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ENANTIOSELECTIVE SYNTHESIS OF N-Boc AND N-Fmoc PROTECTED DIETHYL 4-
PHOSPHONO(DIFLUOROMETHYL)-L-PHENYLALANINE (F Pmp)

Mark S. Smyth and Terrence R. Burke, Jr."

Laboratory of Medicinal Chemistry, Bldg. 37, Rm 5C06
Developmental Therapeutics Program, Division of Cancer Treatment,
National Cancer Institute, Bethesda, MD 20892

The phosphotyrosyl (pTyr, 1) pharmacophore has emerged as a major structural motif in
the design of modulators of PTK-dependent cell signaling and the difluorophosphonate analogue,
4-phosphono(difluoromethyl)-1-phenylalanine (F,Pmp 2), is an important agent in preparing phos-
phatase-resistant inhibitors of these pathways.' Synthesis of F,Pmp-containing peptides has relied
on the corresponding ethyl-protected phosphonate. This analogue has been synthesized in its
racemic form* in addition to its biologically relevant L-enantiomer as both the N%-Boc (3)*¢ and
N®-Fmoc (4)® derivatives.

The convergent method of Smyth and Burke® has proven to be a valuable route for the
preparation of 3 and 4, and has come to be used by a number of investigators. However, the lack of
detailed experimental conditions in the original communication has hindered its duplication. Addition-
ally, uncontrolled exothermic reactions have occurred during the scaleup of the fluorination reaction
using diethylaminosulfur trifluoride (DAST). Although L-F,Pmp continues to increase in importance,
there has as yet been no full experimental procedure reported for its preparation. We therefore present
herein the detailed preparation of ethyl-protected F,Pmp as both its N*-Boc (3) and N*-Fmoc (4)
derivatives. The synthesis of (L)-4 by direct conversion from (L)-3, differs from our original proce-
dure, which carried the N*-Fmoc protection through the entire reaction sequence,® and is identical to
the procedure we previously reported for the racemic compound.* Subsequent to our work, a similar
conversion of (L)-3 to (L)-4 has also been reported.’
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At the heart of the synthesis is the Pd*>-mediated coupling of the aryl iodide 6 and the
organozinc reagent 8 formed from iodoalanine analogue 7. This is analogous to the reported prepara-
tion of a protected L-Pmp derivative,® which itself relied on the work of Jackson.” Arbuzov reaction of
triethyl phosphite with commercially available 4-iodobenzoyl chloride 5 gave the crude keto-phos-
phonate as a clear yellow liquid which was fluorinated using DAST (neat, 5 equivalents) then purified
chromatographically to provide difluorophosphonate 6 (64% from the acid chloride). On scaleup, the
DAST fluorination can become uncontrollably exothermic when run neat.' Previously reported
organozinc reagent 8'%12 is prepared from compound 7, which is derived from commercially available
N®-Boc L-serine benzyl ester.!! Treatment of a 0.5 M solution of 7 in THF-N,N-dimethylacetamide
(DMAC) (1:1) with acid-washed zinc dust (1 equivalent) at 65° (1 hr) provided the organozinc
compound 8, to which was then added a mixture of difluorophosphonate 6, 1.0 M in THF-DMAC,
and (Ph,P),PdCl, (5 mol %) and the reaction stirred at 65° for 4-5 hrs. Workup afforded coupled
product 9 in 71% as a colorless syrup. The only detected side products were the dehalogenated N*-
Boc L-alanine benzyl ester and the bis aryl compound resulting from homo-coupling of the aryl iodide
(15-20%). It should also be noted that the coupling reaction failed when an aryl bromide was used.
Treatment of 9 with 0.2 N LiOH (~2 equivalents) in THF at 0° gave final product 3 as a white foam in
66% yield. Conversion to the corresponding N*-Fmoc protected analogue 4 was achieved by initial
treatment with trifluoroacetic acid (TFA), followed by reaction with 9-fluorenylmethyl succinimidyl
carbonate (Fmoc-OSuc) and NaHCO, in aqueous dioxane. Chromatographic purification gave final 7
in 70% yield as a white foam.

1 (D P(OED, |
(2) DAST t(|>
——
(o] [o]
4% (EtO),P.
o] F F o] OBn
5 6 11
> (EtO),P NHBoc
(PhyP),PdCl,

0 7n "4 THF, DMAC FF 9
I 0Bn ——» iz 0Bn %
NHBoc THF, DMAC NHBoc
7 ]
(1) TFA 0
o (2) Fmoc-OSuc
LiOH / THF, 0° o OH NaHCO; e OH
R n —» (EtO),P. NHFmoc
66% (EtO),P NHBoc 70% £ e
FF 3 4
Scheme 1
EXPERIMENTAL SECTION

Removal of solvents was performed by rotary evaporation under reduced pressure. Melting points were
determined on a Mel Temp II melting point apparatus and are uncorrected. Fast atom bombardment
mass spectra (FABMS) were acquired with a VG Analytical 7070E mass spectrometer under the control
of a VG 2035 data system.'"H NMR data were obtained on Bruker AC250 (250 MHz) instrument.
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Diethy] 4-Iodo-phosphono(difluoromethylbenzene (6).- To 4-iodobenzoy! chloride 8 (20.0 g, 75
mmol) in anhydrous toluene (36 mL) at room temperature under argon was added dropwise via
syringe, triethyl phosphite (12.7 mL, 75 mmol). An exothermic reaction occurs which was controlled
by the rate of addition. The cloudy yellow solution was stirred (3 hrs) then solvent was removed under
vacuum. The residual clear yellow liquid was placed under high vacuum to provide crude intermedi-
ate diethyl 4-iodobenzoylphosphonate quantitatively in sufficient purity for further use. To the
ketophosphonate under argon at -78° was added slowly via syringe DAST (50 mL, 375 mmoti). After
swirling by hand to dislodge the stir bar and dissolve starting material, the clear yellow solution was
stirred at 0° (2 hrs). The mixture was diluted with CHCL, (25 mL) and slowly added to a suspension of
NaHCO, (70 g) in ice-cold H,0 (200 mL). The mixture was stirred briefly, then extracted with CHCI,
(2 x 50 mL), dried (MgSO,) and taken to dryness and purified by silica gel chromatography (hexanes /
EtOAc; 3:1) to provide product 9 as a clear yellow oil (18.6 g, 64%). '"H NMR (CDCL,) 8 7.79 (d, 2H,
J=8.0 Hz), 733 (d, 2H, J = 7.9 Hz), 4.31-4.08 (m, 4H), 1.30 (1, 6H, J = 7.1 Hz); FABMS (NBA
matrix) m/z 391 (MH").

Anal. Caled. For C, H, F,IO,P: C, 33.87, H, 3.62. Found: C, 34.05; H, 3.67

N°-Boc 4-[(Diethyl phosphono(difluoromethyl)]-L-phenylalanine Benzyl Ester (9).- To a solution
of N*-Boc 3-iodo-L-alanine benzyl ester 7'! (404 mg, 1.0 mmol) in anhydrous THF (1.0 mL) and
anhydrous DMAC (1.0 mL) at room temperature under argon was added acid washed zinc dust (65
mg, 1.0 mmol). The solution was warmed to 65 - 70° (higher temperatures result in less pure product)
and stirred (1 hr). To this was then added rapidly a mixture of diethyl 4-iodo-phosphono(difiuo-
romethyl)benzene 6 (195 mg, 0.5 mmol) and (PPh,),PdCl, (18 mg, 0.5 equivalents) in 1 mL
THF:DMAC (1:1) and the mixture was stirred at 65 - 70° (5 hrs). The mixture was cooled to 0°,
diluted with saturated NH,C1 (10 mL), extracted with EtOAc (2 x 10 mL), and the combined extracts
were dried (MgSO,) and taken to dryness. The residue was placed under high vacuum to remove
residual DMAC, providing crude product (719 mg). Purification by silica gel chromatography (gradi-
ent elution with hexanes / EtOAc; 3:1, 1:1, 0:1) afforded pure 9 as a viscous yellow syrup? (193 mg,
71%). The reaction was run on a 50 mmol scale!* (reaction times were increased by approximately
2.5-fold) to provide 9 in 26% yield. 'H NMR (CDCL,) 8 7.42 (d, 2H, J = 7.7 Hz), 7.33-7.20 (m, 5H),
7.05(d,2H,J=7.8 Hz), 5.11 (d, 1H,J=12.1 Hz), 5.02 (d, 1H, J = 12.1 Hz), 4.92 (br d, 1H, J = 12.1
Hz), 4.63-4.52 (m, [H), 4.19-4.01 (m, 4H), 3.15-2.99 (m, 2H), 1.35 (s, 9H), 1.22 (t, 6H, J = 7.3 Hz).
Anal. Caled. For C,(H,,F,NO,P: C, 57.67; H, 6.33; N, 2.59. Found: C, 57.91; H, 6.25; N, 2.40

N°%Boc 4-[(Diethyl phosphono(difluoromethyl)}-L-phenylalanine (3).- To a stirred solution of 9
(497 mg, 0.92 mmol) in THF (9 mL) at 0° was added 0.2 N LiOH (1.8 mmol) dropwise and the
mixture then stirred at 0° (20 min). The mixture was then diluted with H,0 (10 mL) and washed with
EtOAc (20 mL). The aqueous layer was cooled to 0° and acidified with ice-cold 0.2 N HC1 (~15 mL)
and extracted with EtOAc (3 x 20 mL). The combined EtOAc layers were washed with brine (15 mL),
dried (MgSO,), taken to dryness and placed under high vacuum. The resulting residue (324 mg) was
triturated with anhydrous ether (5 mL), cooled to 0° and a precipitate removed by filtration. The
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filtrate was taken to dryness to yield 3 as a white foam'* * (275 mg, 66%). [0]3} = +8.06° (¢ 1.08,
MeOH); lit.> [0]2® = +7.96° (c 1.08, MeOH). 'H NMR (CDCl,) & 7.47 (d, 2H, J = 7.8 Hz), 7.22 (d,
2H, J =178 Hz), 5.03 (d, 1H, J = 7.9 Hz), 4.61-4.48 (m, 1H), 4.20-3.99 (m, 4H), 3.22-3.02 (m, 2H),
1.35 (s, 9H), 1.24 (t, 3H, J = 7.0 Hz), 1.23 (t, 3H, /= 7.2 Hz).

N*-Fmoc 4-[(Diethyl phosphono(difluoromethyl)]-L-phenylalanine (4).- A solution of 3 (824 mg,
1.83 mmol) in 90% TFA (5 mL) was stirred at room temperature (1 hr) then TFA was removed under
high vacuum. The residue was treated with H,O (10 mL) and evaporated under high vacuum, then
taken up in dioxane (25 mL). Fmoc-OSuc (613 mg, 1.83 mmol) was added, followed by a solution of
NaHCO, (922 mg, 11.0 mmol) in H,0 (10 mL) and the mixture was stirred at room temperature (2'/,
hrs). The mixture was partitioned between ice-cold 0.2 N HCI (100 mL) and EtQAc (2 x 100 mL); the
combined organic layers were washed with ice-cold 0.2 N HCI (100 mL), dried (MgSO,) then taken
to dryness to provide crude 4 as a syrup. Purification by silica gel chromatography (CHCL, followed
by EtOAc) gave pure 4 as a foam'* '6 (730 mg, 70%). [0]3} = +41.6° (c 1.10, CHCL); lit.! [a]2® =
+42.0° (c 1.0, MeOH). '"H NMR (CDCL,) 8 7.68 (d, 2H, J = 7.4 Hz), 7.48 (d, 2H, J = 7.2 Hz), 7.43 (d,
2H, J=8.1Hz), 7.32 (t, 2H, J=7.3 Hz), 7.22 (1, 2H, J = 7.2 Hz), 7.13 (d, 2H, J = 7.7 Hz), 5.40 (br d,
1H, J =7 Hz), 4.66-4.56 (m, 1H, 4.48-4.24 (m, 2H), 4.16-3.98 (m, 5H), 3.12 (d, 2H, J =5 Hz), 1.21 (t,
3H,J=7Hz), 1.18 (t, 3H, /=7 Hz).
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