Aspartic Acid, Serine, and Threonine in Peptide Synthesis

NS.Butyladenosine (VIIb) was prepared in analogy to VIIa from
chloro nucleoside I (0.2 g, 0.70 mmol), 1-aminobutane (0.14 ml, 1.4
mmol), and triethylamine (0.29 ml, 2.1 mmol) in DMF (1.5 ml). After
evaporation, the residue was crystallized from methanol to give 0.16
g (71%) of VIIb: mp 171-173 °C (lit.2! 176 °C); [a]?*D —36.4° (¢ 0.5,
CH3SOCH3); UV max (H20) 268 nm (e 17 600); (0.01 N HCI) 264 nm
(e 17 900); NMR (CD3SOCDs) 6 8.22 (s, 1, Hg), 8.10 (s, 1, Hp), 5.83 (d,
1,Hy, J1 9 = 6 Hz), 7.63 (poorly resolved t, disappeared on addition
of D20, NH), ca. 5.2 (poorly resolved m, disappeared on addition of
D;0, OH), the rest of the ribose proton signals and NCH at 6 3.3-4.5
are not well resolved, ca. 1.47 and 0.88 (poorly resolved m, 7, CCHs
and CHj). Anal. Caled for C;4H3N5O4: C, 52.00; H, 6.56; N, 21.66.
Found: C, 51.88; H. 6.60; N, 21.82.
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N -Boc-3-(4-bromobenzyl)aspartic acid, N-Boc-0O-(4-bromobenzyl)serine, and N-Boc-0-(4-chlorobenzyl)threo-
nine have been synthesized for use in solid-phase peptide synthesis. The side-chain protecting groups were five to
seven times more stable than the parent benzyl protection in 50% trifluoroacetic acid in dichloromethane and were
completely removed in liquid hydrogen fluoride at 0 °C in 10 min.

Included among recent improvements in solid-phase pep-
tide synthesis! is the development of side-chain protecting
groups based on quantitative measurements of their stabili-
ties.23 Since N-Boc protection?®5 is commonly employed along
with final deblocking in liquid hydrogen fluoride,® the ideal
protecting group is completely stable during removal of the
Boc group and completely removed in HF. We now report the
synthesis and properties of three new derivatives directed
toward this end.

The removal of the Boc group is effectively accomplished
in 50% trifluoroacetic acid in dichloromethane.” Benzyl pro-
tection of the side chains of serine, threonine, and aspartic acid
has been shown to be sufficiently stable in this reagent for

synthesis of peptides of moderate size.?3 However, it would
be desirable to have protecting groups for these amino acids
of even greater stability. Therefore, N-Boc-3-(4-bromoben-
zyl)aspartic acid (I), N-Boc-O-(4-bromobenzyl)serine (1),
and N-Boc-0-(4-chlorobenzyl)threonine (III) were synthe-
sized with II and III isolated as dicyclohexylamine salts. All
three compounds were prepared by procedures analogous to
those developed for the corresponding benzyl derivatives. The
steric purity of the new derivatives was assessed by two cri-
teria.

For testing the behavior of the new protecting groups,
compounds I, II, and III were converted to N-acetylamide
derivatives (Ia, Ila, and IIla in Table I), where any influence
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Table I. Stabilities of Side-Chain Protecting Groups in
Trifluoroacetic Acid

Loss of
Time of protection,
Compd tested® treatment, h/ %
Benzyl N«-acetylisoasparaginate 23 4
(benzyl 3-
acetaminosuccinamate)?
4-Bromobenzyl N«- 71 2.5
acetylisoasparaginate
(4-bromobenzyl 3-
acetaminosuccinamate, Ia)°¢
No-Acetyl-O-benzylserineamide? 23 3
Nr-Acetyl-O-(4-bromobenzyl)ser- 71 1.3
ineamide? (IIa)
N"-AgetyI-O—benzylthreonineam- 23 5
ide
Ne«-Acetyl-O-{4-chlorobenzyl)- 71 2.5

threonineamide® (I11a)

@ Prepared by conversion of the Boc-amino acid to the amide
by the mixed anhydride method followed by treatment with TFA
and acetylation with acetic anhydride in pyridine. ® Data from
ref 2. ¢ Mp 145-146.5 °C. Anal. Caled for C13H;5BrN»O, (343.18):
C, 45.50; H, 4.41; N, 8.16. Found: C, 45.57; H, 4.43; N, 8.13. ¢ Mp
151-152 °C. Anal. Caled for C1oH;5BrN2O3 (315.17): C, 45.73; H,
4.80; N, 8.89. Found: C, 45.86; H, 4.82; N, 8.89. ¢ Mp 187.5-190
°C. Anal. Caled for C13H17CIN2O3 (284.74); C, 54.84; H, 6.02; N,
9.84. Found: C, 54.92; H, 6.01; N, 9.99. / In 50% TFA in CHyCl,
at 24 °C.

of the amino and «-carboxyl groups is removed. Each was
treated with 50% trifluoroacetic acid in dichloromethane and
the loss of side-chain protection estimated by thin layer
chromatography as shown in Table I. All three protecting
groups were about five to seven times more stable than the
corresponding benzyl protection. Even more stable protecting
groups are possible but the use of these must be weighed
against ease of removal in HF since excessive exposure to this
reagent is not recommended.? All three protecting groups were
removed completely (>99%) by treatment with HF for 10 min
at 0 °C.

Experimental Section

Melting points were determined on a Fisher-Johns block and are
uncorrected. Microanalyses were performed by the Microanalytical
Laboratory, Department of Chemistry, University of California,
Berkeley. Thin layer chromatography (TLC) was run on silica gel in
the following solvents: chloroform-acetic acid, 15:1 (CA); 1-buta-
nol-acetic acid-water, 4:1:1 (BAW).

B-4-Bromobenzyl Aspartate. This compound was prepared by
the general method of Ledger and Stewart® with the exception that
the volume of water used in preparing lithium copper(I1) aspartate
was reduced fourfold to eliminate a time-consuming evaporation step:
overall yield 26%; mp 220-223 °C; TLC (BAW) Ry 0.55; [«]24D +14.1°
(c 2, 80% acetic acid).

Anal. Caled for C11H12BI‘NO4 (302.13): C, 43.73; H, 4.00; N, 4.64.
Found: C, 43.82; H, 3.89; N, 4.57.

N-Boc-8-(4-Bromobenzyl)aspartic Acid (I). This compound
was prepared from (3-(4-bromobenzyl)aspartate (20 g) by the Me SO
method!® and crystallized from ether—petroleum ether: yield 20.4 g
(77%); mp 128.5-130 °C; TLC (CA) R; 0.43; [«]**D —15.5° (¢ 2.08,
DMF).

Anal. Caled for C16H20BrNOg (402.25): C, 47.77; H, 5.01; N, 3.48.
Found: C, 47.85; H, 4.88; N, 3.74.

N-Boc-0-(4-Bromobenzyl)serine Dicyclohexylamine Salt
(IT). The alkylation of N-Boc-serine hydrate (4.0 g, 18 mmol) with
4-bromobenzyl bromide was carried out as described by Hruby and
Ehler.!! After removal of the liquid ammonia the residue was shaken
in a mixture of 100 m} of saturated aqueous NaCl, 10 ml of water, and
100 ml of ethyl acetate. The aqueous layer was discarded. To the ethyl
acetate layer was added water (50 ml) and, while cooling and stirring,
3 N HCl was added to pH ca. 2. The ethyl acetate layer was washed
with two 100-m! portions of water and dried over anhydrous MgSO,.

Yamashiro

Removal of drying agent and solvent gave an oil (4.3 g) which was
dissolved in ether (20 ml) and mixed with dicyclohexylamine (2.5 ml,
12.8 mmol). Removal of the ether gave a solid which was collected with
use of petroleum ether: 5.3 g. This was dissolved in CHCl; (20 ml),
evaporated in vacuo to an oil, and crystallized from ether-petroleum
ether: 4.3 g (43%); mp 147-149 °C; [«]2*D +23° (¢ 2.2, CHCl;).

Anal. Caled for Co7H43BrNoOs5 (655.57): C, 58.37; H, 7.80; N, 5.04.
Found: C, 58.83; H, 8.15; N, 5.32.

O-(4-Chlorobenzyl)threonine 4-Chlorobenzyl Ester Hydrogen
Oxalate. This compound was prepared as with the corresponding
benzyl derivativel? except that 4-chlorobenzyl alcohol (from reduction
of 4-chlorobenzaldehyde with NaBH,) was used. The crude product
from 21.3 g (179 mmol) of threonine was crystallized from 8 1. of ab-
solute ethanol: 20.5 g (25% yield); mp 192-193.5 °C; [a]?*D —87° (c
1.18, 80% acetic acid).

Anal. Caled for CooH21CloNO~ (458.29): C, 52.42; H, 4.62; N, 3.06.
Found: C, 52.17; H, 4.67; N, 3.23.

N-Boc-0-(4-Chlorobenzyl)threonine Dicyclohexylamine Salt
(II1). The hydrogen oxalate salt just described (25.5 g, 55.6 mmol) was
carried through the same procedure for the benzyl derivative. The
resulting crude oil (20 g) was dissolved in ether (200 ml), mixed with
dicyclohexylamine (12 ml)}, and allowed to crystallize at room tem-
perature: 22 g. A portion (15.6 g) was dissolved in CHCl3 (50 ml),
evaporated in vacuo to an oil which was quickly dissolved in ether (200
ml), and allowed to crystallize: 15.0 g. The process was repeated with
400 ml of ether to give 14.0 g (68% yield): mp 150-153 °C; [«]?*D
+26.5° {¢ 2, CHCly).

Anal. Caled for CosH,45CIN,O5 (525.03): C, 64.05; H, 8.63; N, 5.33;
Cl, 6.75. Found: C, 63.84; H, 8.47; N, 5.18; Cl, 6.82.

Optical Purity of Derivatives. Samples of I, II, and III (1.0 mmol
of each) were each treated in HF (20 ml) for 30 min at 0 °C in the
presence of anisole (1.5 ml). After removal of HF, the residue was
dissolved in 1 N HCl (20 ml), washed with two 20-ml portions of ether,
and evaporated in vacuo to dryness. Quantitative amino acid analy-
ses!3 gave yields of 100, 102, and 97% for aspartic acid, serine, and
threonine, respectively. Optical rotation in 5 N HClI at 24 °C gave +24
(c 2.6), +14 (c 2), and —14° (c 2.4), respectively [lit.'* [«]*’D (¢ 2,5
NHCI) +25.4, +15.1, and —15°, respectively).

N-Boc-3-(4-BrBzl)Asp-OH, N-Boc-0-(4-BrBzl)Ser-OH, and
N-Boc-0-(4-CIBzl)Thr-OH were coupled to HoN-Phe-resin by in situ
anhydride coupling!® with 4 equiv of Boc-amino acid and 2.5 equiv
of DCC in CH2Cl; for 2.5 h at 24 °C. The corresponding dipeptides
were obtained by treatment with HF (30-45 min at 0 °C) in the
presence of anisole. Each dipeptide (2 umol) was treated in 0.25 ml
of 0.05 M Tris buffer of pH 8 (0.01 M Mg?*) with 12 ug of leu-
cineaminopeptidase (Worthington) for 24 h at 37 °. Quantitative
amino acid analyses of the digests gave for H-Asp-Phe-OH,
Aspi.00Pheg g5; for H-Ser-Phe-OH, Serg gsPhej o; for H-Thr-Phe-OH,
Thr; 0oPhegg7. The dipeptides H-Asp-Phe-OH and H-Ser-Phe-OH
were separable from their constituent amino acids by TLC (BAW).
The dipeptide H-Thr-Phe-OH was separable from its constituent
amino acids by paper electrophoresis at pH 3.7 (pyridine acetate
buffer). Each digest showed less than 1% of unhydrolyzed dipeptide
by these criteria.

Stabilities of Protecting Groups in TFA and HF. The following
reference derivatives were prepared by treatment of 1a, I1a, and I11a
in liquid HF for 15 min at 0 °C.

N-Acetylisoasparagine (3-acetaminosuccinamic acid, Ib), mp
165-167 °C. Anal. Caled for CgH1gN2O4 (174.16): C, 41.38; H, 5.79;
N, 16.09. Found: C, 41.44; H, 5.75; N, 15.96.

N-Acetylserineamide (Ilb), mp 141-143 °C. Anal. Caled for
CsH]()NgO;; (14615) C, 4109, H, 690, N, 19.17. Found: C, 4118, H,
6.85; N, 19.11.

N-Acetylthreonineamide (IIIb), mp 123-125 °C. Anal. Calcd for
CsH;2N504 (160.17): C, 44.99; H, 7.55; N, 17.49. Found: C, 45.03; H,
7.48; N, 17.49.

Samples (10 mg) of Ia, Ila, and IIla were treated in 50% TFA in
CH,Cl; (10 ml, 24 °C, 71 h) and in liquid HF (5 ml containing 0.1 ml
of anisole, 0 °C, 10 min). After removal of solvents by evaporation
below reaction temperatures, the resulting products were dissolved
in glacial acetic acid and run on TLC (BAW). The derivatives la, IIa,
and I1la all traveled with Ry’s close to 0.70. The derivatives Ib, IIb,
and I1Ib gave R/’s of 0.29, 0.36, and 0.45, respectively. Estimates of
side-chain removal in TFA or HF were made on TLC by running the
treated derivatives along with serial aliquots of appropriate untreated
derivatives and comparing color intensities revealed by chlorine-
tolidine reagent.
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A brief converging total synthesis of the title compound is reported, utilizing as the key step a Michael-aldol se-
quence on the 8-keto ester 4b to form the highly functionalized cyclohexenone 2b.

The sexual cycle of the fungi Blakeslea trispora and
Mucor mucedo is mediated by a series of hormones, the
trisporic acids (1a-e, R = H).2 These hormones are derived
biosynthetically from B-carotene,? and recently several pro-
hormones have been isolated with lower oxidation levels at C-4
and the carboxylic acid carbon,? indicating that these are the
sites of last modification in the biosynthesis. Synthetic efforts
have thus far resulted in two syntheses of methyl trisporate
B (1b, R = CHj3) and/or C (1e, R = CHj3),5% and some work has
recently been carried out on the utilization of Hagemann’s
ester for the formation of a potential intermediate in trisporic

0 0
CH,
R,
7 . CHX
OR R, CH; COCH,
la)R1=R‘Z=H 2&,X=O
b, R, = R, = O(and 9-cis) b,X = (OCH,),
¢, R, = H; R, = OH (and 9-cis)
0
YHC \/\,3 |
Y\ 0 CH,0,CCHRCCH(OCH,),
3a,Y = OH 4a,R=H
b,Y = Br b,R =CH,
¢, Y =*"PPh,~
0
i
CH(OCH,),
CH, CO,CH,

5

acid synthesis.” We wish to describe a convenient converging
synthesis of the methyl ester of (+)-(7E,9E)-trisporic acid B
(1b, R = CH3), which is also a fully active compound.4

The striking feature of this molecule is certainly the cy-
clohexenone moiety, suggesting a Michael-aldol sequence for
its formation. We felt that the potential power of this sequence
dictated its use, but contrary to previous work,>% we wished
to carry out the formation of the ring as quickly as possible,
before the appendage at C-6 was attached. With this in mind
we chose as our target molecules the aldehyde 2a and the
phosphonium salt 3¢, which we planned to join via a Wittig
reaction. The choice of 2a and 3¢ provides us with two mole-
cules each of which should be available in a few steps, thus
portending a very direct overall route.

Analysis of the aldehyde 2a indicates that the most effective
means of applying the Michael-aldol sequence is to form the
six-membered ring by joining a four-carbon unit to a two-
carbon unit. Treatment of pyruvaldehyde dimethyl acetal
with sodium hydride and dimethyl carbonate afforded the
B-keto ester 4a,® which was methylated with sodium hydride
and methyl iodide to provide 4b.8 At this point there were
several options available to us for the conversion to 2b. In
principle the Michael adduct might be first isolated, and then
cyclized to 2b under mild conditions, or the entire Michael-
aldol sequence might be carried out at one time with a some-
what stronger base. The highly functionalized nature of 4b
suggested the former approach as the more promising one.
Treatment of a solution of 4b in methanol containing a cata-
lytic amount of sodium methoxide with ethyl vinyl ketone did
indeed afford 5, which could be cyclized under various con-
ditions to 2b. More conveniently, however, the best procedure
turned out to involve treatment of a solution of 4b in methanol
containing 1 equiv of sodium methoxide at room temperature
with ethyl vinyl ketone over 3 h. This method provided 2b
directly in 45-50% yield, with no contamination by 5. In this
procedure methyl vinyl ketone also worked well as the Michael



