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Controlled potential etgrolysis were preformed at the cathodic peak pi@tkim the presence
triethylammonium chloride as proton donor. The optgducts isolated in good to high yie
were the correspondirfy3-diarylalanines. This reaction was also carriedusiing a dipeptic
containing ap,pB-diaryldehydroalaningo give a 1:1 diastereomeric mixture of the reitun
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Dehydrpamino acids The photophysical properties of two of ff8-diaryldehydroalanines and of thercespondin
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Elect_roly3|s ) the aromatic moieties with thee3-double bond and with the carbonyl group, whichofargthe
B,B-diarylalanines non-radiative deactivation pathwayhe absence of conjugation in the reduction prazlezid

to a significant increase in the fluorescence quanyields. These results show that f)B-
disubstituted alanines could be used as fluoresoariters.
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1. Introduction possible to develop an efficient method for thetlsgsis of 2,5-
. . . . diaminoadipic acid derivatives by controlled poiaint
The reduction of an isolated double bond is notsis  g|ecirolysis ofN,N-diprotected dehydroalaninésRecently we
using electrochemical methods, however when the eédudhd investigated  the  electrochemical  behaviour  of-
is conjugated with an electron withdrawing group sasha  50dehydroamino acids and found that these congsoshow
ca(bonyl it become_s reducible in the access[blern.ml range. higher reduction potentials when compared with tholéhe
This can be explained by the fact that conjugatewers the  corresponding  dehydroamino  acfdsControlled  potential
energy of the lowest unoccupigdorbital which results in a electrolysis of the former afforded thE-isomers of the

less negativg reduction_potential. _There are a &pents on the dehalogenated dehydroamino acids. Although therememey
electrochemical reduction of activated alkenes sashu,3- reports concerning the chemical reduction af,p-

unsaturated ketonésn these studies it was demonstrated thadehydroamino acids to the best of our knowledge the
the electrochemical reduction of unsaturated ketdneolves electrochemical reduction d8,B-disubstituted dehydroamino

an initial electron transfer to the ketone prodgca radical gcids has not yet been described. Since dehydroamids can
anion which undergoes protonation followed by otheengical o onsidered activated alkenes we decided to sthey

or electrochemical processzes'l.'hu_s, the radical anion may electrochemical reduction @B-disubstituted dehydroalanines
dimerize or it can be reduced to give the saturkétdne™ obtained by a Suzuki-Miyaura cross-coupling frof

For some years now we have been interested in thieesjs halogenated dehydroamino acids and arylboronicsacithe
of dehydroamino acid derivatives and in using thesehotophysical properties of some of the saturatatha acids
compounds as substrates in several types of reactiss part Prepared were evaluated in solvents of differentuiyl and
of this work we have been studying the electrochemicgompared with those of the corresponding,p-
behaviour of dehydroamino acid derivatives. Thuswas diaryldehydroalanines.

OCorresponding author. Tel.: +0-351-253604055; f8«351-253-604382; e-maimf@quimica.uminho.pmonteiro@quimica.uminho.pt




2. Results and discussion

from the- anda-CH protons of the alanine derivatives. Also
in the™C NMR spectra it is possible to observe the presefice

Several B,B-diaryldehydroalanines were prepared from g, signals between 42.40 and 57.01 ppm that comespo

B,B-dibromoalaninéor from ap-bromodehydrophenylalaniffe
and aryl boronic acids by a Suzuki-Miyaura coupliegction
(Scheme 15.

CO,CHj

the a-C andp-C atoms of the saturated system. In the case of
compounds5c and 6a, 1:1 diastereomeric mixtures were
obtained showing that, as expected, the reactionnds
stereoselective.

Table 1. Cathodic peak potentials obtained by cycli
voltammetry of3,B-diaryldehydroalanine derivativés.

Compound £p (VvsECS)

H
_N

"L

Br

CO,CH
2 RL-B(OH),
Pd cat.

R

P=Boc, R=Br; 1
P=Boc, R=Ph; 2
P=Boc-L-Phe, R=Ph; 3

2,3

P=Boc; 5¢
P=Boc-L-Phe; 6a

0

Scheme 1

Cathodic peak potentials of compoundia-d, 5¢ and 6a
were measured by cyclic voltammetry at a vitreoushaa
electrode in dimethylformamide containing 0.1 moi of
Bu,NBF, as supporting electrolyte (Table 1). All cyclic
voltammetry plots were irreversible which may be doea
rapid chemical reaction of the radical anion fornmedhe first
electron transfer. An identical feature was reported the
reduction of 1,3-diphenyl-2-propen-1-ones (chal&)fdrrom
the cathodic peak potentials presented in Tableid possible
to observe that all compounds studied have siméduction
potentials. Also when these potentials are comparéul that
of the methyl ester of N-tert-
butoxycarbonyldehydrophenylalanine (B&Phe-OMe, -1.84

L/

V vs ECSY it can be concluded that the presence of a second

aryl moiety at thef-carbon atom does not significantly
influence the reduction potential.

N
Boc”

CO,CHj

1.81

1.75

1.80

1.76

1.88

The next step in our investigation was to attemp th

electrochemical reduction of the,3-double bond in the
dehydroamino acid framework. Thus, compouddsd, 5¢c and
6a were submitted to controlled potential electrolysis
acetonitrile using ENCI (0.1 mol.drf) as supporting
electrolyte and ENHCI (0.04 mol.dri?) as proton donor

1.83

Boc

6a

(Scheme 2). It was found that the only productsaisal were
the correspondin@,B-diarylalanines 7a-d, 8c and9a) in good
to high yields (Table 2). This result is differefiom those
reported for a,B-unsaturated ketones ani,N-diprotected
dehydroalanines. In the case of-unsaturated ketones the
reduction products include the saturated ketoneaadimer-?
N,N-diprotected dehydroalanines give upon electrocbami
reduction the corresponding diamino dicarboxylicag

'"H NMR spectra of compoundga-d clearly show the
presence of two signals, one doublet between 4.386ah2
ppm and a broad triplet between 5.08 and 5.31 ppiginated

& Cathode: vitreous carbon. Solvent: dimethylforndami
Supporting electrolyte: BNBF, 0.1 mol drif. Substrate conc.:
~0.005 mol drif.
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Table 2. Results obtained in the controlled po&nti
electrolysis of3,3-diaryldehydroalanine derivativés e/H*
Substrate  Product Yield/%
4a Methyl 2-tert-butoxycarbonylamino)- 85 H o
3,3-diphenylpropanoat@a Boc” NﬁOCH
3
4b Methyl  3,3-di(biphenyl-4-yl)-2tert- 79 L
butoxycarbonylamino)propanoaté) R R
4c Methyl 2-tert-butoxycarbonylamino)- 81 Scheme 3

3,3-di(naphthalen-1-yl)propanoai&

; Considering that the compounds prepared &g-
4d Methyl 2-(ert-but bonyl - 78
3 g-b?ls(l gﬂihylér%)ggﬂagﬂ%?gmg)_ diarylamino acids that could be used as fluorescenkers, we
¥ ! decided to study the photophysical properties ohes®f the

yhpropanoate7d electrolysis products. The results obtained werepaoed with

5c Methyl 2-tert-butoxycarbonylamino)- 76 those of the corresponding dehydroalanines. Henae th
3-(naphthalen-1-yl)-3- absorption and emission properties of compoudiais4c, 7b
phenylpropanoatec and 7c were studied in three solvents of different pojarit

(cyclohexane, acetonitrile and ethanol). The nozedl
absorption and fluorescence spectra of the fourponmds are
presented in Figures 1 and 2. The maximum absorigJ
and emissionX;,) wavelengths, molar absorption coefficients

6a Methyl 2-[(S)-2-(ert-butoxycarbonyl 86
amino)-3-phenylpropanamido]-3,3-
diphenylpropanoat&a

? Cathode: vitreous carbon. Solvent: acetonitrilgpirting (€) and fluorescence quantum yieldsbel of the four
electrolyte: ENCI (0.1 mol drit); E&NHCI (0.04 mol.dnf).  compounds are presented in Table 3.

The results obtained are consistent with the meshani
proposed for the reduction of,3-unsaturated ketones to give
the corresponding saturated ketones in protic niedia
According to this mechanism the first step in théurgion of
the B,B-diaryldehydroalanines would be the transfer of an
electron to give the radical anion. This radicalpidéy
protonates and tautomerizes to give an alkyl radhzd is more
easily reduced than the reagent and is convertedtlie 3,3-
diarylalanine (Scheme 3). Although reported for,3-
unsaturated ketones and esters, we did not deedbrimation
of dimers. This can be attributed to the steriégatiance at the
B-carbon atom of the3,p-disubstituted dehydroalanines, as
reported by other authors for the reduction of
norbornenedicarboxylate.
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Figure 1. Normalized absorption (in the lowest ggeband) and Figure 2. Normalized absorption (in the lowest ggeband) and

fluorescence spectraA=300 nm) of solutions ¢10° mol.dm® for  fluorescence spectra\g=270 nm) of solutions 10° mol.dm® for
absorption and>210° mol.dm?® for fluorescence) of compounds and4c  absorption and2L0° mol.dm?® for fluorescence) of compound® and7c
in several solvents. in several solvents.

These compounds present high molar absorptionicizefts The emission bands of tifieB-disubstituted dehydroalanines
at the lowest energy band ¥ 1.1x10* mol*.dn’.cm®) in the (4b and 4c) are located at lower energies than the
three solvents studied (Table 3), pointingrte Tt transitions. correspondingp,p-diarylalanine compounds7lf and 7¢). A
Thesee values are significantly lower for compounttsand7c  band enlargement and loss of vibrational structsirebserved
than for4b and 7b, due to the different chromophore groupsor 4b and4c and also for compourith (Figures 1 and 2).
present (two naphthyl groups in the former case tmad
biphenyl groups in the latter). In fact, biphengsha higher . Compounds4boand 4c present low quorgscen_ce quantum
molar absorption coefficient than naphthalem®6000 M".cm yields ((DF. < 9./0’ Table 3). T_he conjugation of the
L at 247.5 nm ang 6000 M*cm™ at 275 nm, respectively):™* dehydroamino acid dc_)uble bond with _the aromatictedes of
A methyl ester group is present in all compounds &nid the.T[-_sysFemhs (two t;ghen;(;l g_rﬁuEs 4bl;’;1nd Itwo na?hthyl
known that many carbonyl compounds present a lomglyi mg'etfosn'_':; diztﬁ/aese deza(?t?va'zli\g; t ?at%?/\r/aogy gFrgruP ﬂ;;/go_urs
n- 1t* state. Thet- 1 and n- 1¢* electronic transitions can be diarvialanines7b and7c the fl P Y .t ield val
nearby in energy, resulting in state-mixiig:he high values of larylalanines/b and fcthe Tiuorescence quantum yield vaiues
the molar absorption coefficient can be explaineg @ increase _significantly, due to the suppression b t

. : conjugation, especially for compoundb. Compound 7c
g;edommance oft~Tr" character in these compounds (Tableexhibits absorption and emission spectra that riyugisemble

those of naphthalerté.
The influence of the solvent in the absorption sp¢shape . .
is negligible for all compounds. The absence ofalfedouble Sqme charge transfer (CT) character of the exgtatb IS
bond in compounds7b and 7c, which does not allow possible to accur, the conjugated_ '\.IH group actingtias
conjugation between the aromatic moieties and with thgli(.:ttg%n gglgr Eé:n_l(_j thzsr%rgsgrc g:jo"?:]'es a;ggﬁﬁg?;rpng.l
carbonyl group, causes a shift of the lowest enatggorption Xcl W M In Py ! i

P 4,15 :
band to lower wavelengths, when compared withand 4c, d?”"a“"‘?sl- Howeyer, in these compoundte electron-
respectively (Figures 1 and 2). withdrawing properties of théert-butoxycarbonyl and of the

methyl ester groups may contribute to a decreastenCT
character.

From ab initio molecular quantum chemistry calculations,
obtained with Gaussian 09 softw&rand use of a 3-21+G(d)
basis set! the optimized geometries of compounrtls 4c, 7b
and 7c were obtained (Figure 3). In compounds with ¢hg-



double bond4b, 4c) the two aromatic substituents are roughly
perpendicular to each other. In compoufdsand7c there is a
change in the relative position of the two aromatuaieties.

Table 3. Maximum absorptioi 4,9 and emission wavelengths.{), molar absorption coefficients)(and fluorescence
guantum yields®g) for compounddb, 4c, 7b and7c.

-1 -1 a
Solvent Aabs (NM) €/10° Mem?) Aem(NM) P
4b 4c 7b 7c 4b 4c 7b 7c 4b 4c 7b 7c
296 (0.87gh
283 (3.21) 298 (1.47) 260 (3.32) 285 (1.12) 368 328
Cyclohexane 3 ¢ 38) 216 (7.90) 206 (6.39) 274 (0.90ph 3s2sh 05 318 559 0067 008 037 013
222 (8.27)
295 (0.90)h
_ 281(3.41) 297 (1.54) 262 (3.45) 285 (1.12) 368 328
Acetonitiile 504 5.06) 216(8.39) 203 (6.93) 275(0.91h  385sh 507 318 559 0025 0044 032 015
220 (8.52)
295 (0.91)h
281 (3.09) 298 (1.51) 261 (3.41) 285 (1.14) 369 327
Ethanol 201 (6.87) 216 (8.31) 205(6.56) 275(0.93sh 387sh  S0°  S19 33 0043 0035 040 023
220 (8.45)

2 Relative to anthracene in ethan®l £ 0.27 at 25 °C¥ for 3b and3c; relative to naphthalene in cyclohexad® € 0.23 at 25
oC)™: sh shoulder.

Figures 4 and 5 display the representation of HOMO and
LUMO molecular orbitals for the same four compourdshoth
compoundstb and 4c (Figure 4), the HOMO-LUMO transition
causes a significant increase in the electronicsitierof the
carbonyl group of the methyl carboxylate substituemore
significant for 4c. It can also be observed that thert
butoxycarbonyl moiety does not participate in the HOM _4
LUMO transition of these two compounds. :

Compound 4b

In compound 4c, the HOMO-LUMO transition implies
notable differences in the electronic density oé thaphthyl
substituents (Figure 4, below), with a charge trangfam one
naphthyl to the other and a decrease in the eldctdensity of
the nitrogen atom, confirming the significant chatgansfer (CT)
character of the excited state. This can justify ¢bmplete loss
of vibrational structure in the fluorescence enauissdf compound
4c, together with the red shift in polar solvents ¢4 between
cyclohexane and acetonitrile, Figure 1). A similahaviour Figure 4. Representation of HOMO and LUMO molecoidnitals of
(with a significant loss of vibrational structure the emission compoundsib (above) andic (below).
bands) was already observed for anothep,-
diaryldehydroalanine, the methy)(2-[(tert-butoxycarbonyl)-3-
phenyl-3-pyren-1-yllacrylate that exhibits a sgoconjugation
between adjacent aromatic moieti&s.

Compound 4c

HOMO LUMO

Compound 7¢

HOMO LUMO

Figure 5. Representation of HOMO and LUMO molecutabitals of
compoundgb (above) andc (below).

The HOMO-LUMO transition of compoundb (Figure 5,
above) causes strong changes in the electron genfsgeveral
atoms of this molecule. While the HOMO is completelgdted
at both biphenyl groups, upon HOMO-LUMO transition thex
a charge transfer from the biphenyls to dhearbon and nitrogen
atoms and also to the carbonyl of Boc group. Tharge transfer

Figure 3. Optimized geometries of compoudtis4c, 7b and7c obtained  justifies the almost complete loss of vibration&lusture in
by Gaussian 09 software (grey: C atoms; white:d#hat red: O atoms; blue:  fluorescence emission.

N atoms).




A completely different feature is observed for the HOMNd
LUMO orbitals of compoundc (Figure 5), that are completely
localized in the naphthyl moieties. For this reasdioth
absorption and fluorescence spectra of this motearg similar
to those of naphthalened; Figure 2).

The fluorescence studies reported here show tkdatter two

temperature controlled cuvette holder. Fluorescepeetra were
corrected for the instrumental response of theegyst

Fluorescence quantum yields: For fluorescence quanteld
determination, the solutions were previously bubbfed 30
minutes with ultrapure nitrogen. The fluorescenceanjum
yields @) were determined using the standard method (equatio

compounds Tb and 7c), due to their reasonable fluorescencel),'’

quantum vyields and distinct photophysical behaviczan be
useful as fluorescent markers.

3. Conclusions

The electrochemical behaviour of severalB,3-
diaryldehydroalanine derivatives was studied by icycl
voltammetry. The cathodic peak potentials showed thase
compounds can be considered activated alkenesharsdcbuld
be electrochemically reduced. Controlled potergiattrolysis in
the presence of an excess of a proton donor affortie
correspondingp,B-diarylalanines in good to high vyields. The
electrochemical reduction of thea,-double bond of
dehydroamino acids constitutes an alternative twe t
conventional chemical methods which use metals adysts.

The photopysical properties of two of tBe3-disubstituted
dehydroalanines and of the corresponding reducgicoducts
were studied. It was found that although the dehydni@es

_AFeng
AF
whereA is the absorbance at the excitation wavelerigtthe
integrated emission area amthe refraction index of the solvents
used. Subscripts refer to the reference (r) or $an(s)
compound.

P

o, (1)

4.1.Synthesis of compounds 1, 2 and 3:

The synthesis of compounds, 2°° and 3° was described
elsewhere.

4.2.General Procedure for the SynthesigZ#
diaryldehydroamino acid derivatives

To a solution of thepbrominated dehydroamino acid
derivative in THF/HO (1:1) the boronic acid?dChLdppf-CH,Cl,

show low quantum vyields their reduction products show(l:l) (10 mol-%) and GEO; (1.4 equiv.) wereadded. The

reasonably high fluorescent yields and could befulisas
fluorescent markers.

In summary, we have developed a new methodologyhier

reaction mixture was heated at 90 °C, and the w@actias
monitored by TLC until all thep,3-dibromodehydroalanine
derivative was consumed (1-3 h). The solvent was vetho

synthesis oB,B-diarylalanines from brominated dehydroalaninesunder reducegressure, and the residue was dissolved in ethyl

using a sequential Suzuki-Miyaura cross-couplinp¥eed by
the electrochemical reduction of tag-double bond.

4. Experimental Section

acetate (100 mL)The organic layer was washed with water and
brine (2x 30 mLeach), dried with MgS§) and the solvent was
removed. The residugas submitted to column chromatography.

4.2.1.Synthesis of compounds 4c, 4d and 5c:

Melting points (°C) were determined in a Gallenkamp Synthesis of compoundgc, 4d and 5¢c was described

apparatus and are uncorrectéd. and *C NMR spectra were

recorded on a Varian Unity Plus at 300 and 75.4 MHz

respectively or on a Bruker Avance kit 400 and 100.6 MHz,
respectively.'H-"H spin-spin decoupling and DERIT45° were

used. Chemical shifts are given in ppm and couptimgstants in
Hz. MS and HRMS data were recorded by the mass speetinp

service of the University of Vigo, Spain; elementablysis was
performed on a LECO CHNS 932 elemental analyser.

The reactions were monitored by thin layer chromatplgy
(TLC). Column chromatography was performed on Maeher
Nagel silica gel 230-400 mesh. Petroleum ether seferthe
boiling range 40-60 °C. When solvent gradient wasdushe
increase of polarity was made from neat petroleuhereto
mixtures of diethyl ether/petroleum ether, incregsil0% of
diethyl ether each time until the isolation of tireduct.

Cyclic voltammetry experiments were carried out gsanHi-
Tek potentiostat type DT 2101, and a Hi-Tek wave gsoe
type PPRI, connected to a Philips recorder type8@HB and to a
three electrode, home-built glass cell. For cotdtblpotential
electrolyses the electrochemical cell was a conweeati two-
compartment, three-electrode, home-built batchs agflithe type
illustrated elsewher&?

Spectroscopic measurements: All the solutions wezpgped
using spectroscopic grade solvents. Absorption spestere
recorded in a Shimadzu UV-3101PC UV-Vis-NIR
spectrophotometer. Fluorescence measurements weoenped
using a Fluorolog 3 spectrofluorimeter, equippedhwdiouble
monochromators in both excitation and emission amnd

elsewheré.

4.2.2.Synthesis of methyl 2-(tert-
butoxycarbonylamino)-3,3-diphenylacrylatéa:

The general procedure described above using condpaun
(160.3 mg, 0.45 mmol) and phenylboronic acid (3iejwas
followed to give4a as a white solid (92.24 mg, 58%). M.p.
122.0-123.0 °C (from diethyl ether/petroleum eth&d) NMR
(300 MHz, CDC}): 1.46 (s, 9 H, CkIBoc), 3.54 (s, 3 H, OCHi
6.06 (br. s, 1 H, NH), 7.11-7.14 (m, 2 H, ArH), 7.2207(t, 8
H, ArH) ppm.*C NMR (100.6 MHz, CDG): 28.15 [CCHJ)4,
52.00 (OCH), 81.23 [GC(CHs)g, 125.74 (C), 127.83 (CH),
128.08 (CH), 128.30 (CH), 128.75 (CH), 129.14 (CH), .89
(CH), 134.12 (C), 138.57 (C), 139.79 (C), 152.81 @}=166.55
(C=0) ppm. ppm. Calcd for £H,:NO, (353.42): C 71.37, H
6.56, N 3.96; found C 71.28, H 6.62, N 4.10.

4.2.3.Synthesis of methyl 3,3-di(biphenyl-4-yl)-2-
(tert-butoxycarbonylamino)acrylateib:

The general procedure described above using condpaun
(161.6 mg, 0.45 mmol) and biphenylboronic acid @8ie.) was
followed to give4b (184.3 mg, 81%) as a white solid. M.p.
108.0-109.0 °C (from diethyl ether/petroleum eth&d) NMR
(400 MHz, CDC})): 1.49 (s, 9 H, CKkIBoc), 3.61 (s, 3 H, OCH)i
6.18 (br. s, 1 H, NH), 7.25-7.27 (m, 2 H, ArH), 7.3447(m, 4
H, ArH), 7.44-7.49 (m, 4 H, ArH), 7.56-7.58 (m, 2 H, ArH),
7.62-7.65 (m, 6 H, ArH) ppmt*C NMR (100.6 MHz, CDG):
28.16 [CCHa3)3], 52.07 (OCH), 81.29 [AC(CHy)4], 125.75 (C),
126.74 (CH), 126.95 (CH), 127.00 (CH), 127.39 (CH), .427
(CH), 127.65 (CH), 128.77 (CH), 128.86 (CH), 129.70 (CH)



130.44 (CH), 133.16 (C), 137.46 (C), 138.74 (C),.280(C),
140.39 (C), 140.57 (C), 141.13 (C), 152.84 (C=0§.38 (C=0)
ppm. Anal. Calcd foiCs3H3,NO, (505.61): C 78.39, H 6.18, N
2.77; found C 77.87, H 6.64, N 2.73.

4.2.4.Synthesis of (S)-methyl 2-(2-(tert-
butoxycarbonylamino)-3-phenylpropanamido)-3,3-
diphenylacrylate,6a

(CH), 128.68 (CH), 128.74 (CH), 128.76 (CH), 129.04 (CH)
129.73 (CH), 138.58 (C), 139.24 (C), 139.92 (C),.140(C),
140.57 (C), 155.24 (C=0), 172.62 (C=0) ppm. Anal. Gdtr
Ca3H33NO, (507.63): C 78.08, H 6.55, N 2.76; found C 77.68, H
6.51, N 2.84.

4.3.3.Controlled potential electrolysis ofc
The general procedure described above udm@l35.4 mg,

The general procedure described above using condp8un 0.296 mmol) as substrate was followed to gieeof a colorless
(226.5 mg, 0.45 mmol) and phenylboronic acid (Ig6ie) was  oil (109.6 mg, 81%). The compound was purified byusm
followed to give6a (176 mg, 78%) as a white solid. M.p. 99.0- chromatography using diethyl ether/petroleum efli@rand then
100.0 °C (from diethyl ether/petroleum etheft NMR (400  1/8 as eluent. M.p. 55.0-56.0 % NMR (400 MHz, CDC)):
MHz, CDCk): 1.35 (s, 9 H, CklBoc), 3.10 (d J=6.4 Hz, 2H, 1.34 (s, 9 H, CKIBoc), 3.29 (s, 3 H, OCH)| 5.03 (br. dJ = 6.9
CH,), 3.57 (s, 3 H, OC}}, 4.33-4.39 (m, 1H, CH), 4.84 (br. s, 1 Hz, 1 H, NH), 5.31 (br. t)= 6.3 Hz, 1 HaCH), 6.12 (dJ=5.7

H, NH), 7.26-7.30 (m, 16 H, ArH+NH) pprfC NMR (100.6
MHz, CDCL): 6 = 28.17 [CCH,)3], 37.68 (CH), 52.07 (OCH),

Hz, 1 H,BCH), 7.41-7.48 (m, 6 H, ArH), 7.53 (d,= 5.1 Hz, 1
H, ArH), 7.62 (br. dJ = 5.1 Hz, 1 H, ArH), 7.77 (] = 6.3 Hz, 2

55.45 (CH), 80.38 [Q(CH,)3], 124.60 (C), 127.04 (CH), 128.10 H, ArH), 7.84-7.88 (m, 2 H, ArH), 8.10-8.18 (m, 2 H, ArH)
(CH), 128.11 (CH), 128.59 (CH), 128.72 (CH), 128.74 (CH) ppm. 13C NMR (100.6 MHz, CDGl 28.13 [CCH,):], 43.10

129.14 (CH), 129.48 (CH), 129.75 (CH), 136.18 (C),.284C),

137.80 (C), 139.21 (C), 155.20 (C=0), 165.91 (C=09.64

(C=0) ppm. Anal. Calcd fo3H3,N,Os (500.59): C 71.98, H
6.44, N 5.60; found C 72.14, H 6.57, N 5.60.

4.3.General procedure for the controlled potential etebtsis of
B, F-diaryldehydroamino acids

A solution of EfNCI (0.1 mol dn?; supporting electrolyte)
and E{NHCI (0.04 mol dn¥; proton donor) in acetonitrile was
added to a three-electrode cell. To its cathodmopmartment the
,B-diaryldehydroamino acid derivative was added argydic
voltammogram recorded. The potential was adjusted w@alue
50 mV more negative than that corresponding to tep€ak
and the electrolysis started, the reaction beingiitoed by
HPLC. When all starting material had disappearesl ctintent of
the cathodic compartment was concentrated at redpiessure
and the residue partitioned between 106 ofrdiethyl ether and

(BCH), 52.08 (OCH), 57.01 CH), 80.07 [GC(CHs)s], 122.85
(CH), 122.96 (CH), 125.26 (CH), 125.43 (CH), 125.51 (CH)
125.62 (CH), 125.85 (CH), 126.26 (CH), 126.45 (CH), .626
(CH), 127.85 (CH), 127.97 (CH), 128.99 (CH), 129.14 (CH)
131.24 (C), 131.95 (C), 133.93 (C), 134.13 (C), .335(C),
136.79 (C), 155.16 (C=0), 172.67 (C=0) ppm. Anal. Gdtr
CygH,9NO, (455.54): C 76.46, H 6.42, N 3.07; found C 76.44, H
6.60, N 3.14.

4.3.4.Controlled potential electrolysis ofd

The general procedure described above udithd58.1 mg,
0.115 mmol) as substrate was followed to giceas a white
solid (45.4 mg, 78%). The compound was purified biumn
chromatography using diethyl ether/petroleum effi@rand then
1/8 as eluent. M.p. 110.0-111.0 é8.NMR (400 MHz, CDC)):
1.34 (s, 9 H, CKBoc), 3.35 (s, 3 H, OCHl 3.35-3.37 (m, 4 H,
2 CH,), 5.00 (br dJ=8.4 Hz, 1 H, NH), 5.25 (br §=7.5Hz, 1
H, aCH), ), 5.87 (dJ = 6.9 Hz, 1 HBCH), 7.21-7.25 (m, 5 H,
ArH), 7.34-7.43 (m, 2 H, ArH), 7.56-7.78 (m, 3 H, ArH)npp

25 cnf of water. The organic phase was washed with water antiC NMR (100.6 MHz, CDG): 28.15 [C(CH)3], 29.82 (CH),

brine (2x 25 cnf each). After drying over MgSQthe extract
was taken to dryness at reduced pressure.

4.3.1.Controlled potential electrolysis ofa

The general procedure described above udmd74.8 mg,
0.212 mmol) as substrate was followed to ghaeas a white
solid (63.7 mg, 85 %). M.p. 89.0-90.0 °C (from kit
ether/petroleum etheH NMR (400 MHz, CDCJ): 1.38 (s, 9 H,
CH; Boc), 3.51 (s, 3 H, OCHji 4.38 (d,J = 6.3 Hz, 1 HBCH),
4.85 (br. dJ = 6.3 Hz, 1 H, NH), 5.08 (br. § = 6.6 Hz, 1 H,
aCH), 7.25-7.32 (m, 10 H, ArH) ppm®C NMR (100.6 MHz,
CDCly): 28.18 [C(CH3)s], 52.00 (OCH), 53.68 BCH), 56.80

30.46 (CH), 42.40 B-CH), 52.08 (OCH), 57.05 @-CH), 79.95
[OC(CHy)s], 118.57 (CH), 118.84 (CH), 118.97 (CH), 119.2
(CH), 119.27 (CH), 126.95 (CH), 127.47 (CH), 127.9H)C
128.21 (CH), 130.01 (C), 131.43 (C), 132.80 (C),.4389(C),
139.71 (C), 145.25 (C), 145.45 (C), 146.46 (C)6.10 (C),
155.30 (C=0), 171.79 (C=0) ppm. Anal. Calcd €gHsNO,
(507.62): C 78.08, H 6.55, N 2.67; found C 77.88, BI16N
2.72.

4.3.5.Controlled potential electrolysis odc

The general procedure described above uSing90.2 mg,
0.224 mmol) as substrate was followed to @deeas 1:1 mixture

(aCH), 80.12 [@(CHg)s], 127.03 (CH), 127.14 (CH), 128.25 of diastereomers (68.4 mg, 76%). The diastereonvezse

(CH), 128.48 (CH), 128.58 (CH), 128.70 (CH), 139.58,(C) separated

140.21 (C), 155.18 (C=0), 172.65 (C=0) ppm. Anal. Gdtr

CyH2sNO, (355.43): C 70.96, H 7.09, N 3.94; found C 70.55, H

7.05, N 4.02.

4.3.2.Controlled potential electrolysis ofb

The general procedure described above uding63.5 mg,
0.126 mmol) as substrate was followed to gAleas a white
solid (50.3 mg, 79%). M.p. 162.0-163.0 °C (from tlolé
ether/petroleum etherH NMR (400 MHz, CDCJ): 1.39 (s, 9 H,
CH; Boc), 3.57 (s, 3 H, OCHi 4.49 (d,J = 6.3 Hz, 1 HBCH),
4.93 (br. dJ = 6.6 Hz, 1 H, NH), 5.17 (br. § = 6.6 Hz, 1 H,

by column chromatography
ether/petroleum ether 1/5 as eluent to give:

M.p. 134.0-135.0 °CH NMR (300 MHz, CDCJ): 1.36 (s, 9
H, CH; Boc), 3.43 (s, 3 H, OCH 4.93 (br. dJ = 7.8 Hz, 1 H,
NH), 5.10-5.22 (m, 2 HICH + BCH), 7.15-7.33 (m, 5 H, ArH),
7.42-7.56 (m, 3 H, ArH), 7.67 (br. d= 6.9 Hz, 1 H, ArH), 7.78-
7.86 (m, 2 H, ArH), 8.05-8.08 (m, 1 H, ArH) ppfiC NMR
(100.6 MHz, CDCJ): 28.17 [CCHa)i, 49.25 (CH), 51.95
(OCH,), 57.34 (CH), 80.14 [O(CHs)s], 123.15 (CH), 124.82
(CH), 125.30 (CH), 125.55 (CH), 126.34 (CH), 127.17 (CH)
127.92 (CH), 128.43 (CH), 128.52 (CH), 128.97 (CH), .032

using diethyl

aCH), 7.34-7.46 (m, 10 H, ArH), 7.54-7.59 (m, 8 H, ArH) ppm (C), 134.17 (C), 134.69 (C), 139.66 (C) 155.09 (C=0)3.09

¥C NMR (100.6 MHz, CDG): 28.21 [CCH,)3], 52.13 (OCH),
53.08 BCH), 56.80 ¢CH), 80.24 [QC(CH,)s), 126.97 (CH),
126.99 (CH), 127.22 (CH), 127.28 (CH), 127.32 (CH), .427

(C=0) ppm. Anal. Calcd foC,sH,,NO, (405.49): C 74.05, H
6.71, N 3.45; found C 73.89, H 6.75, N 3.55.



Oil, *H NMR (400 MHz, CDCJ): 1.41 (s, 9 H, ChiBoc), 3.56
(s, 3 H, OCH), 4.88 (br. dJ = 6.9 Hz, 1 H, NH), 5.25 (br § =
4.8 Hz, 1 HACH), 5.33 (d,J = 4.8 Hz, 1 HBCH), 7.22-7.31 (m,

5 H, ArH), 7.41-7.51 (m, 3 H, ArH), 7.72 (br. 3= 5.4 Hz, 1 H,
ArH), 7.78 (br dJ = 6.0 Hz, 1 H, ArH), 7.82-7.84 (m, 1 H, ArH),
7.97-7.99 (m, 1 H, ArH) pprt*C NMR (100.6 MHz, CDG):
28.22 [CCHy)4], 47.97 (CH), 52.25 (OCH, 57.04 (CH), 80.19
[OC(CHa)], 123.52 (CH), 125.03 (CH), 125.34 (CH), 125.44
(CH), 126.16 (CH), 127.21 (CH), 127.87 (CH), 128.68 (CH)
128.76 (CH), 128.84 (CH), 131.41 (C), 133.99 (C),.336(C),
139.45 (C) 155.33 (C=0), 172.54 (C=0) ppm. Anal. Cdhmd
C,sHNO, (405.49): C 74.05, H 6.71, N 3.45; found C 74.61, H
7.07, N 3.45.

4.3.6.Controlled potential electrolysis o8a

The general procedure described above uSad75.0 mg,
0.15 mmol) as substrate was followed to gdaeas mixture of
diastereomers (64.8 mg, 86 %).

'H NMR (300 MHz, CDCJ): 1.36 (s, 9 H, CK Boc), 2.89-
3.01 (m, 2H, CH), 3.48 and 3.50 (2s, 3 H, OGH4.26-4.43 (m,
1H, CH), 4.72 and 4.90 (2 br s, 1H, NH), 5.33-5.37 (hh, CH),
6.22-6.27 (m, 1H, CH), 7.03-7.28 (m, 16 H, ArH+NH) ppra.
NMR (100.6 MHz, CDCJ): 28.16 [CCH,)s], 37.83 and 38.17
(CH,), 52.10 and 52.16 (OG}H 53.13 and 53.72 (CH), 55.23 and
55.55 (CH), 80.13 [O(CHs)3], 127.11 and 127.15 (CH), 127.30
and 127.37 (CH), 128.15 and 128.16 (CH), 128.45 &&i51
(CH), 128.55 (CH), 128.73 (CH), 128.74 and 128.84 (CH),
129.22 and 129.29 (CH), 136.43 (C), 139.16 and 139Q),
139.82 and 139.87 (C), 155.14 (C=0) 170.91 and B7(Ct0),
171.54 and 171.66 (C=0O) ppm.
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