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Abstract: The N-alkylation of primary nitrophenylsulfonamides followed by removal of the
nitrophenylsulfonamide moiety under nucleophilic conditions to provide secondary amines has become an
established literature procedure. Application of this methodology with less reactive alkylating agents can give
rise to side products resulting from a nitrogen to carbon transfer of the nitrophenyl ring. This side product
predominates when tetrabutylammonium hydroxide is used in place of metal carbonate bases in the N-
alkylation step. © 1999 Elsevier Science Ltd. All rights reserved.
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Recently several reports have appeared on the use of o-and p-nitro-phenylsulfonamides towards
selective N-alkylation of primary amines'*” and esters of a-amino-acids.'“? The synthetic sequence supplants
the use of the analogous tosylate and methanesulfonate protecting groups which require more forceful
methods for their removal.” The scheme begins with the generation of a secondary nitrophenyl-sulfonamides
from the appropriately substituted amine followed by alkylation under various basic conditions. Subsequent
removal of the nitro-phenyl moicty through an S Ar aromatic displacement of the nitro-phenyl ring via a
Meisenheimer complex affords the desired secondary amine 3 and a 2- or 4-substituted nitrobenzene
(Scheme 1). Various approaches have incorporated remote polar functional groups into the nucleophile

moiety in order to facilitate purification by simple aqueous, or solid phase extraction. '
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Scheme 1. General Nitrophenylsulfonamide N-Alkylation Procedure
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This procedure has found utility with esters of o-amino-acids in the solution phase as well as the generation of

N-alkyl peptides on solid support. **° Although the reactions are re

2
=

ted to proceed in
iodide, benzyl halides and allyl bromide, unactivated alkylating agents are reported to give only moderate to
good yields of desired products. A recent report has described the generation of a byproduct produced under
forcing conditions with both o- and p-nitrophenyls 1activated alkyl
bromide.'® Complete analytical characterization was not reported, however the impurity was postulated to be
product 4 produced from a Stevens type rearrangement followed by an intramolecular attack of the amine
anion into the nitrophenylsulfonamide ring. That is, the nitrogen to o-carbon migration of the p

introduced alkyl group followed by a S Ar attack of the amine into the aromatic ring to give product 4

(Scheme 2). This byproduct was reported in 7% yield in one example.
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Scheme 2. Proposed impurity formed under prolonged heating
We now propose an alternative structure for 4 and describe a method for the efficient generation of o-

substituted-a-2- or 4-nitrophenyl-0i-amino esters.

In the course of investigating the application of the N-alkylation scheme to a series of N-p-
nitrobenzenesuifonamide substituted teri-buiyl esters of naturally occurring ti-amino acids an alternate method
for the removal of the nitro-phenylsulfonamides group was investigated. The initial approach used the
reaction of strongly basic amberlite resin in the attempted SnAr attack of hydroxide into the 4 position of the
p-nitrophenyl ring to provide desired product 3a along with p-nitrophenol. It was envisioned the phenol
would be sufficiently acidic to form a salt with the quaternary amine moiety of the Amberlite® resin.

Filtration should then allow for the removal of the phenoxide byproduct as in the manner of an ion exchange
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a single
product was formed which was tentatively assigned the structure 4a by '"H NMR analysis (Scheme 3).

Mass spectral analysis was consistent with an absence of SO, (m-64). 'H NMR revealed the o-methine proton

e Y

(4.83 ppm) had vanished and a new signal (triplet) appeared at 2.97 ppm integrating for a single proton.
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Scheme 3. 'H NMR assignment of 4a

A subsequent D,0 wash indicated the proton was exchangeable with solvent. In addition the
methylene protons corresponding to the benzylic position of the N-4-bromobenzyl moiety also display
simplification in nuclear coupling upon exchange of the nitrogen proton with deuterated solvent implying
direct coupling with the exchangeable N-H. Based on the chemical shift of the N-H proton with its coupling
to the benzylic protons of the N-benzyl group we were confident of our assignment. Several unsuccessful
attempts were made to crystallize the product for X-ray confirmation. The lipophilic nature of 4a would only
allow for the formation of low melting solids unsuitable for such an analysis. However, the HCI salt of the

related N-methyl analog 4b gave suitable crystals for X-ray crystallographic analysis (Figure 1). The racemic

nature of 4b was confirmed by the presence of ¢ glide planes in the crystal lattice.
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Further investigation revealed that product 4 could be obtained by simply stirring 2 with a stoichiometric
amount of 50% aqueous tetrabutylammonium hydroxide in dioxane at room t mp for 0.25 hr. Other bases
gave no ot trace of amounts of 4b (Table 1). Heating 2b at 80 °C with two equivalents Cs,;CO; for 24 hr
provided 4b in 4.7% yield after chromatography and crystallization. The balance of material remaining was

accounted for in unrearranged 2b. In comparisor
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product 4b entries Z and 6.

C —\ NHiMe
2b 4b
Entry Base® Yield
1 K t-butoxide 28
2 Cs,CO5" 4.7
3 NaH® trace
4 2 M NaOH" none
5 Amberlite IRA-400(OH)" 60
6 50% aqu. BuyN*OH" 69

a) All reactions were conducted at rt unless otherwise noted. b) Heated

at 80-85 °C for 24 hr.

The rearrangement is believed to result from the intramolecular nucleophilic attack of the enolate 5 into the
nitrophenyl ring to generate the Meisenheimer intermediate 6 (Scheme 4). Subsequent electron rearrangement
followed loss of SO, gas gives products 4a-g in good yield. An analogous rearrangement has been reported

for a 9-(N-4-nitrobenzenesulfonyl-N-methylamino) fluorene system* and 2-cyano-(N-4-ntirobenzenesulfonyl)-

acetamide.’
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Evidence for this intramolecular mechanism includes an HPLC experiment wherein equal molar amounts of

products corresponding to intramolecular products 4d and 4f. No traces of crossover products were observed

by HPLC comparison to authentic samples 4¢ and 4e (Figure 2).
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derivatives give cleaner products than the corresponding N-ortho-nitro analogs entries 3, 4 and 5, 6. This is
presumably due to unfavorable steric interactions in the 4-membered transition state. Multiplc

terized proa‘acls account for the mass balance of ¢
major observed product with threonine (O-tBu) entry 5. All N-p-nitrobenzenesulfonyl derivatives gave good
yields of the rearranged products. The intramolecular transfer of the p-nitrophenyl group appeared to be
unaffected by the nature of the R group and the -substituent on the amino ester. The more sterically

demanding phe, val, and thr amino-esters provided products in similar yield to the less demanding ala, entries

nitrophenyl when Cs,CO3; was used as base entries 2 and 11 and accompanying footnotes.
Not surprisingly, the nature of the ester appears important in that saponification competes with enolate

formation/ aryl migration when BuyNOH is used as base entries 4 and 7.
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Table 2. Yields of Rearranged Products 4 Upon BuyNOH Treatment of 2

NO, o NO,
o R #A4 By NYOLT il Wh
& M UU4| N U )W
—_— )
o)\( s RO™ N
AA O2 dioxane AA R
2 4
Entry Number NO, Ester (R") Amino Acid (AA) R Yield®

1 4a para tert-Bu- phe 4-BrBn- 76
2 4b para tert-Bu- val Me- 69°
3 dc para tert-Bu- val Bn- 78
4 4d ortho tert-Bu- val Bn- 21
5 4e ortho tert-Bu- thr(Ot-Bu) Bn- 12
6 4f para teri-Bu- thr{(Ot-Bu) Bn- 60
7 4g ortho Me- val Bn- 5.4°
8 4h para tert-Bu- ser(t-Bu) Me- 78
Q narn rort D val Pal i ie S Wil 21
z ai para WLh-ou vdi (IS s 5 O s UL o1
10 4i nara tert_Ru_ ala Aa_ T4

0 4j para ert-Bu ala Me 14
11 4k ortho tert-Bu- val -{CH;);C=CH; i

a) Yields based on isolated products. b) 4.7% yield when Cs,CO; was used in place of BuyNOH to promote
rearrangement. ¢) Major product was unrearranged acid. d) ) 4.9% yield when Cs,CO; was used in place of Bu,NOH.

In conclusion the use of nitrophenylsulfonamide activation towards the monoalkylation of secondary
amines derived from amino esters has found general utility in the current literature. However when the
scheme is applied to unactivated alkylating agents under more rigorous reaction conditions a byproduct
derived from the intramolecular transfer of the nitrophenyl group to the o-carbon of the amino ester was
observed. Although this rearrangement product is produced in less than 10% yield when the precursor
transformation proceeds in higher yield with N-p-nitrobenzenesulfonamide than with the corresponding N-o-
nitrobenzenesulfonamides although complete consumption of starting material occurs in both. This
intramolecuiar transformation may explain some of the abbreviated peptidic impurities reported with the use

of this methodology on the solid supported synthesis of peptides. ***

EXPERIMENTAL

General

All reagents and solvents were obtained commercially and used without further purification or drying.
Melting points were determined on a Thomas Hoover Unimelt melting point apparatus and are uncorrected.
Analytical HPLC were performed on a Alltima C18 column (4.6 mm ID, 15cm length , the mobile phase

(acetonitrile/ water, 1.0mL/ min) with a linear gradient of 40%-90% acetonitrile over 14 min. Detection was at
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210 nm. Mass spectra were obtained on a Fison Instruments VG Platform II mass spectrometer using
atmospheric pressure chemical ionization in both positive and negative switching modes. Proton NMR were
recorded on a Varian Unity 400. The chemical shifts are reported in parts per million and the J values in hertz.
Infrared spectra were recorded on a Matson FT-IR.

Synthesis of Sulfonamides

A) General Method for alkylation of sulfonamide o-amino-esters
(N-4-Bromobenzyl-N-(4-nitrophenylsulfonyl)-L-phenylalanine tert-butyl ester) 2a

To a solution of the sulfonamide 2a (1.5 mmol) in DMF (10mL) was added Cs,CO; (2.3 mmol) followed by
4-bromobenzylbromide (1.5 mmol) in one portion. The resulting mixture was stirred 16 h at room temp. The
mixture was diluted with 1:1 EtOAc/Et,0 (30 mL) washed with sat. brine (4x20 mL), and dried MgSO,. The

£1. L =Y /1 Tlal™ A PR

mixture was filtered uuTOi.igu a pad of flash silica agei(iog ) with EtOAc eluent and concentrated on a rotary
svananratar tn nravide (N8 o RO of o lioht vallaw a1l which ealidifiad an ctandine mn 1IN0 S o TD.

VYOGPRAAGLUL U PRUVIUL (V.U 4 £, UV /U UL A SIS yULIU WY ULL WL SULIILIVA Vil StAUIUIE, U LUZ.J . N

Vmax 2978w, 17395 (CO), 1529s (NO,), 1368m, 1350s (SO/NO»), 1164s, 1134s, 'H NMR (CDClL3):81.25(9
H, s, t-Bu), 2.86 (1 H,dd. J 7.7, 14.5) and 3.61 (1 H. dd, J 7.2, 14.9, PhCH,), 4.38 (1 H, d, J 15.9) and 4.67
(1H,d, J159,4-Br-PhCH>), 4.83 (1 H, t, 7 7.7, a-CH), 7.06-7.11 (4 H, m, ArH), 7.21-7.33 (5 H, m, ArH),
7.77-7.79 (2 H, m, ArH), 8.18-8.22 (2 H, m, ArH). MS: m/z (APCI, AP) 575 [M]. CysH27BrN>0gS. Calcd:
C,54.27.H, 4.73; N, 4.87; Br,13.88. Found: C, 54.35; H, 4.68; N, 4.83; Br, 5.55.

(N-Methyl-N-(4-nitrophenylsulfonyl)-L-valine tert-butyl ester) 2b

Paie yeliow oii (71%). H NMR (CDCl3): 6 0.98 (3 H d, J3.5) and 1.00 (3 H, d, J 3.5, CH(CHza)p), 1.26 (9 H,
s, t-Bu), 2.05-2.14 (1 H, m, CH(CH3),), 2.92 (3 H, s, N-CH3), 4.06 (1 H, d, J 10.6, c-CH), 8.00-8.03 (2 H, m,
AXIV © 1237 O 28 /H LT . A LTI 13h\rlln§rﬁ1‘\r‘|\ 12 Q 1TAN NN £ MM O NAEN LN O Ffoa OITN ™MT N 1100
AT}, 8.24-0.30 (<4 11, 11}, tun). C INIVIN O \\/U\Jl}). 13.0, 14U, £4.U, LL£.0, 4DV, DU.O {LX-LT1), //.U, 110.7,
1718 1AND FA- QY 144 Q2 1A A MO m/» (ADCT ADYII)INMAYT . H. NN Q Calnad- ™ &1 AN- T A &N
LLdady LYV L \nl kx\)/, 15777, 0, 1VUDWUL AV, ML L \nl Ry AL ) IS llvl J - b]bllw‘zubu. o@ibAL Ny J1.UU, 11, V.JU,
N, 7.43; 8, 8.61. Found: C, 51.73; H, 6.64; N, 7.52; §, 8.50.

(N-Benzyl-N-(4-nitrophenylsulfonyl)-L-valine tert-butyl ester) 2c

Pale yellow o0il (87 %). IR: Vimax 2972, 1722s (CO), 1537s (NO,), 1368m, 1352s (SO/NO»), 1167s, 1138s. 'H
NMR (CDCl3): 8 0.92 (3 H,d, J5.3)and 0.94 (3 H, d, J 5.3, CH(CH3)2) 1.38 (9 H, s, t-Bu), 2.04-2.14 (1 H,
m, CH(CH;),), 4.21 (1 H,d, J 10.8, a-CH), 447 (1 H,d, J 148) and 4.74 (1 H, d, J 14.8, PhCH,), 7.13-7.38
(5 H, m, ArH), 7.69-7.72 (2 H, m, ArH), 8.11-8.14 (2 H, m, ArH). MS: m/z (APCI, AP 448 [M7].

=5 N o ~ o A -v

CHsN,O6S. Caled: C, 58.91; H, 6.29; N, 6.25. Found: C, 58.95; H, 6.31; N, 5.86.

Pale yellow solid (89%). mp 76.5-77.0 °C. IR: Umax , 15475 (NQ;), 1376m, 1348m
(SO./NO;), 1159s. "H NMR (CDCl5): § 0.86 (3H, d, J6.7) and 0.92 (3 H, d, J 6.7, CH(CH;),), 1.35 (9 H, s,
t-Bu), 2.01-2.16 (1 H, m, CH(CH»),),4.17 (1 H,d, J 10.0, «-CH),4.56 (1 H,d, J 154)and 498 (1 H,d, J
15.4, PhCH;), 7.16-7.19 (3 H, m, ArH), 7.39-7.47 (3 H, m, ArH), 7.57-7.58 (2 H, m, ArH), 7.73 (1 H, m
ArH). MS: m/z (APCI, AP) 448 [M]. C;uHgN>O6S. Caled: C, 58.91; H, 6.29; N,6.25. Found: C, 58.92; H,
6.25; N, 6.04
(N-Benzyl—N-(.?—mtrophen yisulfonyl)-L-(O-tert-butyl)threonine tert-butyl ester) 2e
Pale yeliow oil (71%0). IR: vmax 2977s, 1736s (CO), 15455 (NO3), 1369s, 1356s (SO»/NO»), 1190m, 1144s
lll\vlln/ﬁhﬂl\ STt1T 12 /00T | 1IN 1 D /LY A 1 £ & MNIT N 1 AZ MM TYT . « L..a. IV A 11T A1 /A1 TX e
nNMR (COCRj: 0 1.13 (Y n, 8, t-ouiyl), 1.55 (3 i, a, s 0.5, Cns), 1.43 (Y n, 8, t-outyl), 4.11-4.51 {1 0, in,
FVNTAOTT M DY A £ 71 1T A2 F1& A\ n- A &N 71 1T R T1& A DLANIT Y AN 1T IT A T2 A e LI 7117 19
Cco(Lns)Ut-pu), 4.05 (1 1, 4, J 15.4)anad>.ub (1 1, 4, J 15.4, roCip), 4./uil n, 4,y 3.4, 0-Ln)j, /.11-/.14
(T v AvIIN 797 7T RA (AT v AvIIY MQ- /> FADCT ADNYSNA TAMYT C._H. N.OLC Calnd- C §S0927-H
\J XL, B, /ML), 7.47-7.J9\U 11, 1l, OMLL), IVAS. IV L I S dy [0 J JUU LUVL |« WISEL34IN DU T valvl, oy J 7,47, K1,
6.76; N, 5.53; §, 6.33. Found: C, 59.64; H, 7.03; N, 5.87; S, 5.97.
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(N-Benzyl-N-(4-nitrophenylsulfonyl)-L-(O-tert-butyl)threonine tert-butyl ester) 2f
Clear glass (79%). IR: vmax 2977s, 17385 (CO), 1531s (NO,), 1368m, 1350s (SO/NO,), 1165s, 1144s. 'H

NMR (CDCls): 6 1.09 (9 H, s, t-butyi), 1.24 (3H, d, J 6.2, CH3), 1.40 (9 H, s, t-butyl), 4.42-4.45 (1 H, m,
CH(CH;)Ot-Bu), 4.55 (1 H,d, J 3.4, a-CH), 4.72 (1 H, d, J 15.7) and 4.82 (1 H, d, J 15.7, PhCH,), 7.19-7.21

N "7 A 1 AT ¢ el <a i IR S ¢ LW )

(3 H, m, Artl), 7.46-7.47 (2 H, m, ArH), ), 7.65-7.67 (2 H, m, ArH), 8.13-8.15 (2 H, m, ArH). MS: m/z

(APCI, AP") 506 [M]". C2sH34N,05S. Caled: C, 59.27; H, 6.76; N, 5.53; S, 6.33. Found: C, 59.52; H, 7.01; N,
5.38; S, 6.18.

(N-Benzyl-N-(2-nitrophenylsulfonyl)-L-valine methyl ester) 2g

Pale yellow oil (70%). IR: vnax 2975w, 17385 (CO), 15425 (NO;), 1368m, 1340s (SO»/NO;), 1142m, 1158m.
'"HNMR (CDCl3): $0.85 (3 H, d, J6.8) and 0.88 (3 H, d, J 6.6, CH(CH3),), 2.05-2.15 (1 H, m, CH(CH3),),
3.52(3H, s, OCH3),4.27 (1 H,d, J 10.3, a-CH), 4.51 (d, J 15.1) and 4.88 (2 H, d, J 15.4, PhCH,), 7.09-7.19
(3 H, m, ArH), 7.31-7.40 (3 H, m, ArH), 7.51- 755 (2H m, ArH), 759 (1 H,d, J 7.8, ArH) MS m/z (APCI,

AP) 406 [MT. CgH2N,O6S. Caicd: C, 56.15; H, 5.46; N, 6.89; S, 7.89. Found: C, 56.41; H, 5.45; N, 6.85; S,
7.70.

(N-Methyl-N-(4-nitrophenylsulfonyl)-L-serine (t-Bu) tert-butyl ester) 2h

Pale yellow 0il (93%). IR: vyay 3109w, 2976s, 17425 (CO), 1531s (NO»), 1366s, 1348s (SO/NO,), 1141s. 'H
NMR (CDCl3): 8 1.13 (9 H, s, t-Bu), 1.39 (9 H, s, t-Bu), 2.98 (3 H, s, NCH3;), 3.69- 3.78 (2 H, m, CH,Ot-Bu),
4.73 (1 H, m, a-CH), 8.03-8.05 (2 H, m, ArH), 8.31- 8.33 (2 H, m, ArH). MS: mv/z (APCI, AP 416 [MT.
C1sH2sN,08. Caled: C, 51.91; H, 6.78; N, 6.73; S, 7.70. Found: C, 51.77; H, 6.84; N, 6.59; S, 8.00.

(N-2-ethylcyclohexyl-N-(4-mtrophenylsulfonyl )-L-valine tert~butyl ester) 2i

eyeuow oil (78%). IR: vmax 3104w, 2928s, 17345 (CO), 1528s (NO»), 1
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(N-Methyl-N-(4-nitrophenylsulfonyl)-L-alanine tert-butyl ester) 2j

Pale yellow solid (89%). mp 78-79 °C. IR: vmax 3109w, 2982m, 1731s (CO), 1524s (NO»), 1370m, 1341s
(SO»/NO»), 1192m, 1155s. "H NMR (CDCl): § 1.32 (9 H, s, t-Bu), 1.41 (3 H, d, J 7.3, CHCH3), 2.89 (3 H, s,
NCH;), 4.68 (1 H, q, J 7.3, o-CH), 7.26-8.05 (2 H, m, ArH), 8.32-8.36 (2 H, m, ArH). MS: m/z (APCI, AP")
344 [M]. C14H0N>06S. Caled: C, 48.83; H, 5.85; N, 8.17; S, 9.31. Found: C, 48.79; H, 5.81; N, 8.13; S,
9.05.

AT A o A T AT /7Y L T 1L nr ....1°.. —d L__d..T ~d ) M.
(L{V=S=PENLENRYI-IN~(L-TNUTOPRENYISULJONYL )= L~-VULLILE LETI=UULYL ENLET } &N

Palo vallaw il (Q10) TR 1y 108w 2070c¢ 174 (CONY 1645w (C=(N 1528¢ (IN().) 1371c¢ 134R¢

aiC yUnUvy Vi \71 70/, 1. Umax < AUV, 277 US, X T47T0 (W) AUTOVW (W8 7y 1J203 U j, 20715, 19005
(SO2/NO»), 1142s. '"H NMR (CDCl3):  0.98 (3H, d, J 6.5) and 1.03 (3 H, d, J 6.6, CH(CH3),), 1.29 (9 H, s,
t-Bu), 1.66-1.91 2 H, m),2.00-2.19(3H, m),342-351 (2H,m), 403 (1 H, d,710.1, a-CH), 4 96-505 (2 H,
m, =CH>), 5.74-5.81 (1 H, m, CH=CH,), 7.55-7.57 (1 H, m, ArH), 7.63-7.69 (2 H, m, ArH), 8.01-8.04 (1 H
m, ArH). MS: m/z (APCI, AP") 426 [M]. Ca0H30N,06S. Caled: C, 56.32; H, 7.09; N, 6.57; S, 7.52. Found: C,
56.57; H, 6.95; N, 6.53; S, 7.60.

Rearrangements

(N-4-Bromobenzyl-2-(4-nitrophenyl)-phenylalanine tert-butyl ester * nyam hloride) 4a

A G RPN L . OIS D, SRSV LIRS 4 T - Y ne bamrndan] teriéh fnbenbiiate:) amnnniizen herdenwi A FANG were
A SOLULLOnN O Suiion HUC Ld 111 UIOAGIIC (1.0 11L) Wd> tiCdlcd Wiin teue Uulyl TUHIIUIIULE BYUTUALIUC (FU70 Wi
solution in water, 1.5mmol). The resulting mixture was stirred 0.25 hr at room temperature before filtering
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through a plug of silica gel (flash, 230-400 mesh, 5.0 g) with EtOAc eluent and concentrating. The dark
residue was dissolved in CHCI; and purified by flash chromatography EtOAc/ hexane to provide (0.11 g,
76%) of a clear oil. Treatment with saturated ethereal HCI and crystallization from EtOAc/ hexane provided

tha hy, Aer‘Gm 1da calt whisnh urac ~h 7 ot TR. MNTILs 170 7NN 1ENAL /NI 15N

ull DYGISuoTiae san wiliCn was characterized 1 ip 137 °C. IR: VUmax £7708, 17308 {LU}, 102458 (INU), 135US
(NO;), 1180¢g ’umn} (DMSO. A 8123701 ¢ t.Rn) 207 (1 Kt 777 NHY 2724.2 20 /9 LT
ALNRST )y X 2.0US. B ANIVIIN WAV TUG . U 1.0 7 (7 11, 3, CDUJ, 4.7 1 \1 1L, UL, J [.70, INIL), 3.49-3.30 (4 n, 111,
PhCH>), 347 (1 H,dd, J 7.7, 13.5) and 3.61 (1 H,dd, J 7.2, 13.5, 4-Br-PhCH,), 6.90-6.92 (2 H. m_ ArHD)

2227, e LR B PRL VLY P s 20 QS 2.1 [ ey iy ey TTASATL LINEAT ), V. TVUTU. T L (4 AL, AXk, LMXL),
7.11 3H, m, ArH), 7.29 (2 H, m, J 8.4, ArH), 7 754(4H m, AH),8 12(2 ,dJ 8.
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(N-Methyl-2-(4-nitrophenyl)-valine tert-butyl ester - hydrochloride) 4b
White solid (69%). mp 177-179 °C. IR: vpax 2973m, 1732s (CO), 1524s (NO,), 1350s (NO,), 1155s. 'H NMR

7al e Y VWi WA Wir B i 5 1( 1 e B al 8 ¥ 7alt RN -2 A & ] s

{CBC3): 00.65(3H,d,76.7)and 0.84 (3 H, d, J 6.7, CH(CHa),), 1.51 (9 H, s, t-Bu), 1.54 (i H, br s, NH),

N AAMLT ¢ NOITY D 2201 LT se CLIOITINY T £Q TT2LT s A-LIY Q 11 Q 10 /MM LY o A XNy 3 amam g
L0395 11, 5, INUn3), £.05 (1 01, M, Ll rigjy), /.00-7./5 (<4 n, M, Alri), 6.11-6.1¥ (£ I, ill, Aff1). U NIVIK 0
(CTY 1. 127A 172 23N 295 D1 INT (v CHY R1Q 1180 19274 Q 1A A NN Ar(NY 1421 18077 NMC.

ANl niFfe RLUy 1 0.0, LDV, oDy Jhrdy [Vl \WATIE1), OX.7y 240.7, 1L7.6, 207U UVl av )y, 27501, 1JF.7. 105,

m/z (APCI, AP) 308 [MT. CsH;4N;O4 - HCI. Calcd: C, 55.73; H, 7.31; N, 8.12; Cl, 10.31. Found: C, 55.59;

H, 7.26; N, 8.02; Cl, 10.28

(N-Benzyl-2-(4-nitrophenyl-valine tert-butyl ester + hydrochloride) 4c
Pale yellow solid (78%). mp 149.5-150 °C. IR: vyax 3442m, 2976m, 1734s (CO), 1526s (NO,), 1350s (NO>),
1156 s. '"H NMR (CDCl3): §0.82 (3 H, d, J6.3) and 1.23 (3 H, d, J 5 9 CH(’CH3)2_), 1.61 (9 H, s, t-Bu), 1.67

(1 H, m, NH), 3.50 (2 H, br s, PhCH>), 3.65 (1 H, m, CH(CH;),), 7 25 (3 H, m, ArH), 7.42 (2 H, m,
ArH), 8.12 (2 H, m, ArH), 8.30 (2 H, m, ArH). MS: m/z (APCI, A“)"“ [MT. CxaHpN,O4 - HCI. Caled: C,

62.77; H, 6.94; N, 6.65. Found: C, 62.89; H, 7.05; N, 6.55.

(N-Benzyl-2-(2-nitrophenyl-valine tert-butyl ester + hydrochloride) 4d

Pale yellow solid (21%). mp 131-132 °C. IR: vy 3433m, 2980m, 1738s (CO), 1534s (NO,), 1362m (NO),
1150s. 'H NMR (CDCl3): §0.96 (3 H, d. J 6.9) and 1.10 (3 H, d, J 6.7, CH(CHs),), 1.47 (9 H, s, t-Bu), 2.21 (1
H, br s, NH), 2.82-2.88 (1 H, m, CH(CH3),), 3.44 (2 H, br s, PhCH,), 7.18-7.32 (5§ H, m, ArH), 7.37-7.39 (1
H, m, ArH), 7.42-7.57 (1 H, m, ArH), 7.75-7.80 (1 H, m, ArH), 7.86-7.89 (1 H, m, ArH). MS: m/z (APC],
AP) 384 [MT. CxHeN-O, - HCI. Caled: C, 62.77; H, 6.94; N, 6.65. Found: C, 62.42; H, 7.05; N, 6.50.
(N-Benzyl-2-(2-nitrophenyl)- (O-tert-butyl)threonine tert-butyl ester - hydrochloride) 4e

Pale vpllnw oil (12%). ‘H NMR (CDCl,): d1.14 (OH, s t-Bu), 123 (9H,s,t-Bu), 127(3H,d, 760,

CAIVW Vi s SAYAIN (ARG S, 4.=2 37 28, . =) 17 23, 34

CHCH), 3.77-3.90 (2 H, m, PhCH), 4.09-4.15 (1 H, m. CHCHs), 7.26-7.28 (2 H. m, ArH), 7.67-7.89 (5 H, m
ArH), 7.89-7.92 (1 H, m, ArH), 8.02-8.05 (1 H, ArH). MS: m/z (APCI, AP) 442 [MT. CasH34N,Os - HCL.
Caled: C, 62.69; H, 7.36; N, 5.85; Cl, 7.40. Found: C, 62.54; H, 7.32; N, 5.78; Cl, 7.29.

(N-B‘enzyi-Z (4-nitrophenyi) ( O-tert-ﬁutyi)threonine tert-ibutyi ester * hydrochioride) af '

Low melting solid (60%). IR: vax 2977m, 1723s (CO), 1528s (NO,), 1360m (NG,), 1156s.

HN :
61.13 (3 H, brs, CH3), 1.18 (9 H, s, t-Bu), 1.61 (9 H, br s, t-Bu), 3.65-3.71 (1 H, m, CHCH3), 3.42 (1 H) and
3.82 (1 H, m, PhCH>), 7.26-7.39 (3 H, m, ArH), 7.45-7.47 (2 H, m, ArH), 7.85-7.87 2 H, m, A 23

v
.04 LK,y 15k, X 101X i 1-IFF \J Kk, 131y L3RRS, 157 57 (& KMy 110y C3UXAJ, 1057707 \(& KX, 111,y £3aK}

(2 Hi m, ArH). MS: m/? (APCI, AP) 442 [M7. C5H34N,05 - HCL. Caled: C, 62.69; H, 7.36; N, 5.8
7.40. Found: C, 62.32; H, 7.42; N, 5.66; Cl, 7.34.

(N-Benzyl-N-(2-nitrophenyl)-valine methyl ester - hydrochloride) 4g
Pale yellow oil (5.4%). IR: vax 2969w, 1749s (CO), 15285 (NO3), 1360m (NO3), 1023m . 'HNMR (CDCl3):

01.00(3H,d,J6.8)and 1.10 (3H, d, J 6.6, CH(CHa)»), 1.61 (1 H, br s, NH), 2.84-2.88 (1H,m,C_r_i(CH3)2),
3.44 2 H, s, PhCH,), 3.71 (3 H, s, OCH3), 7.21-7.32 (5 H, m, ArH), 7.42-7.46 (1 H, m, ArH), 7.57-7.61 (1 H,
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m, ArH), 7.76-7.78 (1 H, m, ArH), 7.88-7.90 (1 H, m, ArH). MS: m/z (APCl, AP") 342 [M]. C;gH2N,O; -
HCl. Calcd: C, 60.24; H, 6.12; N, 7.39; Cl, 9.36. Found: C, 59.96; H, 6.04; N, 7.20; Cl, 9.35.

(N-Methyi-2-(4-nitrophenyl)-(O-tert-butyl)serine teri-butyl ester) 4h
Pale yellow oil (78%). IR: Dy 2974m, 17265 (CO), 1518s (NOy), 1347s (NO,), 1158s. 'H NMR (CDCL;):

S1.16(9H 5. t-Bu). 1.45(¢H 5 9N 2T o NLISTIT Y 27Q /1 LN 4 7O 1) 212001 LY 2 T 0
1.16{(% 14, 5, t-Buj, 1.45 (5 u,b,tuu; Z.42 9 I1, 8, IN[IUI13), 2./0{1 I, G,s 0.1j @il 53.00(1 11,4,7 /.5,

CH,0-tBu), 7.71-7.72 (2 H, m, ArH), 8.17- 8.20 (2 H, m, ArH). MS: m/z (APCL, AP") 352 [MT. C1sH2sN;Os.
Caled: C, 61.34; H, 8.01; N, 7.95. Found: C, 61.49; H, 6.84; N, 7.76.

(N-2-Ethylcyclohexyl-2-(4-nitrophenyl)-valine tert-butyl ester) 4i

Pale yellow oil (81%). IR: vax 2967m, 2921s, 1725s (CO), 1520s (NO,), 1349s (NO,), 1160s; 'H NMR
(CDCl3): 80.69 (3 H, d, 76.9) and 0.83 (3 H, d, J 6.7, CH(CH3);), 0.86-0.93 (3 H, m), 1.11- 1.49 (5 H, m),
1.51 (9 H, s, t-Bu), 1.66-1.75 (6 H, m), 2.26-2.44 (3 H, m), 7.27-7.74 (2 H, m, ArH), 8.12-8. 14(2H,m,ArH).

MS: m/z (APCI, AP") 404 [M]. Cy3H36N»04. Caled: C, 68.29; H, 8.97; N, 6.92. Found: C, 67.93; H, 8.79; N,

r 0o

0.07/.

(N-Methvl-2-(4d-nitrophenyl)-alanine tert-butyl ester) 4j

Pale yellow oil (65%). IR: vjyax 3115w, 2969m, 1728s (CO), 1524s (NO,), 1349s (NO,), 1143s. '"H NMR
(CDCh): 6 1.43 (9 H, s, t-Bu), 1.59 (3 H, s, CH3), 2.33 (3 H, s, NCH3), 7.63-7.66 (2 H, m, ArH), 8.17-8.21 (2
H, m, ArH). MS: m/z (APCI, AP") 280 [M]". C;3H2N-0,. Calcd: C, 59.99; H, 7.19; N, 9.76. Found: C, 59.68,;
H, 7.01; N, 9.99.

(N-4-pentenyi-2-(2-nitrophenyi)-valine tert-butyl ester) dk

Pale yellow 0il (17%). IR: V4 3369w, 29765, 17265 (CO), 1640w (C=C), 15345 (NO,), 1366s (NO,), 1152s.
ll’_‘l’\T\lD/l"ml SN0t oAa IK'I\A.‘A1I\OI‘1U,I TET OLIMVIT AN DY 174 1 A2 /ML a1 AA QLT

FLINMIVIIN (U133, U ULTO (0 1y, U, J /) daiid 1.0 \J 11, U, J U. T, IV E13)2 ), 24U .90 \ & L1, L), 1.9 \F 11, D,
t-Bu), 1.46-1.65 (2 H, m), 1.93 (1 H, br s, NH), 2.00- 2.18 (2 H, m), 2.73-2.79 (1 H, m, CH(CH;),), 4.87-4.99
(2 H, m, =CH3), 5.68-5.81 (1 H, m, CH=CH,), 7.35-7.41 (1 H, m, ArH), 7.49-7.55 (1 H, m, ArH), 7.70-7.78
(2 H, m, ArH). MS: m/z (APCI, AP) 362 M. CyH30N»04. Caled: C, 66.27; H, 8.34; N, 7.73. Found: C,
66.62; H, 8.43; N, 7.72.
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