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Abstract: Details of the synthesis of 2,6methanopyroglutamic acid (l), its N-methylamide (7) and N-p- 

naphthylamide (6) are reported. An NMR study of the conformation of 7 is discuesed and the stability of the amide 6 to 

pyroglutamylaminopeptidase is detailed. The crystal structure of an alkene (4) formed during the pyrolysis of an 

intermediate pyraxoline (2) indicates that the (2%configuration is conserved during nitrogen extrusion. 

The pyroglutamyl moiety is present at the N-terminus of a large number of biologically active peptides, including 

thyrotropin releasing hormone (TRH) and lutienizing hormone releasing hormone (LHRH). Our approach to peptide 

bond stabilization by the incorporation of conformationally constrained 2,&methanoamino acids (cyclopropane amino 

acids) into bioactive peptides motivated us to prepare the title amino acid in order to study its biological and 

conformational properties. In this paper we report the details of the synthesis of this new amino acid’ and examine the 

conformation of the peptide mimic, 2,3- methanopyroglutamic acid N-methyl amide using NMR spectroscopy. 

The synthesis of 2,3-methanopyroglutamic acid (2,3-MeGlp.1) was accomplished via the decomposition of pyraxohne 

2 (Scheme 1) prepared from the known (Z)-2,3-dehydroglutamic acid dimethyl esters or the known ladone, 2- 

benzyloxycarbamido-5-oxo-tetrahydrofuran-2-carbo~lic acids, via the dehydroglutamic acid derivative. The addition 

of diaxomethane to the dehydroglutamic acid derivative gave the thermally quite stable pyraxoline 2 in excellent 

yields. 

-1 

2 

Z=PhCH~OCO- 

Reagents: i, bv; ii, PhH, A. 

Photolysis of 2 gave the fully blocked 2,3-methanoglutamic acid 3 in excellent yield while thermolysis in boiling 

toluene converted 2 into an approximately 1:l mixture of 3 and the alkene 4. The Z-configuration of 4 was determined by 

X-ray crystallography (Fig. la). The fact that only one olefin having the same configuration as the pyraxoline4 was 

formed speaks in favor of a possible concerted hydrogen migration-nitrogen extrusion mechanisms in which the 
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migrating hydrogen atom ie trans to the leaving nitrogen atom. Since only the Z-cyclopropane 3 (as shown by 

pyrrolidone ring formation) is formed on photelyeis of 2, the expected 1,3-diradical intermediates must ring close 

rapidly and without rearrangement. 

l,R=OH 
5,R=OCH:, 
6, R = NH@-Napb 
7,R=NHC@ 

la lb 

The cyclopropane 2 was readily converted into the cyclic ester 6 by hydrogenolyais of the N-benzyloxycarbonyl group 

folIowed by heating the free amine in refluxing in Zbutanol, since lower boiling solvents failed to cause rapid ring 

formation. Baee eatalyaed hydrolysis of 5 then gave 2,3-methanopyroglutamic acid (2,34ieGlp, 1) uneventfully. 

The new amino acid 1 was converted into its 2naphthylamide 8, an analog of the known 

pyroghnamylaminopeptidase (PAP) substrate, in order to examine it8 Stability to PAP. Even at an amide to enzyme 

ratio of lO:l, no 2-naphthylamine was detected in the solution of the cyclopropane after 48 hours, while the natural 

substrate was hydrolyzed completely in just under four hours. This result leads UB to expect that peptides having 2,3- 

methanopyroglutamic acid at the N-terminus will have an enhanced biolifetime with increased potency and/or 

duration of action. The synthesis of the nicely crystalline N-methylamide 7 was accomplished by a standard mixed 

enhydride coupling’ with the amine. This compound is a peptide mimic which allows an NMR study of conformations 

which the cyclopropane derivative may adopt when attached to a peptide chain. The X-ray structureo of 7 showed the 

expected small ly dihedral angle which allows the carbonyl group to approach a “bisected” conformation maximizing 

overlap of the carbonyl u orbit& with those of the cyclopropane ring. As in the natural amino acid, the 4 angle remains 

fixed by the pyrollidone ring. 

The lH- and 13C-NhfR data for 1 and 7 show well-resolved firet order proton spin systems. HA and HM are more 

deshielded in 1 than in 7, whereas HB shows the opposite behavior. This euggeete that the amide carbonyl adopts slightly 

different conformations with respect to the cyclopropane ring in 1 and 7. . The proton chemical shit& were readily 

assigned on the basis of their coupling conetante and it is interesting to note that the vicinal coupling constants, JXM 

and JIM, of 1 are larger than those of 7 suggesting that the 2-pyrrobdone ring is somewhat more puckered in the N- 

methyl amide, 7. These same conformational differences between 1 and 7 may explain the interesting pattern in the 
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cyclopropane carbon chemical shifts, i. e., Cl and C2 in ‘7 are downfield of those atoms in 1, while the reverse is true of 

the methylenic carbon C4. 

NOE Measurements. While the backbone dihedral angle I$ (about N--C2) of the amide 7 (Fig. 2) is fixed by the 

bicyclic ring system, the w angle is variable because of free mtation about the Cl-C2 bond. To gain insight intc the 

preferred conformations of 7 we devised steady--state truncated NOE measurements based on irradiation of the amide 

NH proton. Aa can be seen from Fig. 24 in the “extended” conformation, characterixed by a large value of v, the amide 

NH is in close proximity to the HA, HB and HM cyclopropane protons. In a “folded” conformation, which is adopted by 

2,3MeGlpNHMe in the eolid state, a small V angle promotes close interaction between the amide and the pyrrolidone 

NH protons. Irradiation of the amide NH proton in CDCl3 resulted in enhancemente of the pyrrolidone NH proton and 

the HB cyclopropane proton indicating that both “folded” and “extended” conformations of 7 occur in a nonpolar solvent 

such as CDC13. Similar results were obtained in DMSO-d6, but, interestingly, an additional NOE enhancement of the 

HA cyclopropane proton was observed indicating a slightly different y angle for the average “extended” conformation 

of 2,3-MeGlp-NHMe in DMSO& relative to CDCl.3. 

(a) (b) 

Figure 2. NOE Studies of 2,3-MeGlp. 

ExPERmENTAL 

Melting points were determined on a Thomas Hoover capillary melting point apparatus and are uncorrected. 

Infrared spectra were recorded on a Perkin-Elmer Model 297 infrared spectrometer with polystyrene as the standard. 

lH- and W-NME spectra were recorded on a Jeol FK 90-Q, Bruker AM 250 or Varian EM-390 spectrometer, using TMS 

(IH), p-dioxane or chloroform-d (W) as internal etandards. DEP’I’ 135 and Quat. Decoupled pulse sequences for 

determination of carbon multiplicities were run on the Bruker AM 250 spectrometer. 1-D difference proton Overhauser 

measurements were performed using selective irradiation pulses of 1.0 sec. and spin-recovery delay8 of 3.0 8ec. 

Solvents were HPLC grade or were distilled before use. Amino acids, N-benzyloxycarbonylglycine, 

dicyclohexylcarbo-diimide (DCC), N-methylmorpholine WMM), ethyl chlomformate, isobutyl chloroformate, benxyl 

carbamate, and 2-ketoglutaric acid were purchased from Aldrich or Sigma Chemical Company and used without 

further purification. Thin layer chromatography was performed on Whatman MKGF precoated silica1 gel plates. TLC 

plates were visualized using UV light, I,, 1% ninhydrin reagent, and chlorine-t&line reagent. The following solvent 

systems were employed: (I) ethyl acetate/bexanes (l:l), (II) methylene chloride, (III) ethyl acetate, (Iv) n- 

butanol/acetic acid/ water (4:1:5), 0 CHClS/EtCH (3:2). Flash chromatography was performed using Universal 

silica gel (230-400 mesh) and 60-200 mesh (Baker) silica gel was used for gravity column chromatography. Photolyses 
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were carried out with a medium pressure 450 watt mercury lamp and a quartz cell. A uranium glass or Vycor glass 

sleeve was used to restrict the shorter wavelength emission bands. Microanalyses were performed by Atlantic 

Microlab, Inc., Atlanta, Georgia. 

~thylXW+anzy~ L~~drOglUtaUUlt8. 

This compound was prepared from dimethyl 2-ketoglutarate2.3 in 41% crude yield, m.p., 82-64’ C, after silicagel 

chromatography; iH NMR (CDCls) S: 7.2 (8, SH, ArH), 6.67 (t, lH, C&H), 6.45 &r S, lH, NH), 5.05 @2H, ArCSI& 3.74 

(s, 3H, OCHs), 3.65 (s, 3H, OCI-I& 3.28 (d, 2H, CHzl; “C NMR(CDCl& 170.6,164.4,153.6,135.6, 128.4,12&l, 128.0,126.8, 

127.2, 67.3, 52.4, 51.9, 33.5 ppm; IR (RBr) 3250, 1725, 1695, 1520 cm-l; I(I (I) 0.78 and a 0.2g (2%) yield of the lactone, 

methyl 2-benzyloxycarbonamido-5-oxo-tetrahydrofuran-2-carboxylate : mp 136-138 “C; lH NMR CCDCls) 5 7.2 (8, SH, 

ArH), 6.34 (br s, lH, NH), 4.95 (e, 2H, ArCHs), 3.70 (e, 3H, OCHJ, 2.6 (m, 4H, CHpCH& IR (KBr) 3300, 1769, 1760, 1700 

cm-‘; & (I) 0.36. 

Anal. Calc’d. for C1,HIENOe: C 57.34, H 5.16, N 4.78. Found: C 57.22, H 5.18, N 4.70. 

MaWxycarbouylmetbyl-3benxyloxycarbamidc&carbnmothoxy-A1-~liue (2). 

To a cold, stirred solution of 6.0 g (19.5 mmol) of dimethyl N-benzyloxycarbonyl-2,3-didehydroglatamate2 in 200 mL 

of methylene chloride was added dropwise a solution of 3 g (70 mm011 of diazometbane in 150 mL of ether. After 2 br at 

O”, the reaction mixture was stirred overnight at room temperature. Excess diazomethane was quenched by addition of 

calcium chloride. The solution was filtered and the filtrate was evaporated under reduced pressure. The residue was 

triturated with ether to afford 5.4 g (80%) of 2: mp 72-74 ‘C; ‘H NMR (CDCIs) 5 7.25 (8. SH, ArH), 5.6 (br 8, lH, NH), 4.98 

(8, 2H, ArCHz), 4.7 (m, 2H, CHz), 2.90 (t, lH, CH), 2.41 (d, 2H, CHs); W NMR CCDCls1 172.6, 168.1, 154.0, 135.5, 128.6, 

128.3,l28.0,100.6,83.8,67.3,54.1,51.9,33.3,32.0 ppm; IRf.RBr) 3370,1730, 1510, 1450,144O cm-l; &(I) 0.62. 

Anal. Calc’d. for CisHlsNsOs: C 55.01, H 5.48, N 12.03. Found C 55.10, H 5.49, N 12.00. 

Dimethyl N-Benzylosycarbonyl-2&methano&&amat.@ (3). 

Method k A solution of 3.0 g (8.6 mmol) of 2 in methylene chloride (300 mL) was photolyzed with a 450 watt Hanovia 

medium 1 h. by flash 

chromatography using g (98%) of 3 as an oil: lH NMR CCDClsl5 

s, lH, NH), 3.67 (s,3H, OCHsl, 2.4 (m, 2H, CH& 1.85 (m, lH, CH), 1.1 (m, 2H, CHs); 

IR (NaCl) 3320,2930, 1730, 

Rr (D 0.57. 

Method solution of g (8.6 mmol) of was refluxed for 3 h in benzene. Atter 

no reaction in 199 

mL of toluene which was refluxed overnight. TLC analysis indicated the formation of two products 

of the toluene, by flash chromatography using as eluant. 

as the cyclopropane 3 (43%) to be dimethyl 3-methyl-2,3- 

4, isolated in mp 67-68 ‘H NMR (CDCIs) 6.60 s, lH, NH), 

IR (XEW 3290,1730, 1690.1520 

C 59.81. H. 5.96, N 4.36. Found: C H 5.97, N 

Crystallography. A crystal of C~&QNO~ (41 was mounted on a Syntex P3 automated diffractometer. Unit 

cell dimensions (Table I) were determined by least squares reminement of the best angular positions for fifteen 

independent reflections (29~15”) during normal allignment procedures using molybdenum radiation (7 = 0.71069A). 

Data, (1261 points) were collected at room temperature using a variable scan rate, a 9 26 scan mode and a scan width of 

1.2O below I&l and 1.2O above Ra2 to a maximum 29 value of 45.00. Backgrounds were measured at each side of the scan 

for a combined time equal to the total scan time. The intensities of three standard reflections were remeasured after 
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every 97 reflections and as the intensities of these reflections showed less that 6% variation, corrections for 

decomposition ware deemed unnecessary. Data were corrected for Lorents, polar&&ion and background effects. Aftsr 

removal of space group forbidden and redundent data, observed data, (728 points1 (1>3.OuC)) were used for solution and 

refinement. The structures were solved for carbon, nitrogen, and oxygen positions using direct methods.s Least 

squares refinement10 converged with anisotropic thermal parameters. The hydrogen atom bonded to Nl was not 

apparent from a difference Fourier synthesis. The remaining 18 hydrogen positions were calculated using appropriate 

geometry and a C-H distance of 0.97A Hydrogen positions were included in the final refinement with isotropic 

thermal parameters but held invariant. A difference Fourier revealed no electron density of interpretable level. 

Scattering factors were taken from Cromer and Mann .ii The final cycle of refinement - function minimized Z(lFol - 

IF& x 100. Unit weights were used until the final cycles of refinement when weights equal to I/aF were introduced. R,v 

= 10.2% analysis for the final results revealed hugs temperature parameters for atoms, C4,03,04 and C15, indicative of 

rotation of the ester group about the C3-C4 bond. The determined thermal ellipsoid for atom, 03, has been replaced by sn 

isotropic sphere in the Figure to facilitate observation of the connectivity in this ester group. 

Methyl 2&methfmoPyroglutalnatf3 (51. 

Hydrogen gas was passed into a mixture of 2.5 g (7.8 mmol) of 3, 0.25 g of 5% PdKl, end acetic acid (0.3 mL) in 100 

mL of methanol at atmospheric pressure for 1 h. The catalyst was removed by filtration and the residue obtained by 

evaporation was dissolved in 100 mL of 2-butanol and the solution was refluxed overnight. AReT removal of the solvent 

under reduced pressure, the residue was chromatographed using ethyl acetate-hexanes (5:l) as eluant. The product wss 

triturated with ether to afford 0.9 g (75%) of 5: mp 8334°C; 1H NMR (CDCls) 5 7.32 (s,5H, ArH), 4.75 (s,3H, OCHs), 3.80 

(dd, lH, CID, 3.45 (dd, lH, CID, 2.14 (m, lH, CH), 1.8 (dd, lH, HCH), 0.95 (dd, lH, HCH); W NMR CCDCls) 176.4, 170.9, 

52.5,40.5,34.2,25.8,20.8 ppm; IR (KSr) 3410,321s. 1730, 1695 cm-i; R&5) 0.35. 

Anal. Calc’d. for C,HgNOs: C 54.18. H 5.85, 9.03. Found: C 54.23, H 5.89, N 8.98. 

2,3-Metbanopyroglutamic acid (1). To a solution of 5 (1.2Og,7.7 mm011 in MeOH (5 ml) was added 4.8 ml of 2N 

NaOH. After lh the methanol was evaporated and the solution was acidified to pH 2 with cont. HCl. The precipitated 

solid was washed with cold water and dried, to give 1.02g of crude 1 which was dissolved in hot 2-propanol(25 ml). 

Addition of ether (25 ml) and refrigeration afforded 0.87g (88%) of pure 1 as colorless prisms, mp 200-202O C, & (IV) 0.53. 

lH NMR (MeOH&) 6: 0.86 (t, HA, JAB =-5.3, JAM = 5.4). 1.69 (dd, HR, JRM = 8.8),2.05 (dddd, HH, Jm =1.2, JIM =7.3), 

2.23 (dd, Hx, JgH = 1.21, 2.71 (dd, Hy, Jxy =18.1). 13C NMR (MeOH&) 5: 174.OQ), 43.8K!2), 2O.2@3), 24.4(C4), 

33.8(C5), 179.3(C6). 

Anal. Calcd. for C6H6NC3: C 51.06, H, 5.00, N, 9.93. Found C, 50.94, H, 5.03, N, 9.90. 

!2,34Kethanmgluml-PNaphthyS (6) 

To a solution of 1 (100 mg, 0.7 mmol) and TEA (0.7 mmol, 99 ml) in CH2C12 (2.0 ml) and DMF (0.2 ml) was added 

oxalyl chloride (0.78 mmol, 68 ml) at -30°C under a nitrogen atmosphere. The solution was stirred at 0“C for 1 h and 

after evaporation, solution of b-naphthylamine (Sigma, 132 mg, 0.9 mmol) and TEA (0.7 mmol, 99 ml) in DMF (1 ml) 

was added to the oily residue. The reaction mixture was stirred overnight at room temperature, dissolved in EtOAc (50 

ml) and washed with IN IHIS (3 x 10 ml), brine, 10% NaHC03 (3 x 10 ml) and brine. The solution was dried (anh. 

Mg 504) filtered and evaporated to give a crude product which was purified by chromatography on silica gel (10 g) using 

CHCKVRtOAc (21). The fractions (180-200 ml) containing the product were pooled and evaporated to give 19 mg (10%) of 

pure 6, mp 194-195°C Rf (CHC13-EtOAc (21) 0.22; 1HNMR (acetone-d6): d 0.85-0.96 (t, lH, -HI, 1.93-2.20 (m, 2H, - 

H), 2.42-2.89 (m, 2H, CgHP), 7.27-7.79 (m, 7H, ArH), 8.39 (br s, lH, NH), 9.25 (br s, lH, CONH). 

FAR-MS: MH+ calcd, 267. Found: 267. 
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!@I-Blethano~yroglutamic Acid N-m&by1 amide (7). To a solution of 1(0.2Og, 1.42 mmol) and 4methylmorphoIine 

(0.16 ml, 1.42 mmol) in DMF (2 ml), cooled to -15O C, was added i-butylchloroformate (0.20 ml, 1.56 mmol). After 

stirring for 30 min at -15O C, a solution of C&NHsHCl (115 mg, 1.70 mmol) and 4-methylmorphoiine (0.19 ml, 1.70 

mmol) in dichloromethane (2 ml) was added. The reaction mixture was stirred overnight at room ternpemtu’e when 

evaporation of the solvents afforded a solid residue which was chromatographed using CHCls/EtOH (3:2). The 

fractions (100-190 ml) containing the product were pooled and evaporated to give 0.19g (88%) of 7. Recrystallization 

from ethyl acetate afforded 7 as colorless prisms, mp 141-142“ C, & 0 0.76. lH NMR (MeOH-d.4) 8: 0.84 (t, HA, JAB = - 

5.3, JAM = 5.4), 1.82 (dd, HB, JBM ~8.8). 1.95 (dddd, HM, JXM = 0.8, JIM =6.9), 2.33 (dd, HX JIM = 0.8). 2.81 (dd, Hy, JYM 

= 6.9, Jxy = 18.3), 2.79 (s, CH3). 13C NMR (MeOH_d4) 6: 172.5 (Cl), 45.0 (C2), 21.1 (C3), 23.7 (Cc), 35.1 (C(j), 180.3 (C6), 

26.8 (CH3). 

Anal. Calcd. for C&NO3: C 51.06, H 5.00, N 9.93. Found: C 50.94, H 5.03, N 9.90. 

PyrogIutamyl Amino PePtides (PA) Digestion of 2,3-MeGIP-8-naPbthyIamIde (6). 

A solution of PAP (7.7 mg of lyophihxate, 0.05 units, Boehringer-Mannheim) in 200 ml of phosphate buffer (0.1 M 

Na2HPC4, pH 6.7), made 5% in glycerol, was incubated at 37OC for 3 min. To this buffer was added 0.6 mm01 of 6 in 25 

ml methanol. The reaction progress was monitored by TLC using a CHCi3/EtOHiHOAc (9O:lO:l) solvent system, in 

which the Rfs of 6 and 5-naphthylamine differed by 0.3 units and uv light was used for visualization. NO 8- 

naphthylamine was detected over a period of 72 h indicating no enzymatic hydrolysis. In a simultaneous experiment, 

Glp-8naphthylamide (Sigma) was hydrolyxed quantitatively in less than four hours under the same conditions. 
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