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N-Methyl-33-amino acids are important building blocks in the synthesis of biologically active molecules.

A very simple and efficient approach to transform nataraimino acids into their correspondihgmethyl-
B3-amino acids is here presented. In the method, the key intermedlatexthylN-nosyl-a-aminoacyl-
diazomethanes are prepared in only one step, by a simple treatment of the correspéndsyd-a-
aminoacyl chlorides with diazomethane. The synthetic route takes advantage from the use of the nosyl
group. This N-masking moiety activates the NH function, and the N-methylation can directly occur during
the acylation step of diazomethane, rendering useless a second step that instead is shown to be necessary
in all the classical procedures already reported for the preparatigmudthyl/3%-amino acids. The Wolff
rearrangement of-methylN-nosyl-a-aminoacyldiazomethanes provides the corresponbiimgethyl-
N-nosyl33-amino acids with total retention of the chiral configuration of the startirgmino acids. No
epimerization of the chiral carbon atom is observed also wienethyl-N-nosyl53-amino acids are
transformed into chlorides and coupled wittamino acid methyl esters to achieve model scaffolds for
biologically important modified peptides.

Introduction B3-amino acid’ Another peculiar aspect lies in the fact tifdt
B3-Amino acids are widely encountered in nature, especially ammo_amds are nonmutagenic. All these fea_tgres confer to

. . - o ’ .7 [3-peptides valuable characteristics to be promising candidates

in compounds having marine origin, and they are representative; pharmaceutical applications as peptidomimetics.

building blocks in the design of biologically active substances Due to the importance gf®-amino acids, theilN-methyl

having peptldu_: morphology. . derivatives are potentially useful amino acid surrogates for
Pharmaceutical target molecules, such as peptide Strucwre]ncorporation in lead therapeutic agents havifigoeptide

based drugs, many natural produttand a vast array of

metabolite, contain optically active3-amino acid residues. (4) (a) Gellman, S. HAcc. Chem. Re€.998 31, 173-180. (b) Cheng,

Furthermore/33-amino acids are considered as the ideal precur- R. P.; Gellman, S. H.; DeGrado, W. Ehem. Re. 2001, 101, 3219-3232.
_ ihinti (c) Seebach, D.; Beck, A. K.; Bierbaum, D.Ghem. Biodiersity 2004 1,
sors off-lactam antibiotics. . . 1111-1239. (d) Stephens, O. M.: Kim, S.. Welch, B. D.. Hodson, M. E.;
Numerous studies dealing with peptides and other biologically kay, m_s: Schepartz, Al Am. Chem. So2005 127, 13126-13127. (e)
active substances containingf&amino acid framework are  Schmitt, M. A.; Choy, S. H.; Guzei, I. A.;; Gellman, S. 3. Am. Chem.
reported in the literaturéThese molecules, th&peptides, are ~ S0¢.2003 127, 13130-13131.

. . . . (5) (@) Fernange Santin, J. M.; Milinz-Guerra, S.; Rodriguez-Galan, A,;
able to fold into well-defined three-dimensional structires. Aymami, J. Lloveras, J.; Subirana, J. A.; Giralt, E.; Ptak, Wacromol-

pB-Peptides have shown increased stability against the degradecme_s 1987, 20, 62-68. (b) FernandeSantin, J. M.; Aymami, J.;
ing action of mammalian proteaseslue to the inability of ggdggug-lGalan,Aé; I\L/I’tlmE-GuleJEr;, 3Séé3 Slultggnl% J(al;\lzturetlg% 311,
: H H —o4. (C) lverson, B. ature y . oert, ngew.

proteolytic enzymes to cleave the amide bonds adjacent to theChem” int. Ed1997, 36, 1836-1837. (¢) Gademann, K.. Hintermann, T.:

Schreiber, J. VCurr. Med. Chem1999 6, 905-925. (f) Seebach, D.;
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SCHEME 1 TABLE 1. Synthesis of ‘
R R? s0C, R R? N-Methyl- N-nosyl-o-aminoacyldiazomethanes 3ah
Ns. A OH ——— Ns_, -~ Cl 2 i ()
H/S( Ch.Ch A H/S( compd R R yield (%)
(0] O 3a H CHs 78
1a-h 2a-h 3b CHs H 81
3c H CH(CHs), 73
CH,N, 3d H CHa(CeHs) 77
9 CH,Cl, 3e H CH(CHg)CH,CHj3 81
Ns = ozn@s—; o°C 3f CH(CH)CH,CHs  H 89
i 3g H CH,CH(CH), 77
3h H (CHg)sNHFmoc 69
R! R2
Ns~y L _CHN,
| . . .
CH; O Recently we have developed a very simple and efficient
approach for preparinl-methyl-a-amino acid methyl esters
3a-h

using the nosyl group to protect the startiogmino acid methyl

. ) . . esterst® The methylation reaction simply requires the treatment
structure and characterized by an increased lipophilicity and of nosy| derivatives with an ethereal solution of diazomethane.
bioavailability. The resulting conformational rigidity of N- |4 aqdition, this procedure has been successfully employed for

methylated peptidésmay produce compounds with improved  sjte_specific N-methylation of the terminal amino function of
binding characteristics and new receptor subtype selecivity. N_nosyl peptided®

Furthermore, N-methylation of optically puf#-amino acids

could be straightforward in making available monomers useful

for the developments of new foldaméfsas well as in the
synthesis of biologically active peptidomimetic drdgs-or
example, it is know#? that introduction of arN-methyl{33-

amino acid at the fourth position of tetrapeptide analogues of
dermorphin, a potent natural analgesic with long-lasting opio-
idlike activity, provides molecules stable to proteolytic enzymes.

Furthermore, in a previous work, we have realized the direct
homologation ofN-Fmoce-amino acids into the corresponding
B2-amino acids, according to the ArneEistert procedure and
using Fmoc-amino acid chlorides as starting matetals.

On the other hand, the stability of the nosyl group toward
acids allows the activation of carboxyl function as chloriéle;
therefore, théN-nosyl-a-aminoacyl chlorides could be the ideal

Substitution also improves receptor affinity, selectivity, and starting substrates in the ArncEistert reaction. The nosyl group

analgesic activity.

N-Methyl-53-amino acids could also generate appropriate
modified 5-peptide scaffolds useful to enlighten the mechanisms

regulating the gastrointestinal high-affinity carrier systerg%f
amino acids in human and mammalian organim&onse-
quentially, it is crucial to provide optically pus-methyl{33-

amino acids with a large supply. However, only a few methods

have been developed for the synthesisNafnethyl{33-amino

enhances the acidity of the NH function, so tiNshosyl-o-
aminoacyl chlorides should react with diazomethane at both the
NH moiety and the carbonyl group, achieving in only one step
the formation of theN-methyldiazoketones.

Results and Discussion

By use of previously published proceduf&siN-nosyl-a-

acids!* Some of these approaches are characterized by harsfamino acidsla—g were prepared from the corresponding

reaction conditions or numerous synthetic steps.

(7) (@) Hintermann, T.; Seebach, @himia 1997 50, 244—-247. (b)
Franckenpohl, J.; Arvidsson, P. I.; Schreiber, J. V.; SeebacithemBio-
Chem2001, 2, 445-455.

(8) (a) Mark, J. E.; Goodmann, MBiopolymersl967 5, 809-814. (b)
Fairlie, D. P.; Abbenante, G.; March, D. Rurr. Med. Chem1995 2,
654—686.

(9) (@) Rajeswaran, W. J.; Hocart, S. J.; Murphy, W. A,; Taylor, J. E.;
Coy, D. H.J. Med. Chem2001, 44, 1305-1311. (b) Rajeswaran, W. J.;
Hocart, S. J.; Murphy, W. A.; Taylor, J. E.; Coy, D. H. Med. Chem.
2001, 44, 1416-1421.

(20) Hill, D. J.; Mio, M. J.; Prince, R. B.; Hughes, T. S.; Moore, J. S.
Chem. Re. 2001, 101, 3893-4011.

(11) Enantioseleciie Synthesis g8-Amino Acids 2nd ed.; Juaristi, E.,
Soloshonok, V., Eds.; John Wiley & Sons: New York, 2005.

(12) (a) Ogawa, T.; Miyamae, T.; Murayama, K.; Okuyama, K;
Okayama, T.; Hagiwara, M.; Sakurada, S.; MorikawaJTMed. Chem.
2002 45, 5081-5089. (b) Ogawa, T.; Miyamae, T.; Okayama, T.; Hagiwara,
M.; Sakurada, S.; Morikawa, TThem. Pharm. Bull2002 50, 771—-780.
(c) Masakatsu, EMed. Res. Re 2004 24, 182-212.

(13) Munck, L. K.; Grgndahl, M. L.; Skadhauge, Biochim. Biophys.
Acta 1995 1238 49-56.

(14) (a) Hintermann, T.; Mathes, C.; Seebach,Hbr. J. Org. Chem.
1998 2379-2387. (b) Faris, J.; Ginesta, X.; Sutton, P. W.; Taltavull, J.;
Egeler, F.; Romea, P.; Urgr.; Vilarrasa, JTetrahedror?001, 57, 7665~
7674. (c) Govender, T.; Arvidsson, P Tletrahedron Lett2006 47, 1691~
1694. (d) Hughes, A. B.; Sleebs, B. Kust. J. Chem2005 58, 778-784.
(e) Hughes, A. B.; Sleebs, B. Helv. Chim. Acta2006 89, 2611-2637.

(f) Gademann, K.; Ernst, M.; Seebach, D.; Hoyer, Hely. Chim. Acta
200Q 83, 16—-33. (g) Matthews, J. L.; Overhand, M.;"Kale, F. N. M;
Ciceri, P. E.; Seebach, iebigs Ann./Rec1997 1371-1379.

o-amino acids ang-nitrobenzenesulfonyl chloride and then
treated with thionyl chloride to give the correspondianosyl-
o-aminoacy! chloride®a—g in quantitative yields (Scheme 1).

N-Nosyl-a-aminoacyl chloride2a—g were transformed into
N-methylN-nosyl-o-aminoacyldiazomethan&s—g upon treat-
ment with a methylene chloride solution of diazomethane.
Reaction was complete after 560 min, and3a—g were
recovered in 7389% overall yields, after column chromatog-
raphy (Scheme 1, Table 1). The one-step formation of com-
pounds3a—g, due to the methylation of the protected NH
function that simultaneously occurs during the acylation of
diazomethane, was confirmed by NMR spectroscébyNMR
spectrum of each compound showed singlets resonating in the
ranges of 2.842.92 and 5.565.83 ppm, attributable to the
NCHsz and CHN protons, respectively.

With the protected precursoBa—g in hand, we evaluated
their conversion into the correspondihgmethylN-nosyl33-
homoamino acids. The homologation reaction was performed
initially under experimental conditions already reported in the

(15) Di Gioia, M. L.; Leggio, A.; Le Pera, A.; Liguori, A.; Napoli, A.;
Siciliano, C.; Sindona, GJ. Org. Chem2003 68, 7416-7421.

(16) Di Gioia, M. L.; Leggio, A.; Liguori, A.J. Org. Chem2005 70,
3892-3897.

(17) Leggio, A.; Liguori, A.; Procopio, A.; Sindona, G@. Chem. Soc.,
Perkin Trans. 11997 1969-1971.

J. Org. ChemVol. 72, No. 13, 2007 4799



JOC Article

SCHEME 2
R! R? R! R20
c PhCO,Ag/NEY:
Ns. HN 2 3 N
SN CHN, Ns NMOH
CH; O 1,4-dioxane/H,0 R
r.t
3a-h 4a-h

literature”18 In particular, 1 mmol ofN-methyl-N-nosyl-
alanyldiazomethan®a, chosen as model system, was dissolved
in a 1,4-dioxane/water mixture and subjected to treatment with
catalytic amounts of silver benzoate, at . After 5 h, the
catalyst was filtered off and the solvent was removed. Hydrolytic
workup of the crude mixture affordeN-methyl-N-nosyl{3°-
homot.-alanine ¢4d) in only 30% total yield. Unexpectedly, the
main reaction product wds-methyl-4-nitrobenzenesulfonamide.
After a careful optimization of the reaction conditions, we
found that yields and kinetic of the homologation were
significantly improved when silver benzoate was dissolved in

Belsito et al.

TABLE 2. Synthesis ofN-Methyl-N-nosyl#3-homoamino Acids
4a—h

compd R R? yield (%)
4a H CHs 83
4b CH3 H 82
4c H CH(CHg)2 60
4d H CHy(CeHs) 70
4e H CH(CHs)CH,CHs 65
af CH(CHs)CH,CHs H 68
4g H CH,CH(CHg)2 74
4h H (CHg)sNHFmoc 62

TABLE 3. Synthesis ofN-Methyl-N-nosyldipeptides 6a,b

compd R R2 yield (%)
6a H CHz 75
6b CHs H 64

furnished2h (Scheme 1), which was in turn converted into the

triethylamine and the resulting homogeneous solution was addedcorrespondingN-methyldiazoketone3h under experimental

to a 1,4-dioxane/water system containiNgmethyl-N-nosyl-
alanyldiazomethane3@). The use of excess triethylamine
together with catalytic amounts of silver benzoate at room
temperature for 20 min led to the rearrangement prodadh
higher yield (78%). Probably silver benzoate dissolved in
triethylamine acts as a homogeneous catdf/€n the other

conditions similar to those used for the preparatiorBaf-g
(Scheme 1, Table 1). Column chromatography was necessary
to recover puredh in 69% yield. Homologation o8h under

the catalytic conditions optimized as previously described
proceeded at room temperature for 20 min, giving the desired
Ne-methyl-Ne-nosyl-Né-Fmoc33-homot-lysine @h) in 62%

hand, it was recently demonstrated that triethylamine helps theyield, without need of chromatography (Scheme 2, Table 2).

formation of silver nanoclustef8, which are the species
responsible for the catalysis in the Wolff rearrangement of
diazoketones! In principle, the presence of the coreagent
triethylamine favors the formation dfl-methylN-nosyl{2-
amino acid rather thalN-methyl-4-nitrobenzenesulfonamide.

In order to exploit the stereochemical features of the novel
synthetic approach here proposed, we synthesized the diaster-
eomers N-methylN-nosyl+ -isoleucyldiazomethane3¢) and
N-methyl-N-nosylp-allo-isoleucyldiazomethane 3{). Com-
pounds 3e,f were obtained in 81% and 89% total yields,

The catalyst system triethylamine/silver benzoate produces onlyrespectively, by the described procedure (Scheme 1, Table 1).

traces of the sulfonamide in the reaction mixture.

In light of the excellent results obtained wia, treatment
with silver benzoate and triethylamine in 1,4-dioxane/water was
then extended to the othBk-methyldiazoketone8b—g. In all

The H and 13C NMR analysis of each compound showed
resonances attributable to only one diastereciemving that
the stereochemistry of the original chiral carbon atom is totally
retained during the preparation of diazoketorsf The

cases, the reaction performed at room temperature was completéPectroscopic analysis performed on a mixture of the two

in a few minutes and the correspondiNgmethyl-N-nosyl{33-
amino acids4b—g were recovered pure without need of

chromatography, and in yields variable between 65% and 83%

(Scheme 2, Table 2).

For completeness, we investigated the application of the
described procedure ttN-nosyli-lysine protected on the
e-amino function with the Fmoc group. The selection of the
base-labile masking group in the side chain of lysine was

compoundse,fshowed instead the presence of all spin systems
attributable to both producs.

In addition, we investigated if racemization could occur
during the conversion of diazomethane derivatives into the
correspondings®-amino acids. In analogy to the spectral study
performed orBe,f IH and13C NMR spectroscopies were able
to determine the presence of the corresponding unwanted
diastereomer in the samples NfmethylN-nosyl33-homo+ -

necessary as a protection compatible with the developediSoleucine 4€) and its epimedf. The spectral information led
methodology. In fact, the Fmoc group is stable under the acidic ©© the conclusion that also homologation is not affected by

conditions required for preparation of amino acid chlorides.
The startingN*-nosylN¢-Fmoc+-lysine (Lh) was prepared
by treatment of commerciaN-Fmoca-L-amino acid with
p-nitrobenzensulfonyl chloride in a 1,4-dioxane/water solution
containing triethylamine. Reaction @h with thionyl chloride

(18) Babu, V. V. S.; Gopi, H. N.; Ananda, K. Pept. Res1999 53,
308-313.

(19) Newman, M. S.; Beal, P. B. Am. Chem. Sod95Q 72, 5163~
5165.

(20) Sudrik, S. G.; Maddanimath, T.; Chaki, N. K.; Chavan, S. P.;
Chavan, S. P.; Sonawane, H. R.; VijayamohananQkg. Lett.2003 5,
2355-2358.

(21) (a) Sudrik, S. G.; Sharma, J.; Chavan, V. B.; Chaki, N. K;
Sonawane, H. R.; Vijayamohanan, K. ®rg. Lett.2006 8, 1089-1092.

(b) Sudrik, S. G.; Chaki, N. K.; Chavan, V. B.; Chavan, S. P.; Chavan, S.
P.; Sonawane, H. R.; Vijayamohanan, ®hem—Eur. J.2006 12, 859
864.
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racemization. Gas chromatographimass spectrometric (GC-
MS) analysis of the single producte,f, injected after their
conversion into the corresponding methyl esters by treatment
with a methylene chloride solution of diazomethane, definitively
confirmed the presence of only one diastereomer in both
samples. As expected, GC-MS analysis of a sample containing
a mixture of the two methyl esters clearly showed the presence
of only two distinguishable peaks corresponding to the couple
of diastereomeric methyl este¥%.

We completed our studies by verifying the possible applica-
tions of N-methyl{33-amino acids as building blocks in the
synthesis of modified peptidel-methyl-N-nosyl{33-homoam-
ino acids4a,b were converted quantitatively into the corre-
sponding acyl chlorideSa,bby treatment with thionyl chloride,

(22) See the Supporting Information.
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SCHEME 3
R R2Q Rl R2O
“, SOCl, “,
Ns\NA)kOH Ns\w -
CH3 CH2C|2’ A CH3
4a-b 5a-b

L-Ala-OMe hydrochloride
NaHCO,/H,0
CHCls, r.t.

Rl R2O H
Ns\NMH/'%OCm

|
CHs o}

6a-b

under the same conditions adopted for theanalogue®
(Scheme 3). DipeptideSa,b were then obtained by coupling
of N-methyl-N-nosyl{3®-homoamino acid chlorideSa,b, dis-
solved in ethanol-free methylene chloride, withlanine methyl
ester hydrochloride dissolved in an aqueous basic solution

(Scheme 3). The reactions proceeded at room temperature an%ﬁ

went to completion in about 2530 min. Dipeptide$a,bwere
isolated in 75% and 64% yields, respectively (Table 3) and in
high purity.

The single diastereomeric dipeptidggs b, and then a mixture
of the two compounds, were characterized by GC-MS analysis.
Each diastereomer showed a unique peak, while the mixture
presented two peaks well resolvetHd NMR spectroscopy
definitively excluded the formation of epimerized products in
the coupling reaction.

Further elongation of dipeptide chain can be easily ac-
complished by removal of the sulfonamide group followed by
a coupling with activated amino acié.

Conclusions

We developed a highly efficient and simple methodology for
the homologation oN-nosyl-protectedr-amino acids into the
correspondindN-methyl33-amino acids. The nosyl protecting
group is used straightforwardly in the synthetic method, since
it offers great advantages in the preparatiorNefethyl{33-
amino acids. In fact, the sulfonamide masking group enhances
the NH proton acidity, allowing the formation of diazoketones
and the simultaneous methylation of the amino function during
the treatment ofN-nosyl-a-aminoacyl chlorides with diaz-
omethane.N-Methyl-N-nosyl-o-aminoacyldiazomethanes are
then smoothly converted into the corresponditgmino acids
by Wolff rearrangement. With respect to the other procedures
already reported in the literature, our methodology allows us
to easily obtailN-methyl33-amino acids in a few synthetic steps
and under very mild conditions. Another advantage is the
efficient conversion ofN-methylN-nosyl{33-amino acids into
their corresponding chlorides, which can be used as building
blocks in the synthesis of modified peptides. It is worth noting,
moreover, that the entire synthetic procedure does not caus
any detectable racemization of the stereocenters present in th
precursors. Although synthesisigfmethyldiazoketones by the
acid chloride method is not applicable when acid-labile groups

€
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amino acids with acid-labile groups in the side chain, through
the homologation of the corresponding-nosyl-protected
o-amino acids, is now under investigation.

Experimental Section

Synthesis of N-Methyl- N-nosyl-a-aminoacyldiazomethanes
3a—h: General Procedure.A solution of the appropriati-nosyl-
a-aminoacyl chloride2a—h (1 mmol) in dry methylene chloride
was added dropwise to a stirred 0.66 M methylene chloride solution
of diazomethane (10 mmol) at°C. The mixture was maintained
under stirring for about 5660 min, until thin-layer chromatogr-
taphic (TLC) analysis (chloroform/diethyl ether 90:10 v/v) of the
reaction mixture showed complete conversion of the precursor into
the correspondingl-methyldiazoketone. The organic solvent was
removed under vacuum and the oily residue was purified by column
chromatography to afford the respectinemethylN-nosyl-a-
aminoacyldiazomethanga—h in 69—89% vyield.

Synthesis ofN-Methyl-N-nosyl{33-homoamino Acids 4a-h:
General Procedure.A solution of silver benzoate (0.13 mol equiv)
dissolved in freshly distilled triethylamine (the volume of triethy-
lamine was adjusted tHg that of the 1,4-dioxane/water solution)
as added dropwise to a solution (0.1 M) of the appropriate
methylN-nosyl-o-aminoacyldiazomethar@a—h in 1,4-dioxane/
water (4:1 v/v). The resulting mixture was stirred at room
temperature for 2630 min, until TLC analysis (chloroform/
methanol 90:10 v/v) of the reaction mixture showed complete
conversion of the precursor into the correspondiigiethyl{3°-
homoamino acid. The reaction mixture was filtered and the solvent
was removed under vacuum. The residue was dissolved in saturated
aqueous sodium hydrogen carbonate (20 mL) and washed with
diethyl ether (3x 10 mL). The aqueous layer was acidified to pH
2 by addig 1 N aqueous hydrochloric acid (10 mL) and extracted
with ethyl acetate (3 20 mL). The combined organic layers were
washed once with brine (10 mL) and dried over8l@,. Evapora-
tion of the solvent under vacuum afforded the respedtirmethyl-
N-nosyl{33-homoamino acidla—h in 62—83% yield, without need
of chromatography. Th&l-methylN-nosyl{3*-homoamino acids
4a—g were analyzed by GC-MS after their conversion into the
corresponding methyl esters by treatment with a methylene chloride
solution of diazomethane.

Synthesis ofN-Methyl- N-nosyl{33-homoamino Acid Chlorides
5a,b: General Procedure Thionyl chloride (12 mmol) was added
to a solution of the appropriafd-methylN-nosyl{33-homoamino
acid4a,b(1 mmol) dissolved in dry ethanol-free methylene chloride
(15 mL). The resulting mixture was stirred under reflux for20
30 min, until TLC analysis (chloroform/methanol 90:10 v/v) showed
complete conversion of the precursor. Evaporation of the solvent
under vacuum afforded the respectiMemethylN-nosyl{33-ho-
moamino acid chlorideSa,b in quantitative yield, each one as a
yellowish amorphous solid.

Synthesis ofN-Methyl-N-nosyldipeptides 6a,b: General Pro-
cedure. The appropriateN-methyl-N-nosyl{33-homoamino acid
chloride 5a,b (1 mmol) was dissolved in ethanol-free methylene
chloride (10 mL) and treated with a solution ofalanine methyl
ester hydrochloride (1 mmol) in 5% aqueous sodium hydrogen
carbonate (10 mL). The mixture was stirred at room temperature
for 25—30 min, until TLC analysis (chloroform/methanol 95:5 v/v)
showed complete conversion of the precursor. The organic layer
was separated and the aqueous phase was extracted with methylene
hloride (3x 10 mL). The combined organic extracts were washed

C

®nce wih 1 N aqueous hydrochloric acid (10 mL) and once with

brine (10 mL) and then dried over B&0,. The solvent was
evaporated under vacuum to afford the correspondifgosyl-

are used to protect reactive amino acid side chains, the strategylipeptideséa,b in 64—75% vyield.

can also be applied to functionalizedamino acids bearing on
side chains base-labile protecting groups compatible with the
nosyl chemistry. The synthesis of functionalizg¢anethyl{3°-
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Supporting Information Available: Characterization of com-  of dipeptides6a and 6b; GC-MS analysis of methyl esters of
poundslh, 3a—h, 4a—h, and6a,b; GC-MS analysis of the methyl compounddte,f This material is available free of charge via the
esters of compoundéa—g; 'H NMR spectra of compound3a, Internet at http://pubs.acs.org.
3c—h, 4a, 4c—h, and6a,b; 'H NMR spectra of a mixture o8e
and3f and a mixture ofte and4f; 'H NMR spectrum of a mixture JO070438I
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