of acid 1 (033 g. 1.0
mmol) n dry CH-Cl- (5.0 mL) was added dry pyndine
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(0.084 mL. 1.0 mmol) under Ar atmosphere. Cyvanuric fluo-
ride (0.10 mL. 1.0 mmol) was added dropwise 1o the rcac-
tion mixture at -78 °C. Aficr 10 min. the tcmperature of the
reaction mixture was allowed to warm to -20°C. After stir-
ring for 1 h. the reaction mixture containing water-soluble
white precipitate was diluted with CH-Cl: and washed with
brinc. Aficr cvaporation of the solvent. the crude acid {luo-
ride was used further without purification. To a stirred solu-
tien of aminc 2 (0.13 g. 0.32 mmol) in dry CH:Cl; (2.6 mL)
at -78 °C was added N.N-diisopropylcthylamine (0.18 mL.
1.0-mmol) under Ar atmosphere. Aficr 10 min. a solution of
crude acid {luoride in drv CH:Cl; (2.6 mL) was added drop-
wise 1o the reaction mixture. Afler stirring for 1 h. the reac-
tion mixture was washed with brine and dricd over Na-SO..
Solvent was remoyed in vacuo and the residuc purificd by a
Nash column chromatography on silica-gel (#-hexanc : EIOAC.
3:1-535:2->2:1)10 give dipeptide 3 (0.24 g. 85%) as a
whitc foam. #7048 (n-hexanc : EIOAc. 1: 1): |&f~n +8.0 (¢
1.20. CHCly). 'H NMR (250 MHz. CDCl3) & -0.03 (6H. s.
CHa). 0.80 (9H. s. CHs). 1.40 (9H. s. CHs). 2.30 (2H. m.
CH:). 3.63 (1H.1../=89 Hz CH>). 3.77 (IH. m. CH»). 3.79
(3H. s. OCH3). 3.99 (2H. m. CH-). 4.64 (2H. m. CH). 4.86
(1H.d../=3.4 Hz. OCH). 5.24 (1H. d../= 8.4 Hz. NH). 6.98
(2H. d. ./ = 8.7 Hz. ph). 7.58 (2H. d. ./ = 8.6 Hz. ph). *C
NMR (63 MHz. CDCly) §-3.53. 18.19. 23.80. 28.27. 30.74.
43.39. 3291, 3320, 6433, 64.71. 78.31. 79.78. 105.13.
1388, 118.75. 13416, 135.00. 159.70. 169.26. 170.54:
HRMS (C[) [M-H'[]| m/z caled 348.2794 lor C~7H420O7N;Si.
found 348.2790: FTIR (KBr.cm™): 3313. 3103. 2953, 2857.
2227, 1908, 1733. 1632, 1250,

Mcthod B: To a stirred solution ol amine 2 (0.15 g. 0.5]
mmol) in dev CH:Cl- (2.5 mL) was added a solution ol acid
1 (0.20 g. 0.62 mmol) n dry CH-Cl> (2.5 mL) under Ar
atmosphcre. (then was cooled to 0 °C. N N-Diisopropylethyl-
amine (0.18 mL. 1.0 mmol) and BOP-Cl (0.16 g. 0.62
mmol) was added Lo (he reaction mixture, The slirring was
continued for 8 h at 0°C and the crude mixture was washed
with brine and dricd over Na-SO;. Afler evaporation of the
solvent. the residuc was purificd by {lash column chromato-
graphy on silica-gel (#-hexanc : EIOAC. 3: 1 -5 3:252: 1)
to give dipeptide 3 (0.21 g. 74%) as a whilc foam: |*'p
+7.8 (¢ 2.11. CHCl). Spcctral and analytical data arc ¢xactly
the same as scen in method A,

Preparation of tripeptide 6.

Mcthod A: Whiic solid. 71% vicld: Ry 048 (s-hexanc
E1QAc. 1:1): mp 178-179 °C: |et]*'p -63.4 (¢ 1.15. CHCL;):
"H NMR (230 MHz. CDCly) 6 0.90 (18H. m. CH3). 1.16 (H.
m. CH-). 1.39 (7H. m. CH+CH-). 1.78 (H. m. CH). 2.19 (6H.
s. NCH3). 2.53 (1H. d..J=3.5 Hz. CH). 3.68 (3H. s. OCH3).
4.50 (2H. m. CH). 6.67 (1H.d..J = 8.1 Hz. NH). 6.80 (JH. d.
J =87 Hz NH): *C NMR (63 MHz. CDCI;) § 12.00. 14.43.
21.65. 21,81, 22.78. 2291, 24.67. 26.93. 29.66. 34 41. 4041,
4123 43.06. 30.68. 3092, 3221, 7449 171.74. 172,01, 173.07.
HRMS (ED) |M]|™ m/z caled 399.3099 for C-;H; O3N;. found
399.3105: FTIR (KBr. cm™): 3290. 3070. 2961, 1751. 1639,
1546, 14534, 1369, 1249,

Mecthod B: 59% vicld: [ [7p -62.3 (¢ 1.36. CHCly).
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Spectral and analvtical data arc cxactly the same as scen in
method A.

Preparation of tripeptide 8.

Method A: White solid. 59% vicld: £y 0.34 (n-hexang
EtOAc. 1 : 1) |&*p -28.2 (¢ 1.40. CHCL3): '"H NMR (230
MHz. CDCl3) §0.84 (12H. m. CH;). 1.02 (H. m. CH:). 1.39
(H. m. CH:). 1.32 (2H. m. CH>). 1.63 (H. m. CH). 1.73 (H.
m. CH). 2.31 (2H. m. CH>). 3.76 (3H. s. OCH3). 3.80 (1H.
m. CH:). 398 (1H. m. CH>). 407 (1H. ../, = 138 Hz. J2 =
6.6 Hz. CH). 4.74 (1H. s. CH). 481 (H. m. CH). 4 90 (H. m.
CH). 5.04 2H. d..J = 4.6 Hz. OCH-). 544 (H. d../ =89 Hx.
NH). 6.81 (H. d../ =82 Hz. NH). 6.98 (2H. d. ./ = 8.4 Hx.
ph). 7.28 (3H. s. ph). 7.56 (2H. d.J = 8.6 Hz. ph): “C NMR
(63 MHz. CDCl3) 8 11.26. 15.28. 21.76. 23.12. 24 .45, 24.58.
30,62, 37.63. 41 45, 4472, 4857, 52.85. 59.27. 64.03. 66.78.
10496, 11592, 118.71. 127.81. 12794, 12834 134.24. 136.15.
136.03. 15951, 169.07. 171.01. 171.35: FABHRMS [M+H|'
m/z caled 607.3134 for Cy3HisN4O5. found 607.3121: FTIR
(KBr.cm™): 3299, 2961. 2226, 1724, 1645, 1249.

Mecthod B: 39% vicld: | ]*'p -29.4 (¢ 0.67. CHCL;). Spee-
tral and analytical data arc cxactly the same as scen in
mcthod A.
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