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Part 1. Transesterification of Diphenyl
1-(Benzyloxycarbonylamino)-alkanephosphonates

Jerzy SZEWCZYK

Department of Organic Chemistry, Technical University of Gdansk,
ul. Majakowskiego 11/12, 80-952 Gdansk, Poland

Barbara LEICZAK, Pawel KAFARSKI

Institute of Organic and Physical Chemistry, Technical University of
Wroctaw, Wybrzeze Wyspianskiego 27, 50-370 Wroctaw, Poland

The transesterification of phenyl phosphates and phosphon-
ates appears to be an important step in some methods of nu-
cleotide synthesis">*. The most effective method for the con-
version of triphenyl phosphates into the trialkyl esters de-
scribed so far’? is the use of excess caesium fluoride or tetra-
butylammonium (luoride and the respective alcohol.

We report here an improved transesterification procedure us-
ing the potassium fluoride/crown ether system instead of cae-
sium or tetrabutylammonium fluorides. Being significantly
cheaper our method gives the same yields of the desired prod-
ucts. Since dipheny!l 1-aminoalkanephosphonates seem to be
potentially useful substrates for phosphonopeptide synthesis
we chose diphenyl |-(benzyloxycarbonylamino)-alkanephos-
phonates® (1) as model compounds for these studies. We
found that treatment of the diphenyl phosphonates 1 with 10
mol equivalents of potassium fluoride in the respective alco-
hol in the presence of catalytic amounts of 18-crown-6 affords
the desired dialkyl phosphonates (2) in yields of 36-91% of
isolated product.

0 0 RZ—OH/KF /
I il OCeHs
CoHs—CHy—~0—C—NH~CH—P{ rown sther
L1 ToCeHs
1
0 o] 2
I it OR
CeHs~—CHp—0~—C~NH—CH—P{
. é1 ORZ
R'=alkyl, CgHg 2
RZ=alkyl

As can be seen from T.L.C. and '"H-N.M.R. analysis of the
reaction mixtures, the actual yields of esters 2 formed in the
transesterification reaction are nearly quantitative; however,
the yields of isolated esters 2 are distinctly lower due to par-
tial ester hydrolysis which occurs to a minor extent when the
phenol formed in the reaction is extracted from the product
solution with aqueous sodium hydroxide and which produces
the monoalkyl phosphonates 3.
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Table 1. T ialkyl 1-(Benzyloxycarbonylamino)-atkanephosphonates (2)

2 R R?
Method A*
a CF . CH;, 81 (64)°
b CH C.H, 45
c Ck n-CH; 60
d CFk —(CH,—CH=CH, 48
e Ck n-C,H, 60
f —(C H(CH,); CH; &7
g —( H(CH,), C.H; 57
h —CH(CH,), n-C,Ho 90
i —(C A,—CH(CH.), CH, 8S (74y
j —( 1,~CH(CH:), C,H; 66
k  —C1—CHCH).  n-CH: 79
| ~—( 1,—CH(CH,); n-C,Ho 73
m —(C "[~—'CH('C H 3); —(H 3“""(’ H=CH B 56
n Col - CH,;
(] C.l - C,H;s

“ Jsolation method, see procedure.

® The mict ranalyses showed the following maximum deviations {rom
the calcu ated values: N, +£0.34; P, £0.38. Exceptions: 2b, P,
~044:2, N, +0.40.

¢ Using th anhydrous KF/crown ether system.

0 0 1. CHCl3 /NaQOH /H:C
| OR® 2 Helrn0

i |
CeHs—CHy ~0—C—NH~CH—P
i or?
RI
2
it 9 or?
i i/
CgHs—CHz—0—C—NH-—CH~P{
|?1 OH
3

The high ‘ield of esters 2 formed in the transesterification
was additi mally confirmed by using column chromatography
on silica g ¢l to remove phenol. In this case, the esters 2 were
obtained i 1 85-95% yield of isolated product.

In order tt compare our procedure with the literature proce-
dure™? w¢ performed the same reaction in the presence of
caesium f1 1oride and we found that the yields of analytically
pure ester: 2 are nearly the same in both cases indicating that
our proce ure compares favourably with the procedure of
Ref.!2.

Additiona studies on the influence of the presence of water in
the reactic 1 mixture on the yields of esters 2 showed that the
use of anh ‘drous potassium fluoride does not affect the reac-
tion yield. We further found that treatment of the diphenyl
phosphon: tes 1 with potassium fluoride/water/crown cther
in acetone or 1,4-dioxan does rot lead to hydrolysis.

On search 1g for a convenient method for the ester cleavage
of diphen: phosphonates 1, we applied the potassium fluo-
ride/crows ether system to the hydrolysis of esters 1 with
aqueous [ rtassium hydroxide. However, the reaction with
excess soc um hydroxide led only to the formation of the
monoester 4.

0 0 OCeH NaOH / H20 /
Il I 615 KF/er
CeHs—CHz- ‘O—C—NH--?H—"P/ crown ether
QCeHs
\
1 R
1] 8/0C5H5
CsHs—CHa—0—C—NH—CH=-P!
[, “oH
R’v

4

SYNTHESIS

Yield [%] Molecular formula®

Method B* using CsF

89 oil C-H NOsP  (287.2)

86 oil C1.HNOsP (315.3)

oil CieH2sNOSP - (353.4)

oil CieH22NOsP (349.3)

oil CiyHi xaNOP  (371.9)

91 95 oil C|4l'132N05P (31‘*”

84 30 85-86° Ci6H2NOsP - (353.4)

oil CHuNOP (399.5)

34.38¢ C,sHayNOsP (329.3)

67 41-43" C7HosNOsP (357.4)

61-62° CioHNOP (3654

36-37° CaoH3;oNOP  (413.5)

35367 CiwH:xNOsP  (381.4)

96 117-118.5° C7H20NOsP - (349.%)

36 113-114° CoH:uNOP  (377.4)

Table 2. Phenyl Hydrogen 1-(Benzyloxycarbonylamino)-alkanephes-
phonates (4)

4 R' Yield® m.p. Molecular formula®
(%] "q

a CH; 80 125-126° CiH\4NO:P (325.4)

b —CH{(CH,); 74 133-134°  C H.,,NOP (363.4)

¢ —CH,—CH(CH;), 77 132-133° CHyyNOSP (377.4)

d C.Hs 91 161-162° CaHxoNOP (397.4)

(79¢, 96Y)

* Hydrolysis carried out in the presence of KF and crown ether.

» The microanalyses showed the following maximum deviations from
the calculated values: N, £0.29; P, +£0.25.
Hydrolysis carried out in the presence ol crown ether.

9 Hydrolysis carried out in the presence of KF.

The same reaction carried out without crown ether and potas-
sium fluoride gave a mixture of compcunds 1 and 4 while hy-
drolysis in the presence of crown ether or potassium fluoride
alone gave the monocester 4 with the same yield.

The melting points were determined on Koeffler apparatus and are
uncorrected. The I.R. spectra were taken on a Perkin Elmer 621 instru-
ment. The '"H-N.M.R. spectra were recorded on a Tesla BS 467 instru-
ment at 60 MHz.

Transesterification of Diphenyl 1-(Benzyloxycarbonylamino)-alkane-
phosphonates (1) with Alcohols; General Procedure:

The diphenyl t-(benzyloxycarbonylamino-alkanephosphonate 15
mmol) and potassium fluoride dihydrate (4.7 g, 50 mmol) are dis-
solved in the respective alcohol (36-40 ml) and a catalytic amount
(~ 50 mg) of 18-crown-6 is added. The mix:ure is then heated to boil-
ing for 10 min and left at rcom temperature overnight.

lsolation Method A, Extraction: The sofvent is removed under re-
duced pressure and the oily residue is mixed with water (50 ml). The
transesterification product 2 is then extracted into ethyl acetate or
chloroform (3 x 20 ml). The organic extract is washed with | normal
sodium hydroxide solution (3 X 20 mi), water (20 ml), and saturated
sodium chloride solution (20 ml), dried with magnesium sulfate, and
evaporated in vacuo to give the pure esters 2 (Table ).

Isolation Method B, Column Chromasography: The solution is
evaporated to dryness in vacuo. The residue is finely divided and di-
gested with benzene (50 ml). Potassium fluoride is filtered off, the so-
lution concentrated, and placed on a column (40 cm x 2 cm?) of silica
gel (Macherey & Nagel minus 200 mesh gel). The ester 2 is eluted with
benzene/acetone (20/1). The products thus obtained are analytically
pure (Table 1).
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Table 3. Spectral Data of Compounds 2 and 4

Com-
pound

L.R. (KBr or film)
viem ™'

‘H-N.M.R. (CDCl,/HMDSO;,,,)
6 [ppm]

2a

2b

2¢

2d

2e

bij

2g

2h

2i

2

2k

21

2m

2n

20

4a

4b

4c

4d

3270 (NH); 1730 (CO);
1555 (NH); 1270, 1250
(PO); 1060 (P—O—C)
3240 (NH); 1715 (CO);
1545 (NH); 1255, 1220

(PO); 1045, 1025 (P—0—C)

3160 (NH); 1705 (CO):
1530 (NH); 1245, 1210
(PO); 1045 (P—0O—C)

3250 (NH); 1725 (CO);
1550 (NH); 1255, 1235
(PO); 1045 (P—O—C)

3280 (NH); 1725 (CO):
1540 (NH); 1225 (PO);
1020 (P—O—C)

3300 (NH); 1700 (CO);
1530 (NH); 1250 (PO):
1025 (P—0O—C)

3290 (NH); 1715 (CO);
1535 (NH): 1240, 1215
(PO); 1035 (P—0—C)
3305 (NH); 1700 (CO);
1530 (NH): 1245 (PO);
1045 (P—O—C)

3190 (NH); 1700 (CO);
1525 (NH); 1250 (PO);
1045, 1020 (P—O—C)
3180 (NH); 1700 (CO):
1525 (NH); 1240, 1205
(PO); 1005 (P—O—C)

3180 (NH): 1690 (CO):
1505 (NH); 1235 (PO);
1020 (P—0—C)

3200 (NH); 1700 (CO):
1525 (NH); 1240, 1205
(PO); 1005 (P—O—C)
3200 (NH); 1695 (CO);
1525 (NH); 1235, 1205
(PO); 1000 (P—O—C)
3245 (NH); 1710 (CO);
1545 (NH); 1250 (PO);
1030 (P—0—C)

3230 (NH); 1715 (CO);
1550 (NH); 1255 (PO);
1035, 1025 (P—O—C)

3300 (NH); 1690 (CO);
1545 (NH); 1225 (PO);
1160 (PO®)

3400-2100, 3310 (NH);
1700 (CO); 1510 (NH);

1225 (PO): 1175, 1000 (PO°)

3500-2000, 3300 (NH);
1700 (CO); 1510 (NH);
1245 (PO); 1200

3600-2000, 2305 (NH);
1695 (CO); 1510 (NH);

1230, 1205 (PO); 1055 (PO°)

1,71 (dd, 3H, Y, =7.5 Hz, Jp=16.5 Hz, N—CH—CH,); 4.04 (d, 3H. “Jp, =105 Hz,
P—O—CH,); 4.06 (d, 3H, *Jp=10.5 Hz, P—O—CH,); 4.0-4.9 (m, 1H, N—CH): 5.45 (s, 2H.
CH,—O0); 6.32 (br d, 1 H, *Jy;;;=10.0 Hz, NH); 7.69 (s, 5 H,rom)

1.08 (t, 3H, *Jyu=17.5 Hz, P—O—CH.—CH;): 114 (t, 3H, *J;;,;=7.5 Hz, P—O—CH,—CH,): 1.25
(dd, 3H, S,y =7.5 Hz, *Jp;;=17.5 Hz, P—CH—CH,); 4.1-4.75 (m, 5H, Jyu=7.5 Hz, Sy =175
Hz, N—CH, 2P—0—CH.); 5.41 (s, 2H, CH,—O0—CO); 6.44 (br d, 1 H, *Jy,yy= 10.0 Hz, NH); 7.52
(s, SH.om)

075 (t, 3H, *Jyu=6.5 Hz, P—O—CH,—CH,—CH,); 078 (t, 3H, J,,;=65 Hz,
P—O—CH,—CH,—CH;); .22 (dd, 3 H, *J,1,;=17.5 Hz, Jpy, = 16.5 Hz, P—CH—CH,): 0.97-1.7 [m,
4H, P(O—CH.—CH,—CH,); 3.5-4.2 [m, 5H, *Jyu=7.0 Hz, CH—P, P(O—CH,—CH,—CH,)];
498 (s, 2H, CH;,—0—CO0); 7.26 (s, S H,rom)

1.65 (dd, 3H, “Jy,=7.5 Hz, *Jpyy=17.0 Hz, P—CH—CH;); 4.1-4.6 (m, 1 H, N—CH); 4.78 (br d,
4H, *yn=7.0 Hz, *Jy, =7.0 Hz, 2 0—CH,—CH=CH,): 5.37 (s, 2H, CH,—0—CO); 5.25-5.75 (m,
4H, 2 0—CH,—CH==CH,); 5.75-6.35 (m, 2H, 2 O—CH,—CH=CH.); 6.59 (br d, 1 H, *Jy;;,= 10.0
Hz, NH); 7.59 (s, 5 Hyyom)

1.25 (br t, 6 H, *Jy)y,=5.5 Hz, 2 0—CH,—CH>-—CH,—CH.); 1.25-2.15 (m, 11 H, P—CH—CH,, 2
0—CH,—CH,—CH,—CH,); 4.0-4.75 (m, 5H, N—CH, 2 O—CH,—CH,—CH,—CH;): 5.36 (s,
2H, CH,—0—CQ); 6.02 (br d, 1 H, *J,;;=9.5 Hz, NH); 7.61 (s, 5H,com)

0.92 [br d, 6 H, *Jy3;;=7.0 Hz, CH(CH.)5); 1.8-2.4 [m, 1 H, CH(CH,),]; 3.5-4.3 (m, | H, CH): 3.57 (d,
3H, *Jpy=105 Hz, P—O—CH;); 3.62 (d, 3H, *Jpy=10.5 Hz, P—O—CH,); 5.08 (s, 2H,
CH,—0—CO0); 5.97 (br d, 1 H, *J;;;;=10.0 Hz, NH); 7.32 (5, SH,1om)

0.91[d, 6 H, *Juy=7.0 Hz, CH(CHa),l: 1.02 (&, 3H, *Jy31y=6.0 Hz, P—O—CH,—CH.); 1.08 (t, 3H,
iy = 6.0 Hz, P—O—CH,—CH.); 1.98 (br oct, | H, *J,;;;=7.0 Hz, CH—CH—P); 3.5-4.3 (m, SH,
N—CH, 2 O—CH,—CH,); 5.83 (br d, 1 H, *J;;,;=10.0 Hz, NH); 7.18 (s, SH,.om)

0.88 (1, 6 H, *Jy11y=7.0 Hz, 2 O—CH,—CH,—CH,—CH,): 0.89 [d, 6 H, *J;;;,="7.0 Hz, CH(CH,).];
1.0-1.7 (m, 8H, 2 O—CH,—~CH,—CH,—CH,); 1.7-2.6 [m, 1H, CH(CH;),}: 3.4-4.2 (m, 5H,
N—CH, 2 O—CH,—CH,—CH,—CH;); 5.06 (s, 2H, CH,—O—CO); 545 (br d, 1 H, Jyu=1L5
Hz, NH); 7.27 (s, SH. o)

0.93 [d, 6 H, *J,;;;=6.0 Hz, CH(CH,),]; 1.15-1.7 [m, 3H, CH,—CH(CH,)s]: 3.50 (d, 3H, ‘Jpi; =105
Hz, P—0—CH3;); 3.53 (d, 3H, Jp = 10.5 Hz, P—O—CH;); 3.5-4.4 (m, | H, CH—P); 4.83 (s, 2 H,
CH>—0—CO0); 6.35 (br d, 1 H, Jy3,=29.5 Hz, NH); 7.20 (s, 5 H,oom)

0.83 [d, 6H, V,ju=5.5 Hz, CH(CH,).); 111 (t, 3H, *Jy,,=7.0 Hz, O—CH,—CH.); 118 (t. 3H,
Jun=17.0 Hz, O0—~CH,—CH,); 1.1-1.9 [m, 3H, CH,—CH(CH.),]; 3.35-4.3 (m, SH, *J;;u=7.0 Hz,
Yup=17.0 Hz, N—CH, 2 0—CH,—CH;); 5.07 (br s, 2H, CH,—0-—=C0): 5.93 (br d. I H. J;5, = 10.0
Hz, NH); 7.28 (s, 5 H,yom)

0.73 (t, 6H, *Jyy=7.5 Hz, 2 O—CH,—CH.—CH,); 0.75 [d, 6H, *J;;;,=7.0 Hz, CH(CH,),]:
1.0-1.8 [m, 7H, CH,—~CH(CH,),. 2 O—CH,—CH,—CH,]: 3.5-42 (m, 5H, N—CH,
2 O—CH,—CH,—CH,); 497 (s, 2H, CH,—0—C0): 5.32 (br d, *J;;;=10.5 Hz. NH): 7.20
(5, 5Hyom)

0.5-0.95 (m, 6H, 2 O—CH,—CH,~CH,—CH;); 1.0-20 [m, 1l1H, CH,—CH(CH,),. 2
0—CH,~CH,—CH.—CH;); 3.7-4.4 (m, SH, *J;;,,=7.0 Hz, *J;,;,=7.0 Hz, 2 P—O—CH.. CH—P):
5.01 (s, 2H, CH;~0—CO0); 6.32 (br d, [ H, *J,;;,=9.5 Hz, NH): 7.25 (s. SH..om)

0.80 [d, 6 H, *Jyup= 5.5 Hz, CH(CH.),): 1.2-2.0 [m, 3 H, CH,~~CH(CHa)s}: 4.2-4.7 (m, 5H, CH—P. 2
0—CH,—CH==CH,); 5.01 (s, 2H, CH,—0—C0); 4.9-6.1 (m, 6 H, 2 0—CH,—CH=CH,): 6.43 (d,
TH, *Jy=10.5 Hz, NH); 7.24 (s, 5H,,,.n)

393 (d, 6H, YJpy=8.0 Hz, 2 OCH3); 5.00 (s, 2H, CH,0-—CO); 5.01 (dd, 1H, ‘J,,,=10.5 Hz,
*Jen=21.5 Hz, CH—P); 6.4-6.8 (m, 11 H, NH, (0H,...,.)

1.00 (t, 3H, *Jyy=7.5 Hz, P—O—CH.—CH,); 118 (t, 3H, ;1 =7.5 Hz, P—O—CH,—CH.); 3.65
(99, 2H, iy =7.5 Hz, *Jp=7.5 Hz, 0—CH,—CH,); 401 (qq. 2H, *Jun=7.5 Hz, *Jp;; =7.5 Hz,
O—CH,—CH.); 5.00 (s, 2H, CH—0—C0); 5.01 (dd, 1 H, 3,111 =9.5 Hz, “Jpy, =22.0 Hz. CH—P):
6.33 (br d, 1 H. *,,;,=9.5 Hz. NH); 7.0-7.5 (m, 10H,,..,) i

124 (dd, 3H, *J,,,=7.5 Hz, “Joy=17.5 Hz. CHy): 3.7-47 (m, |H, CH—P); 497 (s, 2H.
CH,—0—C0); 5.60 (br d, 1H. *Jy=8.0 Hz, NH); 7.06 (s, SH, OCH.); 7.22 (s, SH, C—C.H.):
10.53 (s, 1H, OH)

0.86 (d, 3H, Yy =6.5 Hz, CHx): 0.89 (d, 3H, iy, =6.5 Hz, CH.): 1.8-2.7 [m, 1 H, CH(CH,),); 4.08
(qq, TH, "Jiyu=4.5 Hz, 12.0 Hz, *Jp;=20.5 Hz, CH—P); 5.00 (s, 2H, CH:,—0—CO); 5.23 (br d,
IH, /iy =12.0 Hz, NH): 7.07 (s, $H. OC.Hs); 7.25 (s. SH, C—C,Hs); 11.06 (s, OH)

0.75 [br d, 6H, *J;;,=5.5 Hz, CH(CH,): 1.1-2.0 [m, 3H, CH,—CH(CH,).]: 3.5-4.3 (m, | H,
CH—P); 6.99 (s, IH, OH): 7.07, 7.10 (2s, 5H, OCsHs); 7.23 (s, SH, C—CoHs): 7.46 (d. 1H,
Y= 10.5 Hz, NH)

4.93 (s, 2H, CH;~0—C0); 5.08 (dd, | H, Yy, =105 Hz, 2, =22.5 Hz, CH—P): 6.52 (s, 1 H,
OH): 6.8-7.5 (m, 10H, C—C,Hs, 0—C,Hs); 7.23 (s, SH, C—C,Hs); 8.30 (br d, 1 H, *J;,, = 10.5 Hz,
NH)

* In DMSO-d,/HMDSO.....
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of Dibutyl 1-(Benzyloxycarbonylamino)-ethanephosphonate
Extraction; Typical Example:
(benzyloxycarbonylamino)-ethanephosphonate (2.0 g, 5.0
nsesterified with butanol as described above. The sodium
iolutions obtained during extraction of phenol are col-
tcidified to pH ~1 with concentrated hydrochloric acid.
nonoester 3e precipitates. It is purified by dissolving in
5 normal sodium hydroxide followed by precipitation with
¢ acid; vield of butyl hydrogen I-(benzyloxycarbonylamino)-
honate (3¢): 0.4 g (25%); m.p. 94-96°C; yield of dibutyl es-
g (60%).
NOsP  calc. N 4.44 P 9.84
found 4.55 9.73

v=3305 (NH); 3600-2(:00, 1685 (C==0); 1540 (NH); 1215
1060 (PC®) em ",

(DMSO-d,/HMDSO,,.): 6=0.7-1.5 (m, 10H, 2CH;,,
"H,—CH,); 3.4-4.1 (m, 3H, *Jpy=7.0 Hz, *Junu=7.0 Hz,

P—CH); 5.05 (s, 2H, CH,—0—CO); 563 (s, 2H,
): 7.40 ppm (s, SH, ).

-ogen 1-(Benzyloxycarbonylamino)-alkanephosphonates (4):
cedure:

sormal scdium hydroxide (20 ml) is added to a stirred so-
» diphenyl |-(benzyloxycarbonylamino)-alkanephosphon-
ol) in 1,4-dioxan (20 ml). Then, water (~20 m)) is added to
the mixture and stirring is continued overnight. The sol-
noved under reduced pressure. The residue is dissolved in
ml) and this solution is acidified to pH ~ 1 with concen-
ichloric acid to precipitate the monoester 4. Product 4 is
;uction and purified by dissolving in aqueous 0.05 normal
roxide and precipitation with concentrated hydrochloric
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