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Abstract: Synthesis of the title compound was accomplished V|A survey of the literature revealed that activatiohl¢g-
coupling of §-alaninyl-©)-1-amino-3-methyl-4,5,6,7-tetrahydro- ﬁ1ethoxycarbonyl—l—methylwnyI)S_b—.aIanlne sodium salt
2H-3-benzazepin-2-one with the activated trimethylsilyl ester dfan be accomplished using a variety of reagents such as
(S-2-trimethylsilyloxy-3-methylbutyric acid, followed by depro- Chloroformates. The synthesis of requires the penulti-
tection and crystallization in situ. The starting material was preénate intermediat, the potential route to which might in-
pared by the condensation of)-{l-amino-3-methyl-4,5,6,7- volve the use ofN-(2-methoxycarbonyl-1-methylvinyl)-
tetrahydrO-E’l‘3'benZaZepin'2'one with aCtlvateNi(Z-methoxy- (S)_alanlne Sodlum SaI'BI _ the Dane Salt Oq_alanlne
carbonyl-1-methylvinyl)-§)-alanine sodium salt in the form of the _ instead ofN-Boc-(S)-alanine. The enamine moiety of
mixed carboxylic carbonic anhydride, followed by enamine hydro%—he Dane salt can be easil .removed under mild acidic
ysis using methanesulfonic acid. . y . . .
aqueous conditions to unmask the amine functionality.
Thus, compound was prepared from readily available
and inexpensive starting materials: methyl acetoacetate,
(9-alanine and sodium hydroxide, in methanol solvent,

following a literature procedure.

Key words: trimethylsilyl, (§-2-hydroxy-3-methylbutyric acid,
mixed anhydride, Dane salt

The title compound4) is being developed for inhibition ,
of B-amyloid peptide release as a method for treatirfg@Sed on our recent wofkye demonstrated the straight-
Alzheimer's diseaskThe enabling synthesis 4f shown forwqrd synthe§|s a via activation ob as its mixed car-
in Scheme 1, involved two peptide coupling reactions #PXylic-carbonic anhydridéin DMF at —-48 °C, followed
form intermediate8 and the target compourdusingN- By coupling with free aming, generated in-situ frorh.
ethylN'-(3-dimethylaminopropyl)carbodiimide hydro- Workup and hydrolysis of enamiaising aqueous meth-
chloride (EDC) as a coupling agent, in the presence of @2€sulfonic acid and product isolation, ge/én 93%
hydroxy benzotriazole (HOBT), followed by crystalliza-Yiéld from1with a chiral purity of 99.5% (Scheme 2). Af-
tion.t This process involved various solvent exchanget€r the successful synthesis3pive focused our efforts on

pH adjustment and multiple extractions. finding an alternate coupling approach to the synthesis of
4. The first synthetic approach incorporated mixed anhy-

We were interested in developing a more streamlinegl;qe formation (for activation towards acylation) and si-

cost-effective and environmentally friendly process fof, itaneous protection of thehydroxy group ofd as a
the synthesis ofl. This manuscript details an alternatg., b onate or ester (Scheme 3)

synthesis of the title compound.

/TN MsO~
Ho  \ o) o
BocHN\)I\ "H N\)J\
HoN . N . s N
I i H I ' H
Me Me
10 N

o N \ 90% Ioi r\\n
1 Me 2 Me 3 Me
i, ivl%%
o)
H\)I\
N
HO N
o wme
e
o A
2H,0 4 Me

Scheme1l Enabling synthesis ef. Reagents and condition§) Boc-(S)-alanine, EDC, HOBT, CkCl,; (ii) MeSO;H, CH,Cl,—MTBE; (iii)
(9-2-hydroxy-3-methylbutyric acid, EDC, HOBT, GEl,; (iv) acetone—kO.
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Scheme2 Synthesis oB via mixed carboxylic-carbonic anhydride activation of the Dane salt
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(9-a0-Methylbenzylamine 1) was chosen as a modelWe planned to deprotect the carbonate or ester functional-

amine. Several chloroformates were examined, such #ég,via acid or base hydrolysis. However, treatment of a

ethyl chloroformate and isobutyl chloroformate. Howevmixture of12 and13 with methanolic potassium carbon-

er, the anticipated problem with this route was the poteate lead to epimerization and formatioridf as indicated

tial competition for the amine between the carbonyly the resonances in the proton spectrum resulting from

groups inl0 and the carbonate functionality. The productthe methyl group of the-methyl benzyl moiety. Hydro-

of the acylation reactions were thus examined by HPLC iysis of the same mixture under acidic conditions (HCl or

order to determine the ratio 2 to 13 (Table 1). H,SQO,) provided a mixture of4a and13. As the best re-
sult for acylation ofL1 was obtained using pivaloyl chlo-

R?00C
122 O
+

2 H
R N \b hydrolysis
ase
\ﬂ/ Y y -
13 O R

R! = Ph; R? = OEt, Oi-Bu, or t-Bu

Scheme 3

Tablel Impact of Acid Activating Agent on Product Formafior  ride -BuCOCI), amine3a was subjected to acylation
Ami . o . under the same conditions. However, since analysis of the
mine Acid activating agent  Ratio (product/by-produ . . " .
reaction mixture indicated a product to by-product ratio of
11 CICO,Et 51 1:1, indicating poor selectivity in acylation &, this ap-
1 CICOL(i-BU) - proach was not further investigated.
Another classical acylation strategy was to con9ento
nn t-BuCOCl 16:1 the ©-2-trimethylsilyloxy-3-methylbutyric acid silyl es-
3a t-BucocCl 11 ter (15), followed by its conversion into the corresponding
acid chloride 16) using oxalyl chloride, as previously
3a CICO,Et 3:2 demonstrated in the literatutégllowed by coupling with

aReaction performed in Gl 3a. This approach was superior to the carbonate route
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since silyl protection of the alcohol moiety would not prealanine 6; 2.29 g, 0.0110 M) and DMF (13 mL, 5.68 vol). The slur-
dispose this site to side reactions. ry was stirred for 20-25 min at r.t. under a nitrogen atmosphere to
. . . . .obtain a clear solution, then cooled to between —48 °C and -50 °C.
Compogncﬁ was converted into its corresporydmg bis-trinmm (0.03 mL, 0.0003 M) and CICQ-Bu) (1.40 mL, 0.0107 M)
methylsilyloxy-protected derivativé5 by heating in the were added sequentially, while maintaining the temperature at
presence of hexamethyldisilazane (HMDS) and catalyti&8 °C during addition [CIC&i-Bu) addition caused an exother-
ammonium sulfate, followed by distillation. Conversiorinic reaction]. The reaction was stirred at —48 °C for an additional
of 15 with oxalyl chloride in the presence of catalytig\- 30 min then used immediately as described below.
dimethylformamide, in either dichloromethane or tetrahyRreparation of Free Amine 5
drofuran, resulted in the formation of acid chlorit® To a 25 mL round-bottomed flask equipped with a thermocouple
Coupling of3a with 16 led to the formation of intermedi- and magnetic bar, was add&d2.26 g, 0.01 M) and Ci&l, (10
ate17, which was converted int by hydrolysis in situ. mL). The contents were stirred for 10 min and then cooled to
Since compoundt can be crystallized from acetone—10°C, NMM (1.01 g, 0.01 M) was added and the reaction was
water, the solvent was exchanged with acetone after H&éd for 10 min and then cooled to —20 °C.
acylation reaction and before doepr_otectlon. Finally, COMBst eparation of Enamine 8
pound4 was crystallized in 82% yield from the aceton@re free base slurry & (prepared as described above) at —48 °C,
solvent by addition of water. was added to a pre-cooled solution of the mixed anhydrate

=48 °C as soon as possible. £} (4 mL) was used to rinse the

In conclusion, a streamlined, cost-effective and enviror] ! "
mentally friendly process for the synthesisddias been flask. Tht_a reaction temperature rose to -39 °C. The temperature of
y the reaction mixture was allowed to slowly rise to r.t. over 4.5 h to

developed, as shown in Scheme 4. give a thick slurry. CkCl, was removed at atmospheric pressure
using a rotary evaporator and then DMF was removed under vacu-
7 um. CHCI, (40 mL) and HO (30 mL) were added to the reaction

(NH4)2S04 DMF (cat.) mixture and the contents were stirred at r.t. to dissolve the solids.
o (cat) THF or CH,Cl, The organic layer was taken and concentrated to obtain a white sol-
HMDS  OTMS OTMS (COCl)y, 1. |OTMS c id, which was suspended in acetone (9.5 mL), filtered and dried in
120 C, 5h a vacuum oven.
distillation 15 © 16 o)

- Yield: 93%; white solid; mp 212—-214 °C.
IR (KBr): 3299, 1647, 1597 crth

.
NMM o IH NMR (300 MHz, DMSO#,): § = 1.3 (d,J = 6.9 Hz, 3 H, CH),
3 - HZN\)J\ 1.95 (s, 3H, CH), 2.93 (s, 3 H, NCH), 3.3-3.6 (m, 3 H, & CH),
rt N 3.7 (s, 3H, COOCH), 4.19 (m, 1 H, CH), 4.4 (s, 2 H, CH, =CH),
Me N 4.6 [m, 1H, GI(CH,)], 6.2 (d,J=6.3 Hz, 1 H, CH), 7.2 (m, 4 H,
. © b ArH), 8.6 (d,J=7.7 Hz, 1 H, NH), 8.8 (d] = 7.7 Hz, 1 H, NH).

- HRMS: m/z calcd for GgH,sN5O,: 359.4288; found: 359.4283.

i . Preparation of 3
add water /=\ The enaming obtgi_ned above, was dissolved_inpﬁ (70 mL)
distill CH,Cly or THF o9 N\ / under reflux conditions. Splven_t exchange with acetone (70 mL)
add acetone-water N\)I\ was performed. The reaction mixture was cooled to 12-15 °C, and
. cool and filter oTMS TN MsOH (0.85g, 0.0088M) and,8 (0.16 mL) were added. After stir-

o Me 7N ring for 10 min, white solids appeared. The contents were stirred for

17 Ve 3—4 h then filtered and washed with acetone (18 mL). The product

- was dried in a vacuum oven at 50 °C.
Scheme4  Alternate synthesis ef using TMS protection Yield: 93.56%; white solid; mp >260 °C; chiral purity 99.5% (de-

termined by chiral HPLC).
_ IR (KBr): 3274, 3077-2803, 1646 chn
1M, oty oo, OGS, 3, e 1, o Oy <1500 61 14
yimorpholine (NMM), methanesuifonic acid (MsOH), DMF, THF,2-28 (S, 3H, OS@H,), 2.92 (s, 3H, NCh), 2.91 (m, 2H,

CH,Cl, and NaOH pellets were all used as received from commeq< CH). 3.81 (m, 1 H, CH), 4.23 (m, 2 Hx2CH), 6.21 (dJ)=7.9
cialzsuzppliers without purification. z, 1H, CH), 7.18 (m, 4 H, ArH), 8.10 (br, 3 FiNH,), 8.94 (d,

'H NMR spectra were recorded on a 300 MHz Bruker Avance spe%:: /-7 Hz, 1 H, CONH).

trometer. Chemical shifts (d) are reported in ppm downfield frori RMS:m/zcaled for GHzN;0,: 262.1556; found: 262.1556.
TMS. HPLC analysis was performed using an Agilent HPLC 110
series instrument. Melting pointgere measured on Buchi R-535
apparatus and are uncorrected. HRMS were recorded using a
ters LCT instrument with electrospray ionization. IR spectra we
recorded using a Nicolet Magna 550-FTIR spectrophotometer.

greparation of 15

a 250 mL 3-necked round-bottomed flask equipped with a mag-
Iréeti(: stir bar, condenser, thermocouple, and nitrogen purge, was
added (20.2 g, 0.171 M), HMDS (80 mL, 0.3836 M), and )&,
(80 mg). Upon addition of the HMDS, the reaction mixture became
Preparation of Mixed Anhydride 7 a solid mass. The mass was heated to 124-126 °C whereupon the

To a 100 mL 3-necked round-bottomed flask fitted with a mechaﬁQIids dissolved to form a homogeneous solution. The solution was
ical stirrer and temperature probe, was added the Dane s8Jt of (efluxed for 6 h and then allowed to cool to r.t. Excess HMDS was
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removed by vacuum distillation and the product was collected @h, 6 H), 2.90 (s, 3 H), 2.00 &= 6.9 Hz, 1 H), 1.30 (d] = 6.9 Hz,
40-45 °C (1.4-1.8 torr). 3 H), 0.81 (dd,)=6.9, 6.9 Hz, 6 H).

Yield: 90%. HRMS: m/z calcd for GgH,gN3O,: 362.2080; found: 362.2084.

H NMR (300 MHz, CDCJ)): § = 3.89 (d,J=5.7 Hz, 1 H), 2.058

(m, 1 H), 0.917 (d, 1 H), 0.866 (d~= 6.9 Hz, 3 H), 0.296 (s, 9 H),

0.152 (5. 9 H). Acknowledgment
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netic stir bar, thermocouple, and septum, was adée(5.32 g,

0.0203 M), CHCI, (21 mL), and DMF (3 drops). The solution was
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Preparation of 4

To a separate 250 mL single-necked round-bottomed flask
equipped with a magnetic stir bar, was ad8€8.58 g, 0.0156 M)
and CHCI, (67 mL). To this agitated slurry at r.t., was added NMM
(4.62 mL, 0.0422 M) over 3 min. The slurry was stirred at r.t. for 2
h, and then added to a solutionl6éf(prepared as described above)
at r.t. To ensure complete transfer3af the flask was rinsed with
CH,CI, (10 mL). The reaction mixture was agitated at r.t. for 4 h,
then HO (40 mL) was added to the reaction mixture. The mixture
was distilled with an internal set point of 60 °C at atmospheric pres-
sure, to afford a white slurry. To the slurry at 47-53 °C, was added
a mixture of HO (60 mL) and acetone (10 mL). The slurry was al-
lowed to cool to r.t. over 2 h, then the solids were filtered and
washed with HO (20 mL). The product was dried in a vacuum
oven at ambient temperature.

Yield: 85.2%; solid; mp 208-212 °C; chiral purity: 99.5% (deter- W., Ed.; Plenum Press: New Yor973, 67.

mined by chiral HPLC). (3) Fennell, J.; Semo, M.; Wirth, D.; Vaid, R. 8ynthesi2006,
IR (KBr): 3323, 1687, 1654 cth 2659.

L e N (4) (a) Kelly, S.; LaCour, TSynth. Commuri992, 22, 859.

H N'Y'R (300 MHz, DMSO€): 5 = 8.43 (dJ: 7.8 Hz, 1 H), 7.92 (b) Trost, B. M.; McDougal, P. G.etrahedron Lett1982,
(d,J=7.7 Hz, 1H), 7.19 (m, 4 H), 6.22 (@= 7.9 Hz, 1 H), 5.46 23,5497. (c) Rosen, T.; Watanabe, M.; Heathcock, C. H.
(br, 1 H), 4.62 (t)=7.0 Hz, 1 H), 4.21 (m, 1 H), 3.71 (s, 1 H), 3.23 J. Org. Chem1984, 9, 3657.
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