CHAPTER II

EXPERIMENTAL
2.1 General and materials
Air-sensitive materials were fga ed by syringe or cannula under a nitrogen
atmosphere. Solvents for the reaction werg wecd as received unless otherwise noted.
Tetrahydrofuran was dried" sodiunybenzopheEAdne Commercial grade solvents

for column chromatographyWere-distilled b l chemicals were purchased

iFick d/r all k.’.\ﬂ e used as received without
o .‘(/ / ane, b \\.\.\r\ or HPLC experiments on a
/RN \ NN Ny

I Bake d Me

-l

; L\

Melting points wgfe gegorded on -\ \nx' 9100. Evaporation of

from Fluka, Merck or 4

further purification. HP

chiral column, obtained £#6 espéctively.

al
i
P

solvents was carried on'a Bifich .ln._-_;_ R-114 and Blichi water bath B-480. The
progress of the reaction® followveddh \‘*i Cayer Chromatography (TLC)

performed on Merck D. C. §ilic# gel60 Fss precoated aluminium plates and

(254 ‘i),
Co(SCN)z. Isolationof ompounds was performed on the230-400 mesh silica gel for

Y
flash column chrom 3 o1 atography.

visualized using either UV light ine, potassium permanganate, or

=

[
Elemental anal '-“ were conducted on a Perkin E'“d er PE 2400 Series II. Low
resolution mass spectrorfietry was performéd on GC-MS GC Mas Finnigan Mat

operated in th u&,&mac% @%ﬂd}@ reported in units of

e
mass over charg: (m/z2). Intensitigs are reportcaas a percent gof the base peak
intensiﬂ'[ﬁﬁﬂq&ﬂﬁ‘mewq wﬂ r] a El

Proton (IH), carbon (! C) nuclear magnetic resonance (NMR) spectra were
obtained in CDCl;, DMSO or D,0 on a Bruker ACF200 spectrometer operating at
200 MHz ('H) and 50 MHz (PC), a Mercury Varian 400 spectrometer operating at
400 MHz (lH) at the chemistry department, Faculty of Science, Chulalongkorn
University, or a Varian Gemini 2000 YH200 spectrometer operating at 200 MHz ('H)
at Chulabhorn Research Institute (CRI).  Phosphorus (*'P) nuclear magnetic
resonance spectra were recorded in CDCl3 on a Jeol JNM A-500 spectrometer

operating at 202.35 MHz at the Scientific and Technology Research Equipment
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Center, Chulalongkorn University. Chemical shifts (8) are reported in parts per
million (ppm) relative to tetramethylsilane (TMS) (0.00) or with the solvent as an
internal reference for 'H and °C NMR. A phosphoric acid (H3PO,) capillary in an
appropriate solvent was used as an external reference (0.00) for the *'P spectra.
Multipicities are abbreviated as followed: s = singlet, d = doublet, t = triplet, q =
quartet, m = multiplet. Coupling constants (J) are reported as proton-proton (Juy) and
proton-phosphorus (Jyp) coupling and are reported in Hertz (Hz).

High performance liquid chromatoggaphy (HPLC) separation of products were
performed on a Gilson HPLC system equipped with.a 112 UV/Vis detector. A Daicel

Chiralcel OD® column ,S-dimethyiphenyl carbamate) on a 10 um

silica gel substrate, 250 / \
tris-(3,5-dimethylphe 1 19 ;\\\Q
were used in attemptsgfor . ‘n ne \ PLC solvents were filtered

\
through a membrane filfer ﬁ
filtered through a 0.45 & A

alpak AD® column (amylase

ubstrate, 250 mm x 4.6 mm)

;-. ore use. Each sample was

\ Unit prior to injection onto the
mdxl

liquid chromatograph. el
MJ‘"

2.2 Synthesis of dicthyl phosphige’~
A

e AI:F-I-IE

O

PCl3 L3 ) - P-OEt

m , m OEt

) then air

A solutj . ﬁ J P 0 mL) was placed in
a three-neck r@ ﬁﬂm Mﬁiwm m iution of phosphorus
trichloride (13 mL, 0.15 mol) in d 50 m dde with vigorous
stlrrlngq“%ﬂ ’:}@éa ni %ﬂa gﬂaﬂyﬁ gad to warm up
to room &mperature and stirred for additional for 2-3 h. Air was passed through the

mixture. After 0.5 h, triethylamine (46 mL, 0.33 mol) in THF (100 mL) was added to

the flask at 0°C (ice bath). The mixture was let stand at room temperature for 2 h. The

precipitates were then removed by filtration. The THF was removed to afford a
colorless liquid (60-65%). 'H NMR (CDCls, 200 MHz) & 1.27 (s, /i = 7.1 Hz, 31,
OCH,CH3), 4.05 (dq, *Jun = 7.1 Hz, %A = 9.0 Hz, 2H, OCH,CH), 4.11 (dq, *Juu =
7.1 Hz, *Jpy = 9.0 Hz, 2H, OCH,CHs), 6.75 (d, “Jip = 692.4 Hz, 1H, CHP).
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2.3 Catalytic asymmetric synthesis of a-aminophosphonates

2.3.1 Synthesis of imines

Synthesis of N-benzylidene benzylamine (I-1)

Imine I-1 was pre

mL round bottom ﬂ s

by Jacobsen ef al.*® To a 25

-\ & (MgSO4) and 5 mL of
dichloromethane. To : .‘( e %:\\ mL, 5 mmol) was added
followed by a slow syrifie aé o( enzaldehyde (051 mL, 5 mmol). When the

starting materials disappéared, fhz @ sulfate Was femoved by filtration. The
filtrate was collected and : , - o\to obtain the desired product
I-1 as a yellow oil (0.86 g, # 4/ o 783 a)dr R (CDCl3, 200 MHz) & 4.89 (s,
2H, CH,Ph), 7.33-7.51 (m, 8H, Ana7:3457 m, 2H, Ar), 8.43 (s, 1H, CH=N); 1°C
NMR (CDCl3, 50 MHz, { })‘@ ), 127.12, 128.11, 128.42, 128.63,

128.72, 130.90, 136.23, 139.46; #6243 (HC:

[ Y |
2.3.2 Procedures for 'll . AT '@ﬁ)phosphonates

Ang Ineninens,~O
AR NN yAE ™

I1-1
Method A: To an oven-dried 10 mL round bottom flask equipped with a
stirrer bar was added a solution of imine I-1 (0.0975 g, 0.5 mmol) in 4 mL of dry
THF, and a solution of 10 mol% of Ti(O'Pr)s in 1 mL of dry THF. A reaction was
stirred for 10 min then diethyl phosphite (225 uL, 1.75 mmol) was added via syringe.

The solution was allowed to stir for 3d at 70°C under a nitrogen atmosphere. The

mixture was quenched with H,O (2 mL). Most of the THF was removed in vacuo and
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the product was extracted with EtOAc. The organic layer was dried with anhydrous
sodium sulfate and then concentrated. Analytically pure II-1 was then obtained by
column chromatography (gradient elution, 10%-25% EtOAc/hexanes) as a yellow oil
(0.1184 g, 0.36 mmol, 71%). "H NMR (CDCls, 200 MHz) & 1.10 (t, *Jyy = 7.0 Hz,
3H, OCH,CHs), 1.25 (t, *Jyy = 7.1 Hz, 3H, OCH,CHj), 3.55-4.05 (m, 7H, OCH,CHs,
CH>Ph, CHP), 7.21-7.39 (m, 10H, Ar); °C NMR (CDCl;, 50 MHz, {'H})  16.28 (d,
3Jep = 9.5 Hz, OCH,CHj3), 16.44 (d, *Jcp = 5.9 Hz, OCH,CH3), 51.15 (d, *Jep = 17.3
Hz, CH,Ph), 59.51 (d, "Jep = 152.:8 % , 62.86 (d, *Jop = 8.0 Hz, OCH,CH),
63.01 (d, “Jep = 7.7 Hz, OCH; , 128.37, 128.47, 128.62, 128.75,
135.65, 139.25.

v

P(OE),
O

£ Al >
I-1 A \\ I1-1
Method B: n-But iuﬂgJ 64 '- anes, 0.30 mL, 0.5 mmol) was

added via syringe to a solution Hf-die te I mmol, 0.128 mL) in dry THF

(1 mL) at -78°C under a nitroges 1-5

-

g reaction was stirred for 0.5 h then
warmed to room température. This mixture was thei -addeti-to a solution of imine I-1

(0.0975 g, 0.5 mmo ,

mixture was quenched with
water (1 mL). Solventﬂas removed and the aqueous la ¥

was extracted with EtOAc
(4 x 2 mL). The combiredsextracts were dgiéd ii\laS(%]) filtered, and concentrated.

purificaion of B |- BbgH 9o

25% EtOAc/Hexqgne) resulted in the desired a-ami ingphosphonates dl+1 (0.063 g, 0.19

- FRIANNIUNARTINY IR Y

2.3.3 General methods for optical purity determination of c-aminophosphonates

1ent elution, 10% to

2.3.3.1 Analysis of o-aminophosphonates II-1 using a chiral HPLC
column

a-Aminophosphonates were dissolved in an appropriate solvent

composition (9:1 hexanes/2-propanol) and filtered through a membrane filter. An

aliquot of the solution was injected into the Daicel Chiralcel OD® column. Elution



31

with the mobile phase 95:5 to 90:10 (hexanes/2-propanol) resulted in no separation.

An alternative Daicel Chiralpak AD® column was employed. Elution of an a-

aminophosphonate mixture by the mobile phase 90:10 to 98:2 (hexanes/2-propanol)
gave a satisfactory separation of enantiomeric peaks of a-aminophosphonate I1-1.

2.3.3.2 Analysis of a-aminophosphonates I1-1 using "H NMR spectroscopy

The enantiomeric purities of the optically active o-aminophosphonates

were determined by 'H NMR spectroscopy at 200 MHz from a solution in CDCls

upon an addition of chiral s0 nts such as R-(-)-o-methoxy-o-
trifluoromethylphenylacetic.acid (Mos S)- (+)—camphor-10 sulfonic acid
(CSA), R-(-)-o-acetoxyphenylacetic ) 1,1’-binaphthalene-2,2’-diyl

hydrogenphosphate (BNPY i(2-naphthol). The 'H NMR spectra were

recorded at intervals of'ea: '7 al solva added.

2.3.4 General proced I. iesynthesis of a=aminophosphonate (11-1)

_ ) ' Ti(O'Pr)s (0.025 mmol) were
placed in an oven-dried 1 i . om ' <, The mixture was dissolved in dry
THF (1 mL) and stirred for A4 fodnrten -z ure. Subsequently, a solution of
imine I-1 (0.25 mmol) in 1 mL '- + THE was added by syringe. Diethyl phosphite
(0.064 mL, 2 eq) was add ixture “a s, stigred for 3 d at 70°C. The

solvent was then re ."':_"-_"“ ----------------- % ¢ to give a crude product.

Purification of the crugh

phy (gradient elution, 10%
to 25% EtOAc/hexanes ylelded the desired a- ammophosphonate II-1.

Metho . mﬁ solution of diethyl
phosphite (0. 1%1&??1 mgaft was cool?to -78°C and treated
dropw1$e wi -bu "m After 0.5 h,
the ml é‘lﬁ ﬁ ﬁaﬁiﬁ ﬁ‘g D]S"g‘ El solution of a

chiral hgand such as (-)-sparteine (0.5 mmol) in dry THF (1 mL) at room temperature.

The reaction mixture was stirred for 0.5 h and then treated with a solution of imine I-1

(0.0975 g, 0.5 mmol) in dry THF (1 mL). The reaction was let stand for 1 d at room
temperature, quenched with water (2 mL) and extracted with Et,O (4 x 2 mL). The

organic layer was dried over Na,SOj. Evaporation of the solvent followed by

purification with column chromatography gave II-1.
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2.4 Synthesis of a-aminophosphonates by using chiral auxiliary imine

2.4.1 synthesis of imine ITI-1

0 HO
©)J\H b _ OHChn
MgSO4 [j/k
L\ II-1
Imine ITI-1 was obtained' a reattie ~(+)-o-phenylglycinol (0.0664 g,
0.5 mmol) and benzaldehyde~(0:049 : o1)"in the presence of anhydrous

magnesium sulfate in stirred at room temperature

overnight. Magnesi moved atlon and the filtrate was
concentrated under r »c product ITI-1 as a yellow
0il (0.078 g, 0.35 mmo S HNvR@DCL Hz) 5 3.93 (m, 2H, CH,OH),

4.50 (m, 1H, PhCHCH, ! . .\\ (s, 1H, HC=N).

MgSO, j

ﬂﬂﬁl?‘i’lﬂ‘ﬂiﬂﬂ’]ﬂi o
Qﬁqﬂ%ﬂ umgmm &l

‘\

I11-2a I1I-2b
To a 25 mL round bottom flask was added L-(+)-a-phenylglycinol (0.5 mmol,

._.7 _— S
= — \
o . gy

0.0664 g) in CH,Cl, in the presence of anhydrous magnesium sulfate. The solution of
isobutyraldehyde (0.036 mL, 0.5 mmol) in CH,Cl, was added by slow syringe and

stirred for overnight. Filtration of magnesium sulfate, collection of the filtrate,
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followed by a removal of solvent in vacuo resulted in the imine I1I-2 as a colourless
0il (0.062 g, 0.33 mmol, 65%). 'H NMR (CDCls, 200 MHz) § 0.99 (s, 3H, CH;), 1.06
(s, 3H, CH;), 1.80-1.91 (m, 1H, CH(CH3),), 3.57-3.67 (m, 1H, PhCHCH,0H), 4.07-
4.46 (m, 3H, CH,OH, CH), 7.21-7.66 (m, SH, Ar).

2.4.3 General procedure for the preparation of diastereomeric o-

aminophosphonate (IV-1, IV-2)

'Iu
HO ) HO
S S
N , — HN

|
R/l\H P(OEtf;
0
III-1:R= IV-1:R=Ph
III-2:R="P IV-2:R="pPr

A reaction of imine is acid (10 mol%) in dry THF

(2 mL) was placedii _oven-dned test tube IS {hS Sefiftion was added diethyl

X'

phosphite (0.035 m[; = r;,' refluxed for 1 d. The

reaction mixture was s . ed with a solution of 10% N O3, extracted with EtOAc.

The organic lay. vﬁﬁ y reduced pressure.
The crude pro Iﬁeﬂﬂmgﬁnf afford the desired
product IV-1 as a yellow oil. (Major# Minor isomes): '"H NMR (CDCl3, 200 MHz) &
o QRN RSV L2 T D bilchn
(br, 1H, H) 3.57-4.14 (m, 9H, CHP, OCH,CH3;, CHPh, CH,OH, NH), 7.14-7.31 (m,
10H, Ar); *C NMR (CDCls, 50 MHz, {'H}) § 16.30 (OCH,CH3), 16.42 (OCH,CH3),
58.45 (d, 1Jcp = 151.0 Hz, CHP, major), 57.46 (d, lJcp = 155.0 Hz, CHP, minor),
62.64 (d, %Jep = 7.5 Hz, OCH,CHj3), 62.96 (d, “Jep = 10.0 Hz, OCH,CH3), 63.23
(CH,OH), 66.14 (CHPh, major), 67.19 (CHPh, minor), 127.40, 127.59, 127.80,
128.28, 128.46, 128.83, 135.24 (minor), 136.50 (major), 139.29 (minor), 140.48

(major).
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The product IV-2 was prepared from a reaction of imine III-2 according to the
general procedure for the preparation of IV-1 described above. IV-2 was obtained as a
yellow oil. (Major + Minor isomer): '"H NMR (CDCl3, 200 MHz) & 0.84-1.05 (m, 6H,
CH3), 1.17-1.35 (m, 6H, OCH,CHj), 1.95-2.15 (m, 1H CH(CHzs),), 2.37 (br, 1H, OH),
2.70 (dd, *Jup = 12.7 Hz, *Juy = 3.5 Hz, 1H, CHP), 3.47-3.71 (m, 1H, CHPh), 3.94-
4.20 (m, 4H, OCH,CHs), 7.21-7.33 (m, 5H, Ar); *C NMR (CDCl;, 50 MHz, {'H}) &
16.46 (OCH,CHj3, major), 16.55 (OCH,CH3, major), 17.64 (OCH,CH3, minor), 17.81

20.67 (CHs, major), 28.65 (CH Yo iAot 40 (CH(CHs),, major), 57.16 (d,
Ucp = 146.5 Hz, CHP, minBP1"s8-6( , CHP, major), 61.53 (d, 2Jcp
= 8.0 Hz, CHP, major)61" inor), 62.42 (d, 2Jep = 7.3
Hz, CHP, major), 634 or), 64.54 (CHPh), 66.61
(CH,OH, minor), 67.68 128.40, 140.29 (minor),
140.56 (major).

AU INENTNEINS
ARIAINTAUNNIINGIAY
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2.5 Synthesis of a-aminophosphonates by using an activated imines

2.5.1 The preparation of fert-butyl carbamate V)

28 NH; i
A A — i i
A%

Di-tert-butyl dicarbonate (10 mmol) was added slowly to concentrated ageous

ammonia solution (excess).

overnight. Tert-butyl carbamate (° Aleas filtered off as white crystals in

A mixture of the aldehj ert-butylcarbamate (V) (10 mmol),

sodium benzenesulfinate

0. it methanol (5 mL), and formic

acid (2.75 mL) was § gf"-\: stals were collected by

filtration and washed” sequ . -‘[;_\' ether to give the pure

J|

ﬂﬂﬁl?ﬂﬁlﬂﬁ?jﬂéﬂﬂ‘i

product.

i’HN

Qﬁqaﬁﬂi@%ﬁﬂﬂﬂﬂqﬁﬂ

tert-Butyl N—((benzenesulfonyl)benzyl)carbamate (VI-1) was prepared from
a reaction of benzaldehyde (1.06 g, 10 mmol), fert-butyl carbamate (V) (1.17 g, 10
mmol), and sodium benzenesulfinate (1.64 g, 10 mmol) according to the general
procedure for the preparation of fert-butyl N-((benzenesulfonyl)benzyl)carbamate as

described earlier to give 2.51 g of VI-1 (7.27 mmol, 73%) as a white solid. 'H NMR
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(CDCl;, 200 MHz) 8 1.23 (s, 9H, C(CHs)3), 5.77 (d, *Jun = 9.8 Hz, 1H, CHSO,Ph),
591 (d, *Jun = 10.7 Hz, 1H, NH), 7.36-7.91 (m, 10H, Ar); *C NMR (CDCls, 50
MHz, {'H}) & 27.98 (C(CHj)s), 73.95 (CHSO,Ph), 81.20 (C(CHa)s), 124.93, 128.76,
128.96, 129.05, 129.50, 129.85, 133.96, 136.89, 153.52 (C=0).

tert-Butyl N-((

prepared from a reacti

ryl)carbamate (VI-2) was
g, 10 mmol), fert-butyl

carbamate (V) (1.16 nate (1.64 g, 10 mmol)

according to the general

solid. '"H NMR (CDCls,

g,.3:09 mmol, 51%) as a white
7)3), 5.80 (d, *Juy = 10.2 Hz,
1H, CHSO,Ph), 5.92 (d. 05-7.92 (m, 9H, Ar); *C NMR
(CDCls, 125.65 MHz, {' ) SO,Ph), 81.33 (C(CHs);),
115.74, 115.91, 124.89, 1 .7 0, 130.80, 130.86, 131.78, 134.04,
136.42, 153.43 (C=0).

| y——f’d

ﬂumm@ﬁfwanm

¢ VI3

R ARA TR HBIFNYAA s e
prepared from a reaction of 4-chlorobenzaldehyde (1.40 g, 10 mmol), tert-butyl
carbamate (V) (1.17 g, 10 mmol), and sodium benzenesulfinate (1.64 g, 10 mmol)
according to the general procedure to give VI-3 (0.98 g, 2.57 mmol, 26%) as a white
solid. '"HNMR (CDCls, 200 MHz) & 1.23 (s, 9H, C(CHs)3), 5.78 (d, *Jun = 9.4 Hz,
IH, CHSO,Ph), 5.90 (d, °Jun = 10.8 Hz, 1H, NH), 7.32-7.91 (m, 9H. Ar); *C NMR
(CDCl3, 50 MHz, {'H}) & 27.97 (C(CHs)3), 73.28 (CHSO,Ph), 81.43 (C(CHs)3),
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124.92, 128.41, 128.98, 129.14, 129.47, 130.26, 130.92, 134.13, 136.08, 136.62.
153.48 (C=0).

carbamate (V) (1.17 g, 1gs(eV S5 » benzenesulfinate (1.64 g, 10 mmol)

| \Q\\\ 10.85 g of VI-4 (1.99 mmol,
20%) as a white solid. ¥ (EDCls2 AHZ)8 1°28 (s, 9H, C(CHs)3), 5.72 (d,
3Jui = 10.2 Hz, 1H, CHS 587 (@ h = H, NH), 7.28-7.96 (m, 9H,
tiz,. (C(CHs)3), 73.27 (CHSO,Ph),

81.34 (C(CHs)3), 124.2% 30.48, 130.94, 131.87, 132.38,

134.09, 136.52, 153.43 (

o WEANITINENNT . o

prepared from a reaction of 4-cyatiobenzaldehyde (1.31 g, 10 @imol), tert-butyl
oty O QAT B ARV IR B 10
according! to the general procedure described earlier to give 2.21 g of VI-5 (5.36
mmol, 54%) as a white solid. 'H NMR (CDCls, 200 MHz) & 1.22 (s, 9H, C(CHs)s),
5.86 (d, *Jun = 9.8 Hz, 1H, CHSO,Ph), 5.99 (d, *Jis = 10.8 Hz, 1H, NH), 7.51-7.92
(m, 9H, Ar); *C NMR (CDCls, 50 MHz, {'H}) § 27.95 (C(CH3)3), 73.26 (CHSO,Ph),

81.80 (C(CHs)3), 113.73, 118.07, 129.30, 129.44, 129.70, 132.35, 134.44, 135.06,
136.33, 153.33 (C=0).
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O,N
VI-6
tert-Butyl N-((benzenesulfonyl)-4-nitrobenzyl)carbamate (VI-6) was
prepared from a reaction of 4-nitrobenzaldehyde (1.51 g, 10 mmol), fert-butyl
carbamate (V) (1.17 g, 10 mmol) and s benzenesulfinate (1.64 g, 10 mmol)
following the general proceduite itlined ¢ o give VI-6 (2.97 g, 7.57 mmol,
76%) as a pale yellow so -;_.,, _ @Hz) 8 1.23 (s, 9H, C(CH;)3),
5.94 (d, *Juy = 10.1 Hz ) .\ il 0.6 Hz, 1H, NH), 7.52-8.31
(m, 9H, Ar): °C N . i‘\:\\l\ 5 27.91 (C(CHs)s), 73.00

(CHSO,Ph), 81.79 ( W130.01, 13448, 136.19,
136.82, 148.60, 136.08 O)e— N\

J
N- enzenesulfonyl)—34nitrobenzy yearbamate (VI-7) was

prepared from a_ reactiof @f 3-nitrob mzjl "]1 : mmol), tert—butyl-
carbamate (V) ﬂluﬂ Qnm glﬁr ne uftia (1.64 g, 10 mmol)
according to the?eneral procedure oytlined earliersdp give VI-7 (329 g, 8.39 mmol,

0 QAR SRECELNAI U ARG 00

“Ji = 119 Hz, 1H, CHSO,Ph), 6.08 (d, /i = 11.0 Hz, 1H, NH), 7.55-8.33 (m, 9H,
Ar).

tert-Butyl
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E:(ksozph
NO,

VI-8
tert-Butyl N-((benzenesulfonyl)-2-nitrobenzyl)carbamate (VI-8) was
prepared from a reaction of 2-nitrobenzaldehyde (1.51 g, 10 mmol), fert-butyl
carbamate (V) (1.17 g, 10 mmol yand sodium benzenesulfinate (1.64 g, 10 mmol)

8:24 mmol, 82%) as a pale yellow

@3)3), 6.01 (d, *Juy = 11.0 Hz,

NH): 7.56°818 (m, 9H. Ar).
: “— ¢ )

tert-Butyl N-((benzenesuifons iylbenzyl)carbamate (VI-9) was

prepared from a reaction o 0_mmol), fert-butyl carbamate

V) (1.17 g, 10 .cTFrrﬁ_mf

.i’ 0 mmol) following the

general procedure to gi ’_ - 68° ‘:; as a white solid. '"H NMR
(CDCl3, 200 MHz) & 172 (s, 9H, C(CHs)3), 2.35 (s, 3H, CH3), 5.78 (d, *Jyn = 10.3

Hz, 1H, CHSO ‘ﬁnﬂ uﬂ Z] 2 (m, 9H, Ar); *C
NMR (CDCl;, ﬂ‘m ) .m, m 33 73.76 (CHSO,Ph),
81.14 (C(CHy)y), 124.94, 126.72, 17879, 9;1232%193;&1%.89, 136.99,
PRCY P KT PTaIb

9
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VI-10

tert-Butyl N-((benzenesulfonyl)-4-iso-propylbenzyl)carbamate (VI-10) was
prepared from a reaction of cumina debyde (1.48 g, 10 mmol), zert-butyl carbamate
(V) (1.17 g, 10 mmol), and sodivm \i /A dinate (1.64 g, 10 mmol) according to
the general procedure descri bédhearlier to g1%e2% 0 of VI-10 (0.59 mmol, 60%) as a
white solid. "H NMR (CD WOMHZ) 6 LW=l.30 (m, 15H, C(CHs)s, CH(CHs),),
2.84-2.98 (m, 1H, CH), 5 Ll 7 Z, LH€HS O,Ph), 5.88 (d, *Jyy = 10.5
Hz, 1H, NH), 7.20-7.93 (ua /

tert-Butyl «.m__ 2 _——""'- arbamate (VI-11) was

prepared from a reac G © > (162 g, 10 mmol), fert-butyl

carbamate (V) (1.17 g*10 mmol), and sodium benzeneStlfinate (1.64 g, 10 mmol)
according to th g e bi 181 jtomgi 8 g of VI-11 (5.65
mmol, 57%) mﬁvﬁﬂﬁe Mm ﬂ(ﬂ\dmi2 (s, 9H, C(CHs)),
1.30 (s, 9H, C(C?Ifs)s), 5.73 (d, *Jun £ 10.9 Hz, 1HnCHSO,Ph), 5.8¢ Jun = 10.9
Hz, 1H, fﬁﬂ@ﬂﬂﬁm‘wﬂc : IQQ]@QH}) 527.98
(C(CH3)3)‘! 31.18 (C(CHs)s), 73.60 (CHSO,Ph), 81.06 (C(CHs);), 124.92, 125.81,

125.98, 126.63, 128.62, 128.97, 129.45, 129.70, 133.84, 137.01, 153.05, 153.35
(C=0).
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O
HN/U\OJ<

/©/‘\S02Ph
MeO

VI-12

tert-Butyl N-((benzenesulfonyl)-4-methoxybenzyl)carbamate (VI-12) was
prepared from a reaction of 4-methoxybenzaldehyde (1.36 g, 10 mmol), fert-butyl
according to the general o\\‘\ : ier to give 2.11 g of VI-12 (5.59
mmol, 56%) as a white so A H-NMR ; 7 z) & 1.24 (s, 9H, C(CHs)»),
3.81 (s, 3H, OCH;), 5.7 NP h), 5.86 (d, *Jun = 10.1Hz,
1H, NH), 6.90-8.00 ( .65 MHz, {'H}) & 27.94
(C(CHs)s), 55.33 (O (CHas)3), 113.64, 114.20,

121.58, 124.89, 128.9 3, 133.82, 136.93, 160.75,
153.45 (C=0).

tert-Butyl N-((Bejaesulfonyl)-3-m¢hoxybenzyl)carbamate (VI-13) was

et o G YR BT B G130 e

carbamate (V) (W17 g, 10 mmol), aéad so@igm belnn.zengsulﬁngte @4 g, 10 mmol)
accordin® 10 ethe ﬁ nﬁmyﬂ earli ﬂﬁ?l&ﬂ VI-13 (5.59
mmol,‘;ﬂ/m“ﬁe solid. CDCl3, 200 MHz) & 1.24 (s, 9H, C(CHs)s),
3.78 (s, 3H, OCHy), 5.74 (d, *Jun = 9.6 Hz, 1H, CHSO,Ph), 5.87 (d, *Jiux = 10.5 Hz,
IH, NH), 6.93-7.92 (m, 9H, Ar); °C NMR (CDCls, 125.65 MHz, {'H}) & 27.94

(C(CHs);), 55.28 (OCHs), 73.87 (CHSO,Ph), 81.11 (C(CH3)3), 114.38, 115.61,
121.19, 128.99, 129.41, 129.71, 131.19, 133.89, 136.87, 159.63, 153.48 (C=0).



42

SO,Ph

OMe

VI-14
tert-Butyl N-((benzenesulfonyl)-z-methoxybenzyl)carbamate (VI-14) was
prepared from a reaction of 2-methoxybenzaldehyde (1.36 g, 10 mmol), fert-butyl

using to the general procedure ¢ ribed /GARNT give VI-14 (0.49 g, 1.30 mmol,
! > 5.1.30 (s, 9H, C(CHs)s), 3.71 (s,
3H, OCH;), 6.24 (d, *J 0852 1H, CHSOPWN6:33 (d, *Juy = 10.7 Hz, 1H,
NH), 6.82-7.84 (m, 9k N ‘\ {'H}) & 28.11 (C(CHs)s),
55.80 (OCH3), 71.10 , 118.67, 120.94, 124.89,
128.71, 129.46, 130.27 57.84, 153.86 (C=0).

tert-Butyl V\J— arbamate (VI-15) was

prepared from a reac Itl of 3-hydroxybenzaldehyde "‘i’l 2 g, 10 mmol), fert-butyl

carbamate (V) (1.17 g, ¥0.mmol), and sodfufn benzeg;lsﬁm%e (1.64 g, 10 mmol)
ive 1.45

according to thﬂeuaacgdm ﬂlmiixw %_L of VI-15 (4.0 mmol,

40%) as a pale Yllow solid. 'H NMR (CDCls, 200 MHz) § 1.23y(s, 9H, C(CHj)3),
e QU PR A NI B s
(m, 9H, fAr); °C NMR (CDCl;, 125.65 MHz, {'H}) & 27.99 (C(CHy)y). 74.07

(CHSO,Ph), 81.39 (C(CHs);), 115.87, 117.32, 121.02, 129.07, 129.45, 129.97,
134.07, 136.49, 156.34, 153.71 (C=0).



43

0]
HN JJ\O/l<

Ny s0,Ph
N~

VI-16
tert-Butyl N-((benzenesulfonyl)-4-pyridyl)carbamate (VI-16) was prepared
from a reaction of 4-pyridinecarboxaldehyde (1.07 g, 10 mmol), tert-butyl carbamate
(V) (1.17 g, 10 mmol), and sodi enzepesulfinate (1.64 g, 10 mmol) according to

/ / ol, 14%) as a white solid. 'H
NMR (CDCls, 200 MHz)+ ‘ﬁao (d, *Jun = 8.6 Hz, 1H,
CHSO,Ph), 6.90 (d, >4 25:8169 (m, 9H, Ar); *C NMR

(CDCl;, 50 MHz, {! ’ \&‘ .95 (CE O,Ph), 81.62 (C(CH;)s;),
123.61, 129.26,129.52, : 7 (C=0).

the general procedure to give 049 e

tert-Butyl Ni((be bamage (VI-17) was prepared

from a reaction of 2-pyfi n ol), tert-butyl carbamate

:ré1 g, 10 mmol) according to
the general procedure outlined earlier to giveVI-17 (2.05 g, 5.88 mmol, 59%) as a

white solid. ' 1% ﬁ)a3w(ﬂtm§1w &Jﬁ §3)3), 6.00 (d, *Jun =

10.8 Hz, 1H, CA8O,Ph), 6.30 (d, S = 108 Hz, 1H, NH), 7.25-8.69 (m, 9H, Ar);

90 PRI TOIN TGN b,
(C(CHs)3)3 124.45, 125.59, 128.91, 129.81, 133.95, 136.68, 147.85, 149.48, 153.66
(C=0).

(V) (1.17 g, 10 mmol),gxd sodium benzencsulfinate (1.6
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VI-18
tert-Butyl N-((benzenesulfonyl)-1-naphthyl)carbamate (VI-18) was
prepared from a reaction of 1-naphthaldehyde (1.56 g, 10 mmol), fert-butyl carbamate
(V) (1.17 g, 10 mmol), and sodi

finate (1.64 g, 10 mmol) according to
_ ol, 10%) as a white solid. 'H
NMR (CDCls, 200 MHz) #whe2s (s ™5 90 (d, *Juy = 10.7 Hz, 1H,
5'®is8il3 (m, 12H, Ar): °C NMR
‘GHSO,Ph), 81.31 (C(CHs);),
129.09, 129.42, 130.54,

(CDCls, 50 MHz, {'I
122.88, 124.90, 125.1

tert-Butyl jafe] (VI-19) was prepared
from a reaction of 2- aldehy ol), te .; butyl carbamate (V) (1.17

g, 10 mmol), and sodium Pegenesulﬁnate (1 ‘6} g, 10 mmol) following to the general
procedure to gi (ZJ . 19/ gﬁ ﬂﬁvn solid. 'H NMR
(CDCl3, 200 Mﬂ)ﬁﬂ (s, 931&1)1?@, Jun = 10.2 Hz, 1H, CHSO,Ph),
6.03 (d, 2Jipi s . 0Hze |, Nid)ets s 3-? - ﬁ’ 1 C4H).6.58
(d, 3Jﬂﬁdqgﬂx}j mmmw:l .4ﬁ,m g];') 7.49-7.69

(m, 5H, Ar).
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VI-20
tert-Butyl N-((benzenesulfonyl)-2-thienyl)carbamate (VI-20) was prepared
from a reaction of 2-thiophenecarboxaldehyde (1.12 g, 10 mmol), fert-butyl
carbamate (V) (1.17 g, 10 mmol), and sodium benzenesulfinate (1.64 g, 10 mmol)

rlier to give 0.66 g of VI-20 (1.87

mmol, 19%) as a white solid NMR (CPET 20 MHz) & 1.26 (s, 9H, C(CHs)3),
5.68 (d, "Jyy =10.4 Hz, 1 7 = 11.0 Hz, 1H, NH), 7.00-7.10
(m, 2H, thienyl CH, C 2, Ld1®ied L thieRyiGs). 7.05-7.95 (m, SH, Ar).

tert-Butyl N-((benz :__=:-;:;;‘ | a niate (VI-21) was prepared
from a reaction of propionaldehy mmol), rert-butyl carbamate (V) (1.17
g, 10 mmol), and sodiwm b nest noj) as described earlier with

a slight modiﬁcation Uf 1 h. After cooling, white
crystals were filtered @ washed

030 g of VI-21 (1.00 mmgol, 10%) as a whie solid. 'H NMR (CDCs, 200 MHz) §

1.06 (¢, *Ju = ﬂ ﬁ, E}W ﬂﬂﬁnﬂ%)ﬂ!}zn (m, 1H, CH),

4.76 (dt, 3Jmi—11|5 Hz, 1H, CHSOzPh) 5.00 (d, JHH—IOSHZ 1H, NH) 7.47-7.91

" SH‘:PW'W ANNIUNAIINYIAY
HNJJ\O/|<

SO,Ph
VI-22
tert-Butyl N-((benzenesulfonyl)butyl)carbamate (V I-22) was prepared from
a reaction of butyraldehyde (0.58 g, 10 mmol), tert-butyl carbamate (V) (1.17 g, 10

1th water and diethyl ether to give

mmol), and sodium benzenesulfinate (1.64 g, 10 mmol) as described earlier with a
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slight modification. The mixture was heated at 70 °C for 1 h. After cooling, white
crystals were filtered and washed sequentially with water and diethyl ether to give
0.60 g of VI-22 (1.90 mmol, 19%) as a white solid. 'H NMR (CDCl3, 200 MHz) §
0.93 (t, 3H, CHs), 1.23 (s, 9H, (CHs)s3), 1.30-1.50 (m, 2H, CH,), 1.63-1.74 (m, 2H,
CH,), 2.17-2.28 (m, 2H, CH,), 4.81 (dt, >Jyyy = 10.7 Hz, 1H, CHSO,Ph), 4.97 (d, *Juy
=10.8 Hz, 1H, NH), 7.47-7.91 (m, 5H, Ar).

tert-Butyl N-((be st y1)i arbamate (VI-23) was
iso-butyraldehyde (0. et ' ) (1.17 g, 10 mmol), and

sodium benzenesulfine bed earlier with a slight

SC]
modification. The mixtu cate _ °C f¢ \\ \fter cooling, white crystals
were filtered and washed g€q .% yater and diethyl ether to give 1.36 g of
VI-23 (7.95 mmol, 80%) a Tid R (CDCl3, 200 MHz) & 1.06 (d,
Juu = 6.7 Hz, 3H, CH(CH3)2) 8 Hz, 3H, CH(CHs),), 1.20 (s, 9H,
C(CHs)s), 2.72-2.81 11.3 Hz, 3.4 Hz, 1H,
CHSO,Ph), 5.13 (dL'F8 R Jn, s Ar); C NMR
(CDCl3, 50 MHz, {1@) o 16.90,°20.6 C 3)2ﬁ26.72 (CH(CHs3),), 27.97
(C(CH3)3), 74.27 (CHSQuPh), 80.75 (C(GHs)s), 129.08, 133.71, 138.03, 154.08

s ﬂﬁﬁ?ﬂﬂﬂiﬂﬂﬂﬂ‘ﬁ

ammnw&ﬁﬁﬂmaa

tert-Butyl N—((benzenesulfonyl)pentyl)carbamate (VI-24) was
pentaldehyde (0.86 g, 10 mmol), tert-butyl carbamate (V) (1.17 g, 10 mmol), and
sodium benzenesulfinate (1.64 g, 10 mmol) as described earlier with a slight
modification. The mixture was heated at 70 °C for 1 h. After cooling, white crystals

were filtered and washed sequentially with water and diethyl ether to give VI-24 (1.31
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g 4.00 mmol, 40%) as a white solid. 'H NMR (CDCls, 200 MHz) & 0.90 (t, *Ji =
6.8 Hz, 3H, CH3), 1.26 (s, 9H, (CHs)s), 1.04-1.69 (m, 4H, (CH),), 2.18-2.28 (m, 2H,
CH,), 4.84 (dt, *Ju = 10.6 Hz, 3.2 Hz, 1H, CHSO,Ph), 4.99 (d, /i = 10.3 Hz, 1,
NH), 7.47-7.91 (m, 5H, Ar).

tert-Butyl N-((benzénesy onyl)i pﬁamatc (VI-25) was
isovaleraldehyde (0.86 (V) (1.17 g, 10 mmol), and

sodium benzenesulfi ned earlier with a slight

modification. The mi fter cooling, white crystals
were filtered and wash thyl ether to give 1.60 g of
VI-25 (4.89 mmol, 49%) ¢ c DCl;, 200 MHz) 8 0.91 (t, *Ji
‘ 1.20 (s, 9H, (CHs)3), 1.63-1.80
(m, 1H, CH(CH3)2) 1.95%2.0, (m 2K ‘», un = 10.3 Hz, 1H, NH), 4.70

92 (m, SH, Ar).

SO,Ph

ﬂuﬁﬁ‘i’lﬁlﬁfmﬂﬂ‘i

tert-Butyll N—((benzenesulfonyl)tert-butyl)carbamate (V I-26)  was

v i ip ooy a1
sodium nesu 1) ed earlier w1th a slight

modification. The mixture was heated at 70 °C for 1 h. After cooling, white crystals

were filtered and washed sequentially with water and diethyl ether to give 0.81 g of
VI-26 (2.47 mmol, 25%) as a white solid. 'H NMR (CDCls, 200 MHz) & 1.18, (s,

9H, (CHz)3), 1.25 (s, 9H, (CH3)3), 4.64 (d, *Jun = 11.6 Hz, 1H, CHSO,Ph), 5.25 (d,
*Jun = 11.0 Hz, 1H, NH), 7.46-7.93 (m, 5H, Ar).
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VI-27
tert-Butyl N-((benzenesulfonyl)decyl)carbamate (V I-27) was prepared from
a reaction of decanaldehyde (1.56 g, 10 mmol), tert-butyl carbamate (V) (1.17 g, 10
mmol), and sodium benzenesulfinate (1.64 g, 10 mmol) as outlined earlier with a
14t 70 °C for 1 h. After cooling, white

crystals were filtered and washed sequentiatly"withawater and diethyl ether to give VI-

- "'s..‘: 3
it @blid TENMR (CDCls, 200 MHz) & 0.86 (t,

27 (0.59 g, 1.48 mmol, 15%)-as-aw
36 R (m, 1AM (CH, 7), 2.15-2.27 (m, 2H, CH,),

slight modification. The mixture was

3H, CH), 1.19 (s, 9H, ;
4.81 (dt, *Juyy = 10.6 =109 Hz, 1H, NH), 7.47-7.91

(m, SH, Ar).
tert-Butyl N:((benzenesulfonyl)-2 carbamate (VI-28) was
prepared from a Efﬂ:‘. . 10 mmol), rert-butyl

carbamate (V) (1.17 g, :li' i esulfinate (1.64 g, 10 mmol) as

described earlier with a'sli;ht modification. Lhe mixture was heated at 70 °C for 1 h.

After cooling, whi ~ ? dTﬂﬁally with water and
diethyl ether tﬂvummﬁﬁ) mmo ,ag%) as a white solid. 'H NMR
(CDCl3,.20 ) S.1. fﬁ 97 m f ﬁ , CH,), 5.01
(, mﬁlﬁ ﬁa{&ﬂﬁ ﬁ;ﬂf{i z13l z’,T ) ﬂ{ozph), 7.IR-

7.95 (m, 10H, Ar).
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VI-29
tert-Butyl N-((benzenesulfonyl)3-phenylpropyl)carbamate (VI-29) was
prepared from a reaction of 3-phenylpropionaldehyde (1.34 g, 10 mmol), fert-butyl

benzenesulfinate (1.64 g, 10 mmol) as

described earlier with a slight mo Phosixture was heated at 70 °C for 1 h.
After cooling, white crys 4z g pd am sequentially with water and

diethyl ether to give y 4. \;\ s a white solid. 'H NMR
(CDCls, 200 MHZ) & s Y2 Y9H, CHy), 2.50-2.89 (m, 2H,
CH,), 4.84 (t,° S =1 OzP1)15.03 (s, Ji= 11.3 Hz, 1H, NH), 7.11-
7.89 (m, 10H, Ar).

"lu
..' te (VI-30) was prepared

g, 10 mmol), fert-butyl
carbamate (V) (1. lij 10° mol) and sodiuth’benzenes l 1.64 g, 10 mmol) as

outlined earherﬂx ﬂl@n fam i\&ﬂ a ted at 70 °C for 1 h.

After cooling, te crystals were filtered and w; /ashed sequentialdys with water and
o R EPITVITH (IR T £5 a8 Bt o
(CDCl3, 200 MHz) § 1.21 (s, 9H, (CHs)3), 1.05-2.17 (m, 10H, (CHa)s), 2.40-2.53 (m,
1H, CH), 4.71 (dd, *Juy = 11.8 Hz, 3.2 Hz, 1H, CHSO,Ph), 5.17 (d, *Juy = 11.8 Hz,
1H, NH), 7.47-7.90 (m, 5H, Ar).

tert-Butyl N- (ber

from a reaction of !I clohexanecarboxaldehyde (11
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VII-1
N-(benzylsulfonyl)formamide (VII-1) The procedure of Leusen et al.was
followed.** A stirred mixture of sodium benzene sulfinate (0.98 g, 6.0 mmol),

benzaldehyde (0.96 g, 9.0 mmol), fomx .70 g, 60.0 mmol), water (3 mL), and
46 ] e mixture was cooled to room
Sitate was collected and washed

er ,\\\3:.. oviding 0.048 g of VII-1 (0.17

formic acid (0.8 mL) was heated at 60°
temperature with continuoii§"sti

thoroughly with water

mmol, 10%) as a yell J \{\\\ ), 6.33 (d, *Ji = 10.8 Hz,
1H, CHSO,Ph), 6.84 (/=410 4 1z, 1 \ \" ' 06 (m, 10H, Ar), 8.14 (s,
1H, CHO). \\\
CH
N-(benzylsu' | £ ‘ e of Leusen et al.was
N I'I:
followed.*® A stirred -“ ixture of sodium benzene sulfinate (0.98 g, 6.0 mmol),

benzaldehyde (0.96 g, 9.0'mamol), acetamidex(8.54 QO .0 mmol), water (3 mL), and

rornic aeid 0 P Feb PSR o i Fhe bk wascooed 10 room

temperature mtlslcontlnuous stirringg and the pregipitate was collected and washed

oy T SR TR VL 0

mmol, 15%) as a white solid. 'H NMR (CDCls, 400 MHz), 1.97 (s, 3H, CH;), 6.36
(d, *Jun = 10.5 Hz, 1H, CHSO,Ph), 7.00 (d, *Juy = 10.5 Hz, 1H, NH), 7.30-7.91 (m,
10H, Ar).
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VII-3
Benzyl N-((benzenesulfonyl)benzyl)carbamate (VII-3) was prepared from a
reaction of benzaldehyde (1.05 g, 10 mmol), benzylcarbamate (1.52g, 10 mmol), and

1.05.g of VII-3 (2.75 mmol, 27%) as a v '"H NMR (CDCl3, 200 MHz) &
4.94 (s, 2H, CHyPh), 5.96 (fi: ) 786 (m, 10H, Ar).

Ethyl N-((benzeng
reaction of benzaldehyde (1.4

II-4) was prepared from a
ylcarbamate (1.76g, 10 mmol), and
sodium benzenesulfinate (1. 64 sording to the general procedure
2%a-a white solid. 'H NMR

CH,CHs), 5.95 (s, 1H,

 outlined earlier to giyel
(CDCl;, 200 MHz) .4
CHSO,Ph), 7.27-7.89 (

10H, Ar). . J

&5 Genenil *ﬂ %'ﬂ ’Jm&n‘m 5&"1 {ihinbihbsphonates (VI
Q’ﬁ’lﬁNﬂiﬁu &ﬂﬂ@’éﬂﬁl’lﬁ t

P(OEY),
O

VIII
Method A (for VI derived from aromatic aldehyde) : To a solution of tert-
butyl N-((benzenesulfonyl)alkyl)carbamate (VI) (0.25 mmol) in THF (2 mL) was
added diethyl phosphite (0.035 mL, 0.275 mmol) and DBU (0.075 mL, 0.5 mmol).

The mixture was stirred at room temperature for 1 h then solvent was evaporated to
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give the crude product. Purification of crude material by column chromatography
(gradient elution, 10% to 20% EtOAc/Hexane) resulted in the desired o
aminophosphonates (VIII).

Method B (for VI derived from aliphatic aldehyde) : A reaction of rert-
butyl N-((benzenesulfonyl)alkyl)carbamate (VD (0.25 mmol), diethyl phosphite
(0.035 mL, 0.275 mmol), and K,COs (0.069 mg, 0.5 mmol) in CH3;CN (2 mL). The
mixture was stirred at room temperature for 2 d. Water (2 mL) were added to a

reaction and the mixture was # ith CH,Cl, (4x3 mL). Solvent was

evaporated to give the cru

chromatography (gradien: %o 16 IS‘mexane) yielded the desired o-

aminophosphonates (VV ——

; ion of crude material by column

Diethyl [1-(N-tert-bittoiscacho benzyl]phosphonate (VIII-1)

A reaction of rert-b ' yl)carbamate (VI-1) (86.8
mg, 0.25 mmol), didk piphosphite (0.0% S mi 027 S manol). ¢ d DBU (0.075 mL, 0.5
mmol) via method A" affore r" as a white solid (0.071 g,
0.21 mmol, 83%), mp: ¥18-119°C (lit.*" : 118-120°C). 'F'NMR (CDCl3, 200 MHz) &

1.09 (t, 3JHH=7ﬁxﬁ ‘%Mﬁ ﬁocmcm), 1.40 (s,
9H, C(CH)s), "i.l4 jg!m, Joe . 5. %L, ll.IpL 0.4 Hz, *Jyy = 10.3
Hz, 1H, CHP), 7.26-7.37 (m, 5H, Ar); *'P NMR (%c 2 ﬁﬁf {'H}) 5 21.89;
°C NMR| ( éﬂﬁs\ﬁsﬁlxﬁﬂ&ﬁd lﬁ;]d Jm &Lcm), 16.34

@, 2T L 4.2 Hz, OCH,CHs), 28.21 (C(CHs)3), 51.73 (d, "Jep = 153.0 Hz, CHP),
62.99 (d, *Jop = 6.2 Hz, OCH,CH3), 63.18 (d, *Jor = 8.3 Hz, OCH,CH3), 80.24
(C(CHa)3), 127.75, 127.79, 127.97, 128.51, 135.42, 154.84 (d, *Jep = 10.3 Hz, C=0);

EIMS (70 eV) m/z (relative intensity) 344 [MH]" (100), 288 (20), 206 (10), 150 (44),

106 (36), 79 (14); Anal. Caled for C;¢H,¢NOsP: C, 55.97; H, 7.63; N, 4.08. Found: C,
55.90; H, 7.96; N, 4.09.
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P(OEY),
o)
VIII-2

Diethyl [l-(N-tert-butoxycarbonylamino)(4'-ﬂuorobenzyl)]pbosphonate
(VIII-2)

othod A described above, a reaction of rert-
butyl N-((benzenesulfonyl)-4-fluor l' »(« dafmage (VI-2) (91.2 mg, 0.25 mmol),
diethyl phosphite (0.035 mI0:295 mmgl), andBBL0.075 mL, 0.5 mmol) yielded
S0 “- '.20 mmol, 80%), mp: 101-
102 °C. "H NMR (C W\, “/im=7"1 Hz, 3H, OCH,CH;), 1.27
t *Jhm = 7.1 Hz, 18% (65 9 OH3)3), 3.69-4.16 (m, 4H,
OCH,CH3), 5.05 (dd, 2 T2 o= OV, THINCEP), 5.53 (br, 1H, N,
6.96-7.40 (m, 4H, Ar); ° (@5 320235 MHz, {'H}) & 22.01; '*C NMR
(CDCl3, 50 MHz, {'H}) & #6. 16 ¢d:* ar ). 7Hzy OCGH,CHs3), 16.37 (d, *Jep = 5.7
Hz, OCH,CH3), 28.22 (C $97 1 53.5 Hz, CHP), 63.25 (d, YJep =
5.9 Hz, OCH,CHj), 80.47 (C(CHajak—t15 . .68, 129.36, 129.48, 131.48, 154.96
(C=0); EIMS (70 eV) m/z(relative qntensit 1"

Via the general procedure of's \

o-aminophosphonate V

00), 344 (16), 306 (22),
168 (52), 124 (37), ;-;m‘sg 53.18; H, 6.97: N, 3.88.

Found: C, 53.39; H. 6. “;'ii \, - m

Auginendpenns
AMaNSEIRTngd

VIII-3

Diethyl [1-(N-tert-butoxycarbonylamino)(4 ‘-chlorobenzyl)|phosphonate
(VIII-3) '

Via the general procedure of method A described above, a reaction of fert-
butyl N-((benzenesulfonyl)-4-chlorobenzyl)carbamate (VI-3) (95.4 mg, 0.25 mmol),
diethyl phosphite (0.035 mL, 0.275 mmol), and DBU (0.075 mL, 0.5 mmol) resulted
in 0.071 g of a-aminophosphonate VIII-3 as a white solid (0.19 mmol, 75%), mp:
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131-132°C. 'H NMR (CDCl3, 200 MHz) 8 1.13 (t, Juy = 7.1 Hz, 3H, OCH,CHj),
1.27 (t, *Juu = 7.1 Hz, 3H, OCH,CH3), 1.39 (s, 9H, C(CH3)3), 3.72-4.16 (m, 4H,
OCH,CH;), 5.04 (dd, *Jip = 22.2 Hz, *Juys = 9.6 Hz, 1H, CHP), 5.48 (br, 1H, NH),
7.26-7.51 (m, 4H, Ar); >'P NMR (CDCls, 202.35 MHz, {'H}) & 21.89; '3C NMR
(CDCl3, 50 MHz, {'H}) 8 16.31 (OCH,CHs), 16.42 (OCH,CHs), 28.21 (C(CHs)s).
51.29 (d, 'Jep = 155.1 Hz, CHP), 63.25 (OCH,CHs), 80.51 (C(CHs)s), 128.69, 129,08,
129.19, 133.89, 134.24, 154.78 (C=0); EIMS (70 eV) m/z (relative intensity) 380

Diethyl [1-(N-tert-

(VIII-4)
Via the general proceduie of i

po)(4-bromobenzyl)|phosphonate

eribed above, a reaction of rert-

butyl N-((benzenesulfonyl)-4-bromobenzviicarbamate (V1 _,‘ (106.5 mg; 0.25 mmol),

diethyl phosphite (0.0 Saml /S mL, 0.5 mmol) gave o-

|
aminophosphonate VI =4 (0.081 g, 0.19 mmol, 77%) @s a white solid, mp: 112-

114°C. 'HN ﬁ)ﬂ ﬁm mzﬁ OCH,CH), 1.29 (.
=171 H:E]:% szs ;rr (m, 4H, OCH,CH,),
5.05(dd, “Jip = 24.3 Hz, *Jyy = 9.8 Hz, 1H (El }i Mzwso (m,
4H, Ar)q %«’1 @ﬁlﬁcﬁsﬂm{ﬁ% 5{" OClz, 50 MHz,

('HY) & T6.32 (OCH,CHs), 16.44 (OCH,CHs), 28.23 (C(CHs)s), 51.38 (d, 'Jep =
140.3 Hz, CHP), 63.29 (OCH,CHs), 80.58 (C(CH)s), 122.04, 129.48, 131.65, 134.70,
154.78 (C=0); EIMS (70 eV) m/z (relative intensity) 424 [M+2]" (82), 422 [M]" (85).
421 (30), 368 (30), 367 (15), 366 (38), 350 (11), 316 (14), 289 (21), 284 (24), 230

(97), 229 (12), 228 (100), 186 (55), 185 (13), 184 (57), 83 (12); Anal. Caled for
CieHasBINOsP: C, 45.51; H, 5.97; N, 3.32. Found: C, 45.30: H, 5.93; N, 3.01.
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P(OE),
NC 0
VIII-S
Diethyl [1-(N-tert-butoxycarbonylamino)(4'-cyanobenzyl)|phosphonate

(VIIL-5)

A reaction of tert-butyl N«((l fonyl)-4-cyanobenzyl)carbamate (VI-
§) (10.3 mg, 0.25 mmol), dieth sphite al_, 0.275 mmol), and DBU (0.075
mL, 0.5 mmol) via method A pfovided -m@onate VIII-S as a white solid
(0.082 g, 0.20 mmol, SOV T Ta:14 NMRYCDCL, 200 MHz) 5 1.16 (¢,

Jun = 7.1 Hz, 3H, O g \7\\\}\ z, 31, OCH,CHs), 1.41 (s, 9H,
\\\

22.7 Hz, *Jy = 9.3 Hz, 1H,
CHP), 5.52 (br, 1H, N&, R (CDCl3, 202.35 MHz,
{'H}) § 20.96; *c NMRFf(QDgl; IS 16.16 (d, *Jop = 4.1 Hz,

OCH;CH;), 1635 (d, Jopff M1 H2COCHEH) (C(CHa)s), 51.88 (d, Jep =

C(CHs)s), 3.76-4.17 (

153.0 Hz, CHP), 63.42 (d, P HoCH3), 80.90 (C(CHs)3), 111.81,
-

118.54, 128.36, 128.39, 132.24, 4421 15 d, *Jep = 10.3 Hz, C=0); EIMS (70

eV) m/z (relative intensity 9), 363.(10), 313 (16), 133 (11),

131 (27); Anal. Cal& é{"“_’!“?',"_'!_‘!"_',.". S, 55,43, H, 0.5 "# 7.60. Found: C, 55.52;
H, 6.75; N, 7.52.

]

ﬂuaqwawﬁwﬁwni
Qﬁﬂaﬁﬂim’?ﬂmw

VIII-6
Diethyl [l-(N-tert-butoxycarbonylamino)(4'—nitrobenzyl)]phosphonate
(VIII-6)
A reaction of rert-butyl N-((benzenesulfonyl) 4-nitrobenzyl)carbamate (VI-6)
(98.0 mg, 0.25 mmol), diethyl phosphite (0.035 mL, 0.275 mmol), and DBU (0.075
mL, 0.5 mmol) via method A afforded 0.055 g of a-aminophosphonate VIII-6 as a

yellow solid (0.14 mmol, 57%), mp: 138-139°C. 'H NMR (CDCl3, 200 MHz) 6 1.17
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(t, *Jun = 7.0 Hz, 3H, OCH,CH), 1.28 (t, *Jy = 7.1 Hz, 31, OCH,CHj), 1.40 (s, 9H,
C(CH)3), 3.84-4.18 (m, 4H, OCH,CH3), 5.17 (dd, %Jup = 23.6, *Jun = 8.7 Hz, 1H,
CHP), 5.59 (br, 1H, NH), 7.74-7.22 (m, 4H, Ar); *'P NMR (CDCls, 202.35 MHz,
{'H}) 8 20.73; *C NMR (CDCL, 50 MHz, {'H}) & 16.30 (OCH,CH3), 16.42
(OCH,CH), 28.19 (C(CH;)3), 51.66 (d, 'Jep = 166.4 Hz, CHP), 63.56 (OCH,CH3),
80.97 (C(CHs)s), 123.65, 128.64, 143.27, 147.52, 155.50 (C=0); EIMS (70 eV) m/z
(relative intensity) 388 [M]" (100), 362 (18), 344 (21), 333 (57), 315 (10), 288 (16),
195 (48), 151 (40), 83 (13); Anal. sN207P: C, 49.48; H, 6.49; N, 7.21.
Found: C, 49.45; H, 6.54; N, 7.

Diethyl [1-(N-tert-£ arboiylam 3% nitrobenzyl)|phosphonate
(VIII-7) 2
Via the general proced ,%u cribed above, a reaction of terr-
butyl N-((benzenesulfe 5__________________________...--....__,T.,J 98.0 mg, 0.25 mmol),
diethyl phosphite (0. ?f— -\ . mL, 0.5 mmol) affored
a-aminophosphonate Vj J I-7 as a pale yellow solid (0.0 “ g, 0.14 mmol, 57%), mp:

115-116°C. 'H NMR (CH@k, 200 M (t z, 3H, OCH,CH;),
1.29 (t, 3y = ’J)?Iﬂ ﬂ:;ﬁ{ gﬁaﬁi 81-4.18 (m, 4H,
OCH,CH), 5.19(dd, *Jup = 20.8 Hzg *Jiys = 8.4 Hg, 1H, CHP), %57 (br, 1H, NH)

s QARG ARG AT IH BIpibhan, 100
(OCHchL) 2821 (C(CHa)s), 51.47 (d, 'Jep =148.2 Hz, CHP), 63.51 (OCH,CHj),
81.03 (C(CHs)s), 122.42, 122.99, 129.44, 133.88, 138.15, 148.30 (C=0); EIMS (70
eV) m/z (relative intensity) 388 [M]" (33), 333 (44), 315 (30), 286 (17), 271 (11), 244
(13), 195 (61), 178 (25), 152 (13), 151 (i00), 134 (12), 111 (15), 105 (22), 104 (22),

83 (30); Anal. Calcd for Ci6HysN,04P: C, 49.48; H, 6.49; N, 7.21. Found: C, 49.49;
H, 6.41; N, 7.18.
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P(OEt),
NG
VIII-8
Diethyl [1-(N-tert-butoxycarbonylamino)(Z'-nitrobenzyl)]phosphonate
(VIII-8)

Via the general procedure g

1 JA_described above, a reaction of fert-
Maie VI-8 (98.0 mg, 0.25 mmol),

diethyl phosphite (0.035 m (0275 1), @0 075 mL, 0.5 mmol) affored
a-aminophosphonate VIS (0

IO as a yellow solid, mp: 105-
—
107°C. 'H NMR (CDe¥ 200 ,/’1 \"\“\\t

. \ \ \:\- , 3H, OCH,CHs), 1.30 (t,
5)3)33.75-4.21 (m, 4H, OCH,CH;),

\ \ N or, 1H, NH), 7.41-8.15 (m,
\Ta *Jp = 12.0 Hz, OCH,CH3),

47.20 (d, "Jop = 151.4 Hz,

*Jun = 7.3 Hz, 3H, OGH(
6.41 (dd, *Jiyp = 23.8 Jif
4H, Ar); °C NMR (CD@#,

16.32 (d, *Jep = 5.7 Hz, @ 1‘“ \\,
J='""

CHP), 63.51 (d, *Jop =73 HZ O :;_-n OIS (d,%Jcp = 7.4 Hz, OCH,CH3), 80.85

(C(CHs)3), 125.34, 128.60, 131.76,433 4 315466, 148.35 (C=O); EIMS (70 eV) m/z
. . LRI LI

(relative intensity) 389 [MH] (28); 388 (1 35), 289 (11), 287 (20),

259 (15), 214 (12), VW‘ ).104 (22), 83 (30); Anal.
Calcd for C16H25N207 , . g Ol ﬂc, 4948, H, 646, N, 7.14.

UL INENIPEINT
ammﬂm@?ﬂ”ﬁﬂmaa

VIII-9

Diethyl [1-(N-tert-butoxycarbonylamino)(4 ‘-methylbenzyl)|phosphonate
(VIII-9)

Via the general procedure of method A described above, a reaction of fert-
butyl N-((benzenesulfonyl)-4-methylbenzyl)carbamate (VI-9) (90.3 mg, 0.25 mmol),
diethyl phosphite (0.035 mL, 0.275 mmol), and DBU (0.075 mL, 0.5 mmol) obtained
a-aminophosphonate VIII-9 as a white solid (0.078 g, 0.22 mmol, 88%), mp: 85-
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86°C. 'HNMR (CDCls, 200 MHz) § 1.09 (t, *Ji = 7.1 Hz, 3H, OCH,CHj3), 1.27 (t,
*Jun = 7.1 Hz, 3H, OCH,CHj), 1.38 (s, 9H, C(CHs)s), 2.29 (s, 3H, CHsPh), 3.65-4.16
(m, 4H, OCH,CH), 5.04 (dd, *Jyp = 21.8 Hz, *Jigy = 9.3 Hz, 1H, CHP), 5.51 (br, 1H,
NH), 7.09-7.28 (m, 4H, Ar);*'P NMR (CDCls, 202.35 MHz, {'H}) § 22.66; >C NMR
(CDCls, 50 MHz, {'H}) § 16.15 (d, *Jcp = 5.8 Hz, OCH,CHs), 16.37 (d, *Jep = 5.8
Hz, OCH;CH;), 21.10 (C(CHy)s), 5147 (d, 'Jcp = 154.5 Hz, CHP), 63.02 (d, 2Jp =
7.8 Hz, OCH,CHs), 63.17 (d, *Jer = 7.3 Hz, OCH,CHs), 80.19 (C(CHa)s), 127.65,
127.77, 129.22, 132.40, 137.70, p= 9.9 Hz, C=0); EIMS (70 eV) m/z
(relative intensity) 358 [MH 7 13), 164 (58), 120 (52), 93 (16),
91 (16); Anal. Caled for : OF57. [3kiesded®; N, 3.92. Found: C, 57.42; H,

Diethyl
phosphornate (VIII-10 ¥
described  above %’i‘fl_. éf‘ N-((benzenesulfonyl)-4-
isopropylbenzyl)carbange -1¢ g 0.25 mm@, diethyl phosphite (0.035
mL, 0.275 mmol), and DBU(0.075 mL, 0.5gumol) gave o-aminophosphonate VIII-

10 as colorlessﬁ'% &bga éw.w154w Elﬂzﬂ:ﬁ '"H NMR (CDCl;,

200 MHz) & 1.09 (¢, *Jiy = 6.9 Hzg 3H, OCH,CHs), 127 (t, *Jgy = 7.3 Hz, 3H,
octcQUBT R F B AR 1 o R oo
3.85 (mmcm Hs), 5.06 (dd, “Jup = 21.2 Hz, *Jun = 10.2 Hz, 1H, CHP), 5.51
(br, IH, NH), 7.14-7.30 (m, 4H, Ar); °C NMR (CDCls, 50 MHz, {'H}) 5 1625 (d.
*Jer = 8.2 Hz, OCH,CH;), 1638 (d, Jop = 5.5 Haz, OCH,CHj), 23.91 (CH(CHs),),
28.25 (C(CHs)s), 33.80 (CH(CHs)), 5145 (d, Jep = 1582 Hz, CHP), 63.09
(OCH;CH;), 63.23 (OCH,CH), 80.22 (C(CHsY), 126.64, 127.73, 132.64. 148.70,
154.85 (d, *Jep = 9.6 Hz, C=0); EIMS (70 eV) m/z (relative intensity) 385 IM]* (57),
330 (17), 248 (13), 193 (13), 192 (100), 148 (65), 132 (11): Anal. Caled for
CioHzNOsP: C, 59.21; H, 8.37; N, 3.63. Found: C, 59.29: H, 8.33: N. 3.61.

onylamino)(4'-iso-propylbenzyl)]

procedure of method A
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O
HN/U\O/k

P(OE),
o)

VIII-11

Diethyl [1-(N-tert-butoxycarb amino)(4'-tert-butylbenzyl)]

Via the general proc { ;ibed above, a reaction of ters-
butyl N-((benzenesulfony Benzyl)earbamate (VI-11) (100.8 mg, 0.25

mmol), diethyl phosphife //9-278 mmolsand DBU (0.075 mL, 0.5 mmol)
yielded 0.094 g of a-aminephoshifote ! as a.whi ite solid (0.24 mmol, 94%),
mp: 121-123°C. 'H*NME’ 208, -1.39 (m, 24H, OCH,CH,
(CHs);, C(CH;)3Ar), 346-4 b 4H; OCH;CH3)). \“ dd, 2Jup = 21.3 Hz, *Jyy =

9.5 Hz, 1H, CHP), 5.5 , Ar); *'P NMR (CDCl,,

202.35 MHz, {'H}) § 22.7, , {'H}) 8 16.14 (OCH,CHj),
16.44 (OCH,CH3), 28.26 ( ) JAT), 51.36 (d, 'Jop = 154.8 Hz,
CHP), 62.97 (OCH,CHj), 63.1 »--'——f 80.19 (C(CHa)3), 125.50, 127.43,
127.54, 130.25, 15169, 456150 (C=0):Ell

[MH]" (58), 344 (20}, F62C16): 20
for CyoH34NOsP: C, 60.B;

nyz (relative intensity) 400
"3), 147 (16); Anal. Calcd

y 6@@; H, 8.54: N, 3.39.
ﬂuﬂﬂﬂﬂﬂﬁﬂﬂﬂﬂi
awwmﬂam‘ﬁ“ﬁwmaﬂ

VIII-12
Diethyl [1-(N-tert-butoxycarbonylamino)(4'-methoxybenzyl)]phosphonate
(VIII-12) was synthesized via the general procedure of method A described above
from a reaction of tert-butyl N—((benzenesulfonyl)-4-methoxybenzyl)caxbamate (VI-
12) (94.3 mg, 0.25 mmol), diethyl phosphite (0.035 mL, 0.275 mmol), and DBU
(0.075 mL, 0.5 mmol) obtained a-aminophosphonate VIII-12 (0.073 g, 0.20 mmol,
78%) as clear colorless crystals, mp: 85-87°C (lit.** : 78-80°C). 'H NMR (CDCls,
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200 MHz) & 1.07 (t, *Juy = 7.1 Hz, 3H, OCH,CHj), 1.25 (t, *Juy = 7.1 Hz, 3H,
OCH,CHj), 1.36 (s, 9H, C(CHs)s), 3.63-4.14 (m, 4H, OCH,CHs, ), 3.77 (s, 3H,
OCHj), 5.00 (dd, *Jup = 21.2 Hz, *Juu = 9.7 Hz, 1H, CHP), 5.52 (br, 1H, NH), 6.75-
7.34 (m, 4H, Ar); *'P NMR (CDCls, 202.35 MHz, {'H}) & 22.74; 3C NMR (CDCL,
50 MHz, {'H}) & 16.17 (d, *Jep = 5.7 Hz, OCH,CHs), 16.38 (d, *Jep = 5.7 Hz,
OCH,CHj), 28.22 (C(CHs)s), 51.10 (d, 'Jep = 154.9 Hz, CHP), 55.20 (OCHs), 62.96
(d, *Jcp = 8.7 Hz, OCH,CH3), 63.12 (d, 2Jp = 7.7 Hz, OCH,CHs), 80.15 (C(CH»)3),
113.94, 127.55, 128.98, 129.10, 1 .97 (C=0); EIMS (70 eV) m/z (relative
intensity) 374 [MH]" (37), 3 ), 181 (11), 180 (100), 162 (11),
136 (54), 134 (20), 109 (23 : C, 54.68; H, 7.56; N, 3.75.

Diethyl [1- (N-tert-buto 1-5’ #@'
(VIII-13) -

A reaction 1{— A ethoxybenzyl)carbamate
(VI-13) (94.3 mg, 0.2 ol), d phosphitc (0.035mL, 0.275 mmol), and DBU
(0.075 mL, 0.5 mmol) vi agmethod A yieldedg),087 g of o-aminophosphonate VIII-13

- s sonﬁpurs PRHVITHE DRGcocr, 0w s

112 (t, *Jin = 7991z, 3H, OCH,CHy), 1.29 (t, 3JH = 7.1 Hz, 3H, QCH.CHs), 1.38 (s,

VMG RIS ) 17 A1) R

NMR (CDCl;, 202.35 MHz, {'H}) 8§ 22.39; '*C NMR (CDCL, 50 MHz, {'H}) &
16.17 (OCH,CHj), 16.45 (OCH,CHs), 28.25 (C(CHs)s), 51.81 (d, 'Jep = 155.0 Hz,
CHP), 55.22 (OCH3), 63.22 (OCH,CH3), 80.37 (C(CHs)s), 113.35, 113.76, 120.17,
129.55, 136.92, 159.65, 155.00 (C=0); EIMS (70 eV) m/z (relative intensity) 373
M]" (16), 317 (35), 316 (13), 273 (48), 272 (49), 244 (14), 180 (99), 162 (13). 136

3'-methoxybenzyl)|phosphonate
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(100), 109 (41), 94 (19); Anal. Calcd for C17HsNOgP: C, 54.48; H, 7.56; N, 3.75.
Found: C, 54.49; H, 7.63; N, 3.72.

one

Diethyl [1- (N-tert-but bonylafy -methoxybenzyl)|phosphonate
(VIII-14) — '

A reaction of g =2-methoxybenzyl)carbamate
(VI-14) (943 mg, 0.2 /’// ' - ‘ o L, 0.275 mmol), and DBU

o
(0.075 mL, 0.5 mmol) affore / ’ ophi 1 \\\

\:\ =14 0.069 g as a white solid
(0.19 mmol, 74%), mp: - l' f "l;‘ 9 \\u

200, MHz) & 1.05 (t, >Jigs = 7.0
Hz, 3H, OCH,CHs), 1.27 : & Er JCHs), 1.40 (s, 9H, C(CHs)s),
3.63-4.20 (m, 4H, OC

0 (& 4 (d, >Jun = 9.1 Hz, 1H, CHP),
5.67 (br, 1H, NH), 6.84-7.338(m, 40" Az ‘\ DCI3, 202.35 MHz, {'H}) &

22.96; *C NMR (CDCls, 50 ) 5= (d, “Jcp = 5.9 Hz, OCH,CHj3), 16.42
(d, *Jep = 5.7 Hz, OCHCE ) 2828 (G(C 44 (d,.'Jep = 154.8 Hz, CHP),

55 74 (OCH3) 62 Y u.l__-—-b_-iﬁ—i_—_—“‘ 0 (d ZJCP . 70 HZ

OCH;CH3), 80.02 ( e-;‘ : 182, 129.18, 157.00, 154.82
J

(d, *Jep = 8.8 Hz, C— > EIMS (70 eV) m/z (relative infensity) 373 [M]* (15), 236

27; 51680 N(S;))7 ﬁ: Mﬁﬁ)ﬁﬂﬁﬁlﬁﬁﬂ ?HngO(;P C, 54.48;
AR ANNIUNAIINYIANY
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OH
VIII-15
Diethyl [1-(N-tert-butoxycarbonylamino)(3 "-hydroxybenzyl)|phosphonate
(VIII-15) '
Via the general proced \% \ ‘ ct Escribed above, a reaction of fert-
butyl N-((benzenesulfony QydroxXybenz e (VI-1S) (90.8 mg, 0.25
mmol), diethyl phosphite (0.035emL. 0.2 5 LDBU (0.075 mL, 0.5 mmol)
resulted in o-aminophospk 0.07 g, 0.19 mmol, 77%),
mp: 131-132°C. 'H t, *Jun = 7.0 Hz, 3H.
OCH,CH3), 1.29 (t, *Jun ] . ~ s, 9H, C(CHs);), 3.69-4.19
(m, 4H, OCH,CH), 5.6 =0 (1 Hz A N 1H, CHP), 5.56 (d, > Ju
= 6.4 Hz, 1H, NH), 6 , \ . OH); *'P NMR (CDCl;,
202.35 MHz, {'H}) & 22.66 ( IHZ) 6 16.16 (OCH,CHs), 16.30
(OCH2CHz), 28.26 (C(CH3)f), f:" CHE 2 OCH,CHz3), 63.69 (OCH,CHj),
80.51 (C(CHs)3), 114.71, 11527 ,1&7 136.14, 157.17, 155.07, (C=0);
EIMS (70 eV) m/z (relati /) 359 [M]" (96), 304 ¢ ;;. 303 (34),302 (11), 286
(12), 260 (15), 259 'E— 0 11), 166 (94), 148 (16),
139 (14), 122 (100), 12¥ (13), 120 , 95(30), 83 (1 !rrll 77 (20); Anal. Calcd for
Ci6H26NOgP: C, 53.48; H,67,29; N, 3.90. Found: C ,53.31; H, 7.15; N, 3.67.

AUYIVENINEANS
AWIAINTR!

VIII-16
Diethyl [1-(N-tert—butoxycarbonylamino)(4-pyridylbenzyl)]phosphonate

(VIII-16) was synthesized via the general procedure of method A described above
from a reaction of rert-butyl N—((benzenesulfonyl)-4-pyridylbenzyl)carbamate (VI-16)
(87.1 mg, 0.25 mmol), dicthyl phosphite (0.035 mL, 0.275 mmol), and DBU (0.075
mL, 0.5 mmol) provided a-aminophosphonate VIII-16 as a white yellow solid (0.068
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g 0.20 mmol, 79%), mp: 107-108°C. 'H NMR (CDCls, 200 MHz) & 1.17 (t, *igy =
7.1 Hz, 3H, OCH,CH), 1.26 (¢, *Jun = 7.1 Hz, 3H, OCH,CHs), 1.40 (s, 9H, C(CHs)3),
3.77-4.16 (m, 4H, OCH,CH), 5.08 (dd, “Jypp = 22.9 Hz, *Jigy = 9.0 Hz, 1H, CHP),
5.64 (br, 1H, NH), 7.20-8.57 (m, 4H, Ar); >'P NMR (CDCls, 202.35 MHz, {'H}) &
19.94; °C NMR (CDCls, 50 MHz, {'H}) 5 16.20 (d, *Jep = 8.7 Hz, OCH,CH), 16.34
(d, *Jep = 6.0 Hz, OCH,CHs), 28.20 (C(CH3)3), 51.31 (d, 'Jep = 149.2 Hz, CHP),
63.40 (OCH,CH), 63.54 (OCH,CH;), 80.89 (C(CHs)s), 122.49, 144.90, 149.77,
156.0 (C=0); EIMS (70 eV) m/z (zela Eity) 345 [MH]" (100), 344 (18), 289

(18), 288 (29), 271 (26), 24 . 151 (46), 107 (68), 83 (24), 80
(21); Anal. Calcd for C, N, 8.14. Found: C, 52.31; H,

7.33; N, 8.24.

Diethyl  [1-(N-tert-bu §t m ' 10)(2-pyridylbenzyl)|phosphonate
(VIII-17) was synthe51zed via-the-getie ,_ : 2.0f method A described above, a
reaction of fert-butyl <LOChZencSuliony 2 pyndyibenzvlicarbamate (VI-17) (87.1
mg, 0.25 mmol), dief v.i“- v I‘\ and DBU (0.075 mL, 0.5

f
¢ hosphonate VIII-17 as a pale )

mmol) affored a-ami

cllow solid (0.074 g, 0.22
mmol, 86%), ﬁ % 8 (t, “Jun = 7.0 Hz,
3H, OCH,CH: rﬁﬁ iﬂ]ﬂﬁ ﬂmﬁjﬁi C(CHs)3), 3.87-
411(m 4H, oc »CH3), 5.27 (dd, *fip = 19.9 Hz£2y; ), 6.17 (d,
- GG AL AT LT FN N

{'H}) & 20.86; *C NMR (CDCL, 50 MHz, {'H}) § 16.20 (d, *Jep = 6.2 Hz,
OCH,CH3), 1631 (d, *Jep = 5.4 Hz, OCH,CHs), 28.23 (C(CH3)3), 53.00 (d, 'Jep =
151.2 Hz, CHP), 63.01 (d, *Jep = 6.5 Hz, OCH,CHs), 63.35 d, %Jep = 7.0 Hz,
OCH,CHs), 80.10 (C(CH3)3), 122.81, 123.39, 136.50, 149.07, 153.63, 155.15 (C=0);
EIMS (70 eV) m/z (relative intensity) 345 [MH]" (60), 289 (17), 271 (32), 245 (13),
244 (61), 243 (22), 215 (18), 151 (85), 133 (70), 108 (14), 107 (100), 106 (11), 105
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(27), 80 (20), 79 (18), 78 (14); Anal. Calcd for CisHasNoOsP: C, 52.32; H, 7.32; N,
8.14. Found: C, 52.32; H, 7.38; N, 8.17.

Diethyl [1-(N-tert-but i -naphthylbenzyl)] phosphonate

Via the general proceds | méthc d-A deseri bed above, a reaction of ters-
butyl N-((benzenesulfog aphibiylbénz A 2 -18) (993 mg, 0.25
mmol), diethyl phosphitgs(©. ol J 295 1 ‘ DBU (0.075 mL, 0.5 mmol)
resulted in a-aminophospionafe NV ITI-18°0.08 ; \ hite solid (0.22 mmol, 87%),
mp: 126-127°C. 'H"NM PCis, 200, MHz) ¢ 079 (t, *i = 7.1 Hz, 3H,
OCH,CHj), 1.27-1.35 (M .56-4.27 (m, 4H, OCH,CH3;),
5.71 (br, 1H, NH), 6.00 (d8 : z, 1H, CHP), 7.42-8.22 (m,
7H, Ar); *'P NMR (CDCl;, 202 #5157 £ 22.85; °C NMR (CDCls, 50 MHz,
{'H}) 8 15.88 (d, *Jop = 5.6HE OCH.CH 4_(OCH,CH), 28.26 (C(CHa)s),
47.30 (d, Jep = 155. _,#w@;;.—,;;s—.;;::;ﬁ CHs)s), 123.40, 125.27,
125.86, 126.57, 128. :Ji rj,' =0); EIMS (70 eV) m/z
(relative intensity) 394 X HI" (40), 393 (26), 338 (19), 7 (12), 293 (25), 256 (11),
201 (14), 200 (100), 182 {1 5 5 154.(42), 129 (40), 128
(16), 127 (17); ﬁugjdﬁrﬁoglﬁsﬂlﬁfr,nl N, 3.56. Found: C,
61.11; H, 7.16; N, 3.53. 7 ¢ Y - QS

AWIANNIUNNIINYINE

9 o]
HN/U\O/‘<
O

\ lFI’(OEt)Z
(0]

VIII-19
Diethyl [1-( N-tert-butoxycarbonylamino)(Z-furyl)]phosphonate (VIII-19)
A reaction of tert-butyl N-((benzenesulfonyl)-2-furyl)carbamate (VI-19) (90.0
mg, 0.25 mmol), diethyl phosphite (0.035 mL, 0.275 mmol), and DBU (0.075 mL, 0.5
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mmol) resulted in o-aminophosphonate VIII-19 0.069 g as a pale yellow solid (0.205
mmol, 82%), mp: 94-95°C. 'H NMR (CDCls, 200 MHz) & 1.19 (t, *Jus = 7.0 Hz, 3H.
OCH,CH), 1.30 (t, “Juu = 7.0 Hz, 3H, OCH,CHj), 1.41 (s, 9H, C(CHy)s), 3.82-4.20
(m, SH, OCH,CHs, CHP), 5.30 (br, 1H, NH), 6.31-6.39 (m, 2H, furyl C3H, C4H), 7.37
(d, 1H, furyl CsH); >C NMR (CDCls, 50 MHz, {'H}) & 16.36 (OCH,CHs), 28.24
(C(CHs)3), 46.02 (d, 'Jop = 156.1 Hz, CHP), 63.23 (OCH,CHs), 63.36 (OCH,CHj),
80.54 (C(CHa)s), 108.67, 110.70, 142.66, 148.30 (furyl CH), 155.50, (C=0): EIMS
[ 278 (26), 277 (80), 233 (77), 217
(15), 204 (63), 176 (29), 140 \:: [19,967C100), 94 (14), 83 (15), 69 (28); Anal.
nd: C, 50.45; H, 7.05; N, 4.16.

Diethyl [1-(N-ter arbhonyl mi 2 enyl)|phosphonate (VIII-
20) _ ie
A reaction of tert-bu 'Ay""! benzi
(88.0 mg, 0.25 oljy diethy

fonyl)-2-thienyl)carbamate (VI-20)

7, imol), and DBU (0.075
mL, 0.5 mmol) via dott ek\‘ VIII-14 as a colorless
solid (0.051 g, 0.15 mghol, 59%), mp: 06°C. ! ﬂ'* (CDCl3, 200 MHz) &
1.14 (t, 3 Jgy = 74Hz 3H @EH,CH;), OCH,CHs), 1.37 (s,
9H, C(CHs)s), 6141&1 ’Js?ﬂo&]u 5 Esl}llﬁ ‘% NH), 6.89-6.93 (m,
2H, thienyl c314!-‘c4H), 7.16-7.20 (mg 1H, thienyl CsH); *C NMRg(€DCl;, 50 MHz,
() QPRGN TR VDR e 0 0 -
164.3 HA CHP), 63.35 (OCH,CHs), 63.48 (OCH,CHs), 80.58 (C(CHa)s), 125.37,
126.61, 127.08, 138.02 (thienyl CH), 154.59 (C=0); EIMS (70 eV) m/z (relative
intensity) 350 [MH]" (80), 349 (44), 294 (63), 293 (82), 249 (64), 248 (1), 233 (22),
220 (67), 205 (10), 192 (18), 156 (100), 139 (12), 138 (23), 123 (22), 112 (76), 111
(11), 110 (30), 85 (35), 83 (17); Anal. Calcd for C14H,NOsSP: C, 48.13: H, 6.92: N,
4.01. Found: C, 48.26; H, 7.32; N, 3.97.

04-
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P(OEt),
O

VIII-21
Diethyl [1-(N-tert-butoxycarbonylamino)(propyl)]phosphonate (VIII-21)
was synthesized via the general procedure of method B described earlier from a
reaction of tert-butyl N-((benzenesu opyl)carbamate (VI-21) (74.8 mg, 0.25
and K,COj3 (0.069 mg, 0.5 mmol)
I-21 as colorless oil (0.0417 g,
50:96,(t, *Ju = 7.4 Hz, 3H, CHj),
H3)3), 4.00-4.15 (m, 5H,
NMR (CDCl;, 50 MHz,
, *"" 825 (C(CHs)s), 48.20 (d, 'Jep
= 154.3 Hz, CHP), 62.44 40¢ ' *\;\ \\ 13), 79.84 (C(CHs);), 155.43
(C=0); EIMS (70 eV) #v/ (100), 295 (11), 240 (21),

“-.
222 (12), 197 (10), 102 ( A \ aled for C,H6NOsP: C, 48.81;
H, 8.87; N, 4.74. Found: C, 4 8.

mmol), diethyl phosphite (0.0

0.135 mmol, 54%). 'H
127 (¢, 3k = 7.1 H

. thylﬂ,HEl’JVIEIW?WEHﬂ‘i

ert-butoxycarbonylammo)(butyl)]phosphonate (VIII-22)

o AT R B

phosphite (0.035 mL, 0.275 mmol), and K,CO; (0.069 mg, 0.5 mmol) in CH;CN (2
mL) provided a-aminophosphonate VIII-22 as colorless oil (0.050 g, 0.16 mmol,
65%). 'H NMR (CDCls, 200 MHz) 8 0.91 (t, *Jy = 7.2 Hz, 3H, CH3), 1.30 (t, *Jyy =
7.1 Hz, 6H, OCH,CHs), 1.37-1.74 (m, 13H, (CHs)s, (CH,),), 3.96-4.18 (m, 5H,
OCH,CHs, CHP), 4.63 (d, *Jun = 10.5 Hz, 1H, NH); *C NMR (CDCls, 50 Mz,
{'"H}) & 13.57 (CH3), 16.37 (CHy), 19.02 (d, *Jep = 12.9 Hz, OCH,CH3;), 28.23
(C(CHs)3), 31.91 (CH,), 46.54 (d, 'Jep = 154.6 Hz, CHP), 62.32 (OCH,CH3), 62.59
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(OCH;CHj), 79.79 (C(CHs)s), 155.31 (C=0); EIMS (70 eV) m/z (relative intensity)
310 [MH]" (100), 254 (22), 236 (17), 208 (11), 116 (21), 111 (11), 83 (26).

O
HNJ\Ok

Diethyl [1-(N-tert-but /iso-butyl)]phosphonate (VIII-

A reaction of teri- ~((benzenesukfonyl)iso-butyl)carbamate (VI-23)
(78.4 mg, 0.25 mmol), di

; . : / e x\\\\ 275 mmol), and K,CO3 (0.069
mg, 0.5 mmol) in CHg€N l ~yia ;

\ esulted in 0.069g of o-

23)

aminophosphonate VIII-28 (£ ' less crystals, mp: 52-54°C
(1it.* : 52-55°C). Ics oL » \ d, *Juy = 7.4 Hz, 3H,
CH(CHs),), 0.95 (d, *A 26 (t, *Jun = 7.0 Hz, 6H
(OCH,CHs),), 1.39 (s, 94 Q H}gu 2.19 \,\ H, CH(CHs),), 3.82-4.14 (m,
5H, CHP, (OCH,CHs),), 4.8 r_@ 'NH); *'P NMR (CDCls, 202.23
MHz, {'H}) & 25.40; C -.aw-mr ;,f 'H}) & 16.38 (d, *Jep = 5.4 Hz,
OCH,CHj3), 16.43 (d,-¥ép = 5. 3 Hz, OCH;CH3) 205346 H(('H;),), 28.25 (C(CHa)s),
28.92 (d, 2ep = 4.8 — ¥, CHP), 62.18 (d, 2cp =
7.0 Hz, OCH,CHs3), 6 l 2 (d, “Jep = 7.7 Hz, OCH,CH3) 79 88 (C(CHs)s), 155.66 (d,
3Jep = 6.6 Hz, C=0); EIM8w(70 eV) m/z (fela é tive intensi ) 310 [MH]" (100), 254

(18), 116 (16)@%&]@1%',1&]?{] %&lﬂ: 0‘58 H, 9.12; N, 4.53.

Found: C, 50. 89 ,9.18; N, 4.52.

awwaxﬂnimum’mmaa
ek

P(OE),
o}

VIII-24
Diethyl [l-(N-tert—butoxycarbonylamino)(butyl)]phosphonate (VIII-24)
A reaction of fert-butyl N~((benzenesulfonyl)butyl)carbamate (VI-24) (81.9
mg, 0.25 mmol), diethyl phosphite (0.035 mL, 0.275 mmol), and K,CO; (0.069 mg,
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0.5 mmol) in CH3CN (2 mL) via method B gave a-aminophosphonate VIII-24
(0.0475 g, 0.147 mmol, 59%) as colorless oil. 'H NMR (CDCl3, 200 MHz) § 0.80-
1.39 (m, 13H, OCH,CHs, CHa, CH;), 1.42 (s, 9H, C(CHj)s), 1.76-1.98 (m, 1H CH),
3.90-4.15 (m, 5H, CHP, OCH,CH3), 4.71 (d, *Juy = 10.4 Hz, NH); *C NMR (CDCl;,
50 MHz, {'H}) 8 13.85 (CHj), 16.37 (OCH,CHj), 22.20 (CH,), 27.73 (CHy), 28.24
(C(CHa)s), 29.59 (CHy), 46.76 (d, 'Jp = 154.6 Hz, CHP), 79.80 (C(CH3)3), 155.33
(C=0); EIMS (70 eV) m/z (relative intensity) 324 [M]" (100), 323 (12), 268 (25), 267
(36), 250 (43), 224 (14), 222 (2. B0 (44), 111 (22), 86 (11), 83 (35), 74
(14).

Diethyl [1-(V-t ysay DiniC p tyl)]phosphonate (VIII-
25)

Via the general proc€dufe.of- meth escribed earlier, a reaction of ters-
butyl N-((benzenesulfonyl)rert re';,fgﬂ #; I-25) (81.9 mg, 0.25 mmol),
diethyl phosphite (0,085 mL. NA=K5C05%0:.069 mg, 0.5 mmol) in
CH;CN (2 mL) yielded'o-aminophosph .'5“;.‘i g, 0.17 mmol, 68%) as
-65°C. 'H NMR (CDCls, 200 A Hz) 8 0.89 (d, *Jun = 6.4
Hz, 3H, CH3), 0.90 (d, ¥ = 6.6 Hz, 3%&3‘“ (m, 7H, OCH,CH;,

CH(CHs)), 1 ﬂ w@m ﬂ(’m? 2,CHs), 4.56 (d, *Jun

= 10.4 Hz, NH§“ C NMR (CDCly 50 MHz, {H}) & 16.40 (QGH,CHs), 21.13,
) AFRARITARBRAGI B 10

= 154.7 Hz, CHP), 79.79 (C(CHs)3), 155.14 (C=0); EIMS (70 eV) m/z (relative
intensity) 324 [MH]" (100), 268 (20), 267 (18), 250 (37), 224 (12), 222 (19), 130 (35),
112 (14), 111 (13), 83 (34), 74 (13).

colorless crystals, mp:.£
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P(OE),
O
VIII-26

Diethyl [1-(N-tert-butoxycarbonylamino)(tert—butyl)]phosphonate (VIII-
26)

Via the general procedure of od B described earlier, a reaction of zert-
butyl N-((benzenesulfonyl)zer -butyl)carbara® VI-26) (82.0 mg, 0.25 mmol),
diethyl phosphite (0.035 mI 0275 :4,:03 (0.069 mg, 0.5 mmol) in
CH3CN (2 mL) resulted in ( y of . honate VIII-26 (0.19 mmol,
70%) as colorless crystals 605! 1 «—"i:\;‘ﬁ! CBEL;, 200 MHz) § 1.05 (s, 9H,
(CHs)s), 1.29 (t, *Jigy = Hy) , (CHs)3), 3.81 (dd, Yypp =
19.1 Hz, *Juy = 10.9 Hz, | ' 4.17 \ HZCHg,) 4.87 (d, i = 9.5
Hz, NH); °C NMR (€D, 50 Mz ? \ ?\\ Jep = 6.5 Hz, OCH,CHj),

16.39 (d, *Jep = 6.0 Hz4OCH, @ é’-) _\« € 13)3), 34.50 (d, *Jep = 5.8 Hz,
C(CHs)3), 55.51 (d, 'Jcp =M478 Hz. 2 00 "'a Jér = 6.5 Hz, OCH,CHjs), 62.14
(d, *Jep = 7.1 Hz, OCH,CH3)f 79 Lmr -r 8 (d, *Jep = 6.0 Hz, C=0); EIMS

(70 eV) m/z (relative intensity) 32 r'{,g;' 3T 8.(12), 250 (13), 211 (45), 130 (34),
112 (16), 111 (11), 834(12); Anal. Calcd for Cy4H3NOsP: =)52.00; H, 9.35; N, 4.33.

Found: C, 52.09; H, 9.3¢

Iﬂ
AUt Ineniny m

P(OE),

ammmmumﬁﬂmaa

Dlethyl [1- (N-tert-butoxycarbonylammo)(decyl)]phosphonate (VIII-27)

was synthesized via the general procedure of method B described earlier from a

reaction of zert-butyl N-((benzenesulfonyl)decyl)carbamate (VI-27) (99.4 mg, 0.25
mmol), diethyl phosphite (0.035 mL, 0.275 mmol), and K,COj3 (0.069 mg, 0.5 mmol)
in CH3CN (2 mL) afforded 0.060 g of a-aminophosphonate VIII-27 (0.15 mmol,
62%) as colorless oil. '"H NMR (CDCls, 200 MHz) 6 0.80-1.75 (m, 34H, OCH,CH;,
(CHs)s, CHs, (CH,)g), 3.87-4.16 (m, 5H, CHP, OCH,CHj3), 4.65 (d, *Jyy = 10.2 Hz,
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IH, NH); °C NMR (CDCls, 50 MHz, {'H}) 3 14.09 (CHs), 16.39 (OCH,CH), 22.63.,
25.60, 25.85, 29.09, 29.25, 29.44, 29.89, 31.84 (CH,), 28.25 (C(CHs)3), 46.77 (d, Jep
= 154.1 Hz, CHP), 62.44 (OCH,CHj), 62.58 (OCH,CH), 79.81 (C(CHs)s), 155.32
(C=0); EIMS (70 eV) m/z (relative intensity) 394 [MH]" (60), 393 (60), 338 (45), 337
(62), 320 (46), 292 (34), 264 (28), 224 (11), 211 (20), 201 (16), 200 (100), 156 (95),
139 (15), 138 (13), 111 (19), 83 (75), 81 (13), 65 (16), 55 (16); Anal. Caled for
CisH30NOsP: C, 57.99; H, 10.25; N, 3.56. Found: C, 58.35; H, 10.99: N, 3.46.

Diethyl [1-(N-te

enylpropyl)]phosphonate
(VIII-29) '

Via the general*pr. b E ‘\l& d earlier, a reaction of tert-
butyl N-((benzenesulfon Iprop , arbz \"t 1-29) (93.8 mg, 0.25 mmol),
diethyl phosphite (0.035 mf., 1 1 K5CO3 (0.069 mg, 0.5 mmol) in

CH3CN (2 mL) resulted in !_,E’,:‘I::g&f_élg , VIII-29 (0.0464 g, 0.125 mmol,
50%) as colorless (ol TH NMR (CDCly. 200 MIRS-4 26 (1, /iy = 7.1 Ho.
OCH,CHs), 1.27 (t, V— 9F, C(CH)s), 1.80-2.13 (m,
2H, CHyPh), 2.59-2.78)m, 2H, CH,CH,Ph), 3.95-4.

s‘rh m, SH, CHP, OCH,CHs),
4.81 (d, *Jun = 10.3 Hz, THENH), 7.11-7 o R (CDCls, 50 MHz,
{'H}) 5 16.40 é%)%%(mmﬂgm Ucp = 154.7 Hz,
CHP), 62.48 (OCH,CH;), 62.45 (©CH,CHs), 79,98 (C(CHs):)/126.05, 128.44,
10593 I FEPEM TR A4 i) bl o oo 57
(12), 3164(19), 315 (35), 298 (1), 211 (100), 160 (14), 134 (15), 132 (10), 117 (61),
115 (19), 91 (22), 83 (11).
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P(OEN),
0

VIII-30
Diethyl [1-(N-tert-butoxycarbonylamino)(cyclohexyl)]phbsphonate (VIII-
30) was synthesized via the general procedure of method B described earlier from a

reaction of fert-butyl N-((benzenesuifi '1 yvelohexyl)carbamate (VI-30) (88.3 mg,

87%) as colorless crystals " . H NMRYEDCl;, 200 MHz) & 1.00-1.90
(m, 26H, CH,, CH, OCH .9 8.1 Hz, *Jy = 4.0 Hz, 1H,
CHP), 3.99-4.17 (m, 48 QCHHEH,) "4 78\ (d iy, =W2.0 Hz, NH); °C NMR

(CDCls, 50 MHz, {'H}) & QCH.CHy), 25.88.26.00, 27.98, 30.40, 30.63 (CH,),
28.25 (C(CHs)s), 38.61 (g 3 A\ z, CHP), 79.79 (C(CHs)s),
155.48 (C=0); EIMS (70 eif) /s (selativeiihudnsity) 850 [MH]" (63), 294 (18), 276
(24), 248 (12), 212 (12), 2" S6(T00VM3s (1. 12 (21), 111 (11), 95 (78), 93
(11), 83 (25), 67 (28), 65 (13): “" CHld 1sH3NOsP: C, 55.00; H, 9.23: N,

Yy

d
J .ol
‘a
AU INENITYINg
U ¢ X1,
ﬂew 1'1- Wﬁﬁnﬂ%ﬁh@%@-ﬁ]ﬁ Emthesized via
the genetal procedure of method A described above from a reaction of N-
(benzenesulfonyl)formamide (VII-1) (46.0 mg, 0.167 mmol), diethyl phosphite
(0.024 mL, 0.184 mmol), and DBU (0.05 mL, 0.334 mmol) gave 0.027 g of a-
aminophosphonate IX-1 as colorless oil (0.099 mmol, 60%). 'H NMR (CDCls, 200
MHz) § 1.05 (t, *Juyy = 7.1 Hz 3H, OCH,CHs), 1.32 (t, *Jyy = 7.1 Hz, 3H,
OCH,CH3), 3.58-4.18 (m, 4H, OCH,CH3), 5.57 (dd, “Jyp = 20.7 Hz, *Jun = 9.7 Hz,
1H, CHP), 7.28-7.49 (m, SH, Ar), 7.62 (br, 1H, NH), 8.22 (s, IH CHO).
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@)

BN

HN™ “CH,

P(OEt),
O

IX-2
Diethyl [1-N-acetylaminobenzyl]phosphonate (IX-2) was synthesized via

the general procedure of method A described above from a reaction of N-

: mmol) gave 0.035 g of a-
.&;0%). 'H NMR (CDCls, 200

Y882 (t, *Juy = 7.1 Hz, 3H,
OCH,CHj3), 1.99 (s, 3 4.1 -. H3), 5.52 (dd, “Jwp = 21.0

Hz, *Jy = 9.9 Hz, 1H

Diethyl {1\ béfizyloxycarbonylaminobenzyil fesphonate (IX-3) was
synthesized via the g suéral procedure of m 5'1'..‘. from a reaction of
benzyl N-((benzenesul@yl)benzy arbamate (VII-3) .I'J. mg, 0.25 mmol), diethyl
phosphite (0.035 mL, 0.275mmol), and DBH.({0.075 mL, 0.5 mmol) gave 0.070 g of

1

o-aminophosp auﬁ Qa%llﬂ(m @ qctm‘xi 114-116°C (1it.* :

113-114°C). 'HNMR (CDCls, 400 MHz) 8 1.09 (&, *Jun = 7.0 Hg 3H, OCH,CHs),
120 RN BIRFEHUIT G IHAGE o515
3H, CHPHCH,Ph), 5.82 (br, 1H, NH), 7.25-7.42 (m, 10H, Ar); *C NMR (CDCls, 50
MHz, {'H}) & 16.30 (OCH,CHj), 52.54 (d, 'Jep = 156.2 Hz, CHP), 63.27 (d, 2cp =
7.2 Hz, OCH,CH), 6341 (d, Jep = 6.9 Hz, OCH,CHs), 67.31 (CH,Ph), 128.22,
128.63, 135.19, 136.07, 155.56 (C=0); EIMS (70 eV) m/z (relative intensity) 377
[M]™ (8), 242 (33), 240 (68), 196 (53), 91 (100), 65 (14): Anal. Caled for
Ci9H24NOsP: C, 60.47; H, 6.41; N, 3.71. Found: C, 60.10; H, 6.62: N, 3.62.
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O

SN

P(OEY),
¢}

HN

IX-4
Diethyl [1-N-ethoxycarbonylaminobenzyl]phosphonate (IX-4)
Via the general procedure of method A described above, a reaction of benzyl N-

(0.035 mL,
aminophosphonate IX-4 as 260
'H NMR (CDCls, 400 ! , OCH,CHs), 1.19 (t, *Juy =
6.8 Hz, 3H, OCH,CHe)f"1 28" J¢ NN ,CH3), 3.66-4.12 (m, 5H,
CHSO,Ph, OCH,CH - 3 6 Hz, 1H, CHP), 5.96 (br,
1H, NH), 7.25-7.41 50 MHz, {'H}) & 14.48
(OCH,CH3), 16.20 (d, *Jdf = ( 6(d, >Jcp = 5.6 Hz, OCH,CH;),
5228 (d, Jep = 1579 H iPJ 6 T AG U ~' ,CH;), 63.08 (d, Jep = 7.1 Hz,
OCH,CH3), 63.35 (d, > 724} H 127.90, 135.34, 155.82 (C=0);
EIMS (70 eV) m/z (relative inté s 6), 179 (11), 178 (100), 150 (13),
134 (18), 106 (42), 104 (1 _ alcd for C14H»NOsP: C, 53.33;
H, 7.03; N, 4.44. Fodind=C, 53.34- 1 7 10- N A A2 =

\ 7 AX

(6

J|
i¥

ﬂ‘L!El’J‘YIEJ‘V]?WEJ’]ﬂ?
amaﬁnimumaﬂmaa
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2.6 Hydrolysis of a-aminophosphonates
2.6.1 General procedure for the preparation of a-aminophosphonic acids

A mixture of diethyl phosphonates and concentrated aqueous HCI (2 mL) was
refluxed overnight. The mixture was then concentrated in vacuo to afford the desired

a-aminophosphonic acids (X) as a hydrochloride salt in high yield.

-Boc
I-LNk NH,.HCI
R P(OH),
(@) O
X

N\

1-Aminobenzy!” phésphanit acic : S prepared from a mixture of
diethyl [1-(N-tert-butoxycagbony. '-‘-‘f- n"-'. A l] 10sphonate (VIII-1) (30.0 mg,
0.087 mmol) and concentfz f’r S
described earlier to give 19.0- ‘?

cording to the general procedure
amol, 98%) as a white solid. 'H

NMR (D0, 200 ME ,m_;g;;ﬂ—.;;-;,.—.;;..—.;.—.—,::::—_-:.‘1~ ‘ .18-7.27 (m, SH, Ar).
Ly N

/ |
ﬂuaqnﬂﬁf%%wni

¢ X2
RGO DAY Yo 1o <
mixture %f diethyl [I- (N-tert—butoxycarbonylammo)(4’-chlorobenzyl)]phosphonate
(VIII-3) (29.6 mg, 0.078 mmol) and concentrated HCI (2 mL) according to the
general procedure described earlier to give 18.1 mg of X-2 (0.07 mmol, 90%) as a
white solid. 'H NMR (D;0, 200 MHz) & 4.25 (d, %/ = 16.2 Hz, 1H, CHP), 7.20-
7.29 (m, 4H, Ar).
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NH,

O,N ©

X-3
1-Amino(4-nitrobenzyl) phosphonic acid (X-3) was prepared from a mixture
of diethyl [1-(N-tert-butoxycarbonylamino)(4'-nitrobenzyl)]phosphonate (VIII-6)
(18.5 mg, 0.048 mmol) and concentrated HC] (2 mL) according to the general

solid. "H NMR (D,0, 400 Miz)  4.44 (47 6.4 Hz, 1H, CHP), 7.49-8.14 (m,

4H, Ar).

1-Amino(4-methyl . pho- Hi¢" acid -4) was prepared from a
mixture of diethyl [1 (N-ter@butosxvearbor =-X 4'-methylbenzyl)] phosphonate
(VIII-9) (30.8 mg, 0.086 mmo ‘ d—con ated HCI (2 mL) according to the
general procedure described. earlierte i’ -4+0.075 mmol, 87%) as a

white solid. 'H NM RS0 400 Moo a i G5 B.21 (d, e = 16.4 Hz,

1H, CHP), 7.09-7.15 nﬂ s T
4

quﬁﬁwqmﬁmawni
ARIAINIUMINYA

ino(iso-butyl) phosphonic acid (X-5) was prepared from a mixture of
diethyl [1-(N-tert-butoxycarbonylamino)(iso—butyl)]phosphonate (VIII-23) (154.0
mg, 0.50 mmol) and concentrated HC] (2 mL) according to the general procedure
described earlier to give 76.3 mg of X-5 (0.40 mmol, 82%) as a white solid. '"H NMR
(D20, 400 MHz) & 0.89 (d, i =7.0 Hz, 3H, CH;), 0.93 (d, *Jiyy =7.0 Hz, 3H, CH),
2.03-2.06 (m, 1H, CH(CHz3),), 2.92 (dd, %/ip = 14.8 Hz, *Juu=6.2 Hz, 1H, CHP).
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NH,

P(OH),
O

X-6
1-Amino(cyclohexyl) phosphonic acid (X-6) was prepared from a mixture of
diethyl [1-(N-tert-butoxycarbonylamino)(cyclohexyl)]phosphonate (VIII-30) (253.0
mg, 0.72 mmol) and concentrated HCl (2 mL) according to the general procedure
described earlier to give 156.2 mg of -6 (0.68 mmol, 95%) as a white solid. lH
NMR (D0, 400 MHz) & 3.484.27 (a
- 6.2 Hz, 1H, CHP). —

ﬂUEJ'JVlHV]?WEJ’]ﬂ‘i
Qﬁﬁﬁﬂﬂimﬂﬁ']’mﬂ’lﬁﬂ
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