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Active ester technique of organophosphorous reagents dlsioride was the choice of the organohalide reagent over
well as acid halide technique have been widely applied tdFFH to find out its compatibility with the well-known
the peptide coupling reactions with steric bulkiness inorganophosphorous reagent, BOP-CI, in our system. Herein,
organic synthesis. Commonly used coupling reagents ofve wish to report our results on comparative study of BOP-
these types are shown in Figuré 1. Cl and cyanuric fluoride as carboxyl activators in peptide

Active esters of amino acids produced by reacting withcoupling reactions of several model cases.
organophosphorous reagents usually give high regioselectiv- As shown in Table 1, coupling reactions were performed
ity toward nucleophilic attack by amines of other moleculesusing BOP-CI or cyanuric fluoride as the carboxyl activator
in peptide coupling reactions. Especially BOP-CI is consid-between various amino acids. In method A, the correspond-
ered as a first-choice reagent, giving high yields with negliing acid fluoride was prepared in an activated form with sto-
gible levels of racemization whe¥alkylated amino acids ichiometric amount of cyanuric fluoride in the presence of
are reacted with carbamate-protected amino acids und@yridine!! The excess coupling reagent as well as by-prod-
carefully controlled conditions.Likewise, the acid halide ucts were easily removed by washing the mixture with water
method is frequently recommended to achieve coupling obecause of weakly basic propertéghe triazine ring. The
acid-sensitive protected amino acids to sterically hinderedesulting acid fluoride was isolated, and the crude material
N-alkyl amino acidS:” Since acid chlorides are either too was subjected to further reaction with amino acid to produce
sensitive to be isolated or prone to decompose upon storaglge desired peptide. In method B, BOP-CI was used as the
acid fluorides often receive much attention due to theirpeptide coupling reagent in the presence of DIERAe
rapid-acting property and shelf stability. The acid fluoride ismixed carboxylic-phosphoric anhydride intermediate was
generally more popular than the acid chloride unlesseacted with amino acid to form the corresponding peptide.
extremely hindered amino acid with arenesulfonyl protect- It was found that the amino acid fluoride reacted much
ing group is employed.

The development of convenient and efficient methods fofraple 1. Coupling Reactions of Primary or Secondary Amines
the total synthesis of 14-membered cyclopeptide alkaloidsvith Various Carboxylic Acids

and epimers has been an area of focus in our laboratory. '~ " Method A
order to complete the synthesis, we needed to practice ape ~ FPE#ArOH + HOI'HAzOMe or > PGAArOMe

i . . T . Method B
tide coupling reaction between pyrrolidine moiety as a par, .« od A: (i) Cyanuric fluoride, pyr.. Gil, 1 h: (i) DIEA, CHCh.

of macrocycle and sterically hindered dipeptide as sidQgeihod B: BOP-CI. DIEA, CEC.
chain. Difficulties in the coupling reaction drew our atten-
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Figure 1. Representative organophosphorous and organohalid&mino acid derivative or dipeptide fragmefithe yields and reaction
reagents. conditions are described in Table 2.
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quicker and cleaner with the nucleophilic amino componentJable 2 Efficiency of Cyanuric Fluoride and BOP-CI in the
than the active ester of BOP-CI as seen in the case of entry Aormation of Peptide3, 6, and8

Peptid(_a coupling reaction beMeen simple dcihd steri- Method 24 Method B

f:ally _hlndgred gecondary amileafforded the _correspond— cpd Vield® ime® Temp  Yield® Time Temp
ing dipeptide3 in 85% (method A) or 74% yield (method %) t)  CC) %) ®)  CC)

B), after silica-gel column chromatography. To our surprise;

coupling reaction with cyanuric fluorideéia acid fluoride 85 80 1 -8 4 +18 8 0
was exceptionally fast at very low temperature and purifica- 71654 1 0 59 623 4
tion of the acid fluoride was not necessary. The optical rota- 8 5 282 12 -78--30 39 -294 12 0

tion value of compoun@ was obtained within error range °Cyanuric fluoride as peptide coupling reagelOP-Cl as peptide
by both methods coupling reagenfisolated yields based on starting amine components.

. . . %Reaction time and temperature in coupling reaction of the nucleophilic
Same trend was observed when sterically hindered dipepmine with acid fluoride.

tide acid4 was coupled with simple amieto form tripep-
tide 6 in entry 2. Entry 2 gave lower yields than entry 1 byhindered peptide coupling reactions.
both methods, indicating that the steric bulkiness of the acid In conclusion, the acid fluoride obtained from cyanuric
component has greater impact on reactivity than that of thBuoride proved to be superior than active ester formed by
amine component in peptide coupling reaction. Them@d BOP-CI for sterically hindered peptide coupling reactions.
one of the side chains in cyclopeptide alkaloid, which con-Our experimental results can be explained in part by the fol-
tainsN-dimethylated amino group showing antibiotic activ- lowing two factors. First, the steric effect in the union of the
ity against fungi and gram-positive bactéfia. acid fluoride from cyanuric fluoride and the nucleophilic
Formation of a peptide bond between dipeptide deidd  amine was minimized in order to facilitate the reaction, since
secondary amin2 was quite challenging and required very the size of the fluorine atom was much smaller than the BOP
careful control of the reaction condition (entry 3). The effi- group of the mixed anhydride. In addition, the strong elec-
ciency of cyanuric fluoride was again demonstrated bytron withdrawing character of the fluorine atom enhanced
maintaining the reaction temperature below®3Ghrough-  both the reactivity of the acid fluoride toward nucleophiles
out the operatiotto minimize the side reaction. When BOP- as well as the ability of the leaving grot#3. Although pep-
Cl was employed as the coupling reagent, the reaction had t@e coupling methods using BOP-CI and the acid fluoride
be carried out at or below @ to avoid the formation of from cyanuric fluoride are well-known, utilizing them in our
large quantities of by-products, causing some starting matenodel system was an urgent task in hoping for the comple-
rial 2 unreacted. The yield of tripeptid using cyanuric  tion of the synthesis of sterically hindered pyrrolidine-bear-
fluoride was higher (59%) than BOP-CI (39%). The forma-ing natural product. The application of cyanuric fluoride to
tion of diastereomeric mixtures by partial racemization ofthe peptide coupling reaction in cyclopeptide alkaloid syn-
the carboxyl fragment at the termini during peptide couplingthesis is currently underway in our laboratory.
reactions could easily be monitored by either HPTLC or
NMR techniques. Thus HPLC analysis to evaluate the Experimental Section
occurrence of racemization was not necessary in all experi-
ments. Careful silica-gel flash column chromatography was Melting points were determined on Fisher-Johns melting
sufficient enough to isolate the pure enantiomer as the majgoint apparatus and are uncorrected. Optical rotation was
product in each experiment. determined on a Jasco DIP-140 Digital Polarimeter. BOP-CI
Product yields, optical rotation values and reaction condiwas purchased from Aldrich Chemical Co., cyanuric fluoride
tions in peptide coupling reactions using cyanuric fluoride orfrom Fluka Chemical Co., and H-lle-Leu-OH from Bachem
BOP-CI are summarized in Table 2. These results showe@hemical Co. Dichloromethane and ethylacetate were dis-
that the coupling reaction was clearly dependent on the stertdled from calcium hydride. Merck silica-gel 60 (230-400
factor of the two substrates. Moreover, the steric hindrancenesh) was used for colunairomatography. HPTLC was
of the acid component played significant role when com-performed on Merck silica-gel 6Q4z plates. NMR spectra
pared with that of the amine in chemical reactivity. Overall,were recorded on a Bruker DPX 250 FT NMR usirttl @r
use of cyanuric fluoride as in method A required compara?3C solvent peak as an internal reference. Peak assignments
tively shorter reaction time and led to higher yield (59-85%)were based on DEPT 13%J-'H COSY and'H-*C COSY
than BOP-CI as in method B (39-74%). Formation of traceexperiments. IR spectra were recorded on a Bio-Rad FTS
amounts of diastereomers were observed on HPTLC platels5 spectrometer (KBr powder). High-resolution mass spec-
in most experiments, but discarded. In fact, only in the casea (HRMS) were obtained on JMS-AX 505WA (JEOL) for
of entry 3, the minor diastereomer was isolated and purifieg¢hemical ionization (Cl) or electron ionization (El) and
by using method A. Spectral data analysis confirmed th&ABHRMS using the positive ion-mode withnanitroben-
structure of the minor isomer by comparing it with that of zyl alcohol (NBA) as the matrix.
compound8. Thus, our present study share the information General procedure for the preparation of dipeptide 3
that while BOP-CI is widely used in peptide coupling reac- Method A: To a stirred solution of acid (0.33 g, 1.0
tions, cyanuric fluoride gives great promise for stericallymmol) in dry CHCI, (5.0 mL) was added dry pyridine

[G] 25D T [G] 25D




Notes Bull. Korean Chem. S@©90Q Vol. 21, No.9 945

(0.084 mL, 1.0 mmol) under Ar atmosphere. Cyanuric fluo-Spectral and analytical data are exactly the same as seen in
ride (0.10 mL, 1.0 mmol) was added dropwise to the reacmethod A.

tion mixture at -78C. After 10 min, the temperature of the  Preparation of tripeptide 8.

reaction mixture was allowed to warm to 20 After stir- Method A: White solid, 59% yieldR 0.34 @-hexane :

ring for 1 h, the reaction mixture containing water-solubleEtOAc, 1 :1); p]*s -28.2 € 1.40, CHCJ); *H NMR (250
white precipitate was diluted with GBI, and washed with  MHz, CDCE) §0.84 (12H, m, Ck), 1.02 (H, m, Ch), 1.39
brine. After evaporation of the solvent, the crude acid fluo-(H, m, CH), 1.52 (2H, m, CH), 1.63 (H, m, CH), 1.73 (H,

ride was used further without purification. To a stirred solu-m, CH), 2.31 (2H, m, C}), 3.76 (3H, s, OCEJ, 3.80 (1H,

tion of amine2 (0.15 g, 0.52 mmol) in dry Gi&l, (2.6 mL)  m, CH,), 3.98 (1H, m, Ch), 4.07 (1H, 9, = 13.8 Hz,J, =

at -78°C was addedN,N-diisopropylethylamine (0.18 mL, 6.6 Hz, CH), 4.74 (1H, s, CH), 4.81 (H, m, CH), 4.90 (H, m,
1.0 mmol) under Ar atmosphere. After 10 min, a solution ofCH), 5.04 (2H, dJ = 4.6 Hz, OCHJ), 5.44 (H, d,JJ= 8.9 Hz,
crude acid fluoride in dry Ci€l, (2.6 mL) was added drop- NH), 6.81 (H, dJ = 8.2 Hz, NH), 6.98 (2H, dl = 8.4 Hz,

wise to the reaction mixture. After stirring for 1 h, the reac-ph), 7.28 (5H, s, ph), 7.56 (2H, 3l 8.6 Hz, ph)*C NMR

tion mixture was washed with brine and dried overS@a. (63 MHz, CDC}) 011.26, 15.28, 21.76, 23.12, 24.45, 24.58,
Solvent was removed in vacuo and the residue purified by 80.62, 37.63, 41.45, 44.72, 48.57, 52.85, 59.27, 64.03, 66.78,
flash column chromatography on silica-gehgexane : EtOAc, 104.96, 115.92, 118.71, 127.81, 127.94, 128.34, 134.24, 136.15,
3:1-5:2- 2:1)to give dipeptid® (0.24 g, 85%) as a 156.03, 159.51, 169.07, 171.01, 171.35; FABHRMS [M+H]
white foam.R; 0.48 f-hexane : EtOAc, 1: 1)d]*> +8.0 ¢  m/z calcd 607.3134 for &H43N4O7, found 607.3121; FTIR
1.20, CHC}); 'H NMR (250 MHz, CDCJ) §-0.03 (6H, s,  (KBr, cmiY): 3299, 2961, 2226, 1724, 1645, 1249.

CHs), 0.80 (9H, s, Ch), 1.40 (9H, s, Ch), 2.30 (2H, m, Method B: 39% yield; p]* -29.4 € 0.67, CHCJ). Spec-
CHy), 3.63 (1H, tJ=8.9 Hz, CH), 3.77 (1H, m, CH), 3.79  tral and analytical data are exactly the same as seen in
(3H, s, OCH), 3.99 (2H, m, Ch), 4.64 (2H, m, CH), 4.86 method A.

(1H, d,J=3.4 Hz, OCH), 5.24 (1H, d,= 8.4 Hz, NH), 6.98 Acknowledgment Financial supports from KOSEF (961-
(2H, d,J = 8.7 Hz, ph), 7.58 (2H, d = 8.6 Hz, ph)®*C  0302-018-2), the MOST through the women’s university
NMR (63 MHz, CDC}) §-5.53, 18.19, 25.80, 28.27, 30.74, research fund, and the Brain Korea 21 Project are gratefully

45.39, 52.91, 53.20, 64.33, 64.71, 78.31, 79.78, 105.13cknowledged.

115.88, 118.75, 134.16, 155.00, 159.70, 169.26, 170.54;
HRMS (CI) [M+H]* m/z calcd 548.2794 for £H4,0;NsSi,
found 548.2790; FTIR (KBr, cit): 3313, 3103, 2955, 2857,
2227, 1908, 1753, 1652, 1250.

Method B: To a stirred solution of amir2(0.15 g, 0.51
mmol) in dry CHCI, (2.5 mL) was added a solution of acid
1 (0.20 g, 0.62 mmol) in dry Gi€l, (2.5 mL) under Ar
atmosphere, then was cooled tCON,N-Diisopropylethyl-
amine (0.18 mL, 1.0 mmol) and BOP-CI (0.16 g, 0.62
mmol) was added to the reaction mixture. The stirring was
continued for 8 h at @ and the crude mixture was washed
with brine and dried over N8Q,. After evaporation of the
solvent, the residue was purified by flash column chromato-
graphy on silica-gelnthexane : EtOAc, 3: L. 5:2-2:1) 3
to give dipeptide3 (0.21 g, 74%) as a white foamy]f%
+7.8 € 2.11, CHCJ). Spectral and analytical data are exactly
the same as seen in method A.

Preparation of tripeptide 6.

Method A: White solid, 71% yieldR: 0.48 fr-hexane : 4.

EtOAc, 1:1); mp 178-17¢C; [a]® -65.4 € 1.15, CHCY);
IH NMR (250 MHz, CDCJ) 50.90 (18H, m, Ch), 1.16 (H,

m, CHp), 1.59 (7H, m, CH+CH), 1.78 (H, m, CH), 2.19 (6H, 5
6.

s, NCH), 2.53 (1H, dJ = 5.5 Hz, CH), 3.68 (3H, s, OGH

4.50 (2H, m, CH), 6.67 (1H, d,= 8.1 Hz, NH), 6.80 (1H, d,
J=8.7 Hz, NH)®*C NMR (63 MHz, CDCJ) 612.00, 14.43,
21.65, 21.81, 22.78, 22.91, 24.67, 26.93, 29.66, 34.41, 40.41,

41.23, 43.06, 50.68, 50.92, 52.21, 74.49, 171.74,172.01, 173.07;

HRMS (EI) [M]* m/z calcd 399.3099 for&Hs.0:Ns, found
399.3105; FTIR (KBr, crit): 3290, 3070, 2961, 1751, 1639,
1546, 1454, 1369, 1249.

Method B: 59% vyield; r 1*> -62.3 € 1.36, CHCJ).

References

1. Abbreviations used are: BOP, benzotriazol-1-yloxytris(di-

methylamino) phosphonium hexafluorophosphate; BOP-
Cl, N,N-bis(2-oxo-3-oxazolidinyl) phosphinic chloride; BTC,
bis(trichloromethyl) carbonate; DPPA, diphenyl phospho-
ryl azide; TFFH, tetramethylfluoroformamidinium hexa-
fluoro phosphate; Bodert-butyloxycarbonyl; TBDMS,
tert-butyldimethylsilyl;  Z, benzyloxycarbonyl; DIEA,
N,N-diisopropylethylamine.

2. (a) Ramanjulu, J. M.; Ding, X.; Joullié, M. M.; Li, W.-R.

J. Org. Chem1997 62, 4961. (b) Castro, B.; Dormoy, J.
R.; Evin, G.; Selve, Cletrahedron Lett1975 1219.

. (a) Brady, S. F.; Freidinger, R. M.; Paleveda, W. J.; Col-

ton, C. D.; Homnick, C. F.; Whitter, W. L.; Curley, P,
Nutt, R. F.; Veber, D. K. Org. Chem1987, 52, 764. (b)
Shioiri, T.; Ninomiya, K.; Yamada, 9. Am. Chem. Soc.
1972 94, 6203.

(a) Colucci, W. J.; Tung, R. D.; Petri, J. A.; Rich, DJH.
Org. Chem199Q 55, 2895. (b) Tung, R. D.; Rich, D..H.
Am. Chem. S04985 107, 4342.

Falb, E.; Yechezkel, T.; Salitra, Y.; Gilon, L.Peptide
Res.1999 53, 507.

(a) El-Faham, AChem. Lett1998 671. (b) Carpino, L.
A.; Beyermann, M.; Wenschuh, H.; Bienert, Mcc. Chem.
Res.1996 29, 268. (c) Carpino, L. A.; El-Faham, A.
Am. Chem. S0d995 117, 5401.

(@) Karygiannis, G.; Athanassopoulos, C.; Mamos, P,
Karamanos, N.; Papaioannou, D.; Francis, G.Aéta
Chem. Scandl998 52, 1144. (b) Carpino, L. A.; Sadat-
Aalaee, D.; Chao, H. G.; DeSelms, R. H.Am. Chem.
S0c.199Q 112 9651.



946 Bull. Korean Chem. So200Q Vol. 21, No. 9

8. (a) Carpino, L. A.; lonescu, D.; El-Faham, A.; Henklein, 10.

P.; Wenschuh, H.; Bienert, M.; Beyermann, Mtrahe-
dron Lett.1998 39, 241. (b) Wenschuh, H.; Beyermann,

M.; Winter, R.; Blenert, M.; lonescu, D.; Carpino, L. A. 11.

Tetrahedron Lett1996 37, 5483. (c) Carpino, L. A.; Man-
sour, E.-S. M. E.; Sadat-Aalaee, ID.Org. Chem1991,
56, 2611.

9. The amin& was prepared by a modified method reported
in the literature; Heffner, R. J. and Joullié, M. Mtrahe-
dron Lett.1989 30, 7021.

12.

13.

Notes

The dipeptid& was obtained following literature proce-
dure; Flanagan, D. M.; Bhat, K. L.; Joullié, M. M.
Prakt. Chem1987, 329, 915.

Savrda, J.; Chertanova, L.; Wakselman, Tetrahedron
1994 50, 53009.

Tschesche, R.; Kaussmann, E. UThe Alkaloids Man-
ske, R. H. F,, Ed.; Academic Press: New York, 1975; \ol.
15, Chap. 4, pp 165-205.

Nastopoulos, V.; Karigiannis, G.; Mamos, P.; Papaioan-
nou, D.; Kavounis, CActa Cryst1998 C54, 1718.




	Comparative Study of Cyanuric Fluoride and BOP-Cl as Carboxyl Activators in Peptide Coupling Reac...
	Young-Ah Kim and So-Yeop Han*
	Department of Chemistry and Division of Molecular Life Sciences, Ewha Womans University, Seoul 12...
	Experimental Section
	References
	1. Abbreviations used are: BOP, benzotriazol-1-yloxytris(di- methylamino) phosphonium hexafluorop...
	2. (a) Ramanjulu, J. M.; Ding, X.; Joullié, M. M.; Li, W.-R. J. Org. Chem. 1997, 62, 4961. (b) Ca...
	3. (a) Brady, S. F.; Freidinger, R. M.; Paleveda, W. J.; Colton, C. D.; Homnick, C. F.; Whitter, ...
	4. (a) Colucci, W. J.; Tung, R. D.; Petri, J. A.; Rich, D. H. J. Org. Chem. 1990, 55, 2895. (b) T...
	5. Falb, E.; Yechezkel, T.; Salitra, Y.; Gilon, C. J. Peptide Res. 1999, 53, 507.
	6. (a) El-Faham, A. Chem. Lett. 1998, 671. (b) Carpino, L. A.; Beyermann, M.; Wenschuh, H.; Biene...
	7. (a) Karygiannis, G.; Athanassopoulos, C.; Mamos, P.; Karamanos, N.; Papaioannou, D.; Francis, ...
	8. (a) Carpino, L. A.; Ionescu, D.; El-Faham, A.; Henklein, P.; Wenschuh, H.; Bienert, M.; Beyerm...
	9. The amine 2 was prepared by a modified method reported in the literature; Heffner, R. J. and J...
	10. The dipeptide 7 was obtained following literature procedure; Flanagan, D. M.; Bhat, K. L.; Jo...
	11. Savrda, J.; Chertanova, L.; Wakselman, M. Tetrahedron 1994, 50, 5309.
	12. Tschesche, R.; Kaussmann, E. U. In The Alkaloids; Manske, R. H. F., Ed.; Academic Press: New ...
	13. Nastopoulos, V.; Karigiannis, G.; Mamos, P.; Papaioannou, D.; Kavounis, C. Acta Cryst. 1998, ...
	Entry
	Acid (A1)a
	Amine (A2)a
	Productb
	Cpd
	Method Aa
	Method Bb
	Yield c
	(%)
	[a]25D
	Timed
	(h)
	Tempd
	(oC)
	Yield c
	(%)
	[a]25D
	Time
	(h)
	Temp
	(oC)
	3
	85
	+8.0
	1
	-78
	74
	+7.8
	 8
	0
	6
	71
	-65.4
	1
	0
	59
	-62.3
	 4
	rt.
	8
	59
	-28.2
	12
	-78�~�-30
	39
	-29.4
	12
	0





