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Ring Closing Metathesis in Organic Synthesis: Evolution of a High Speed, Solid Phase
Method for the Preparation of B-Turn Mimetics.
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Abstract: Complimentary solid phase syntheses of the Freidinger lactam class of P-turn
mimetics have been developed using ring closing metathesis as both the key carbon-carbon bond
forming step and the cyclative cleavage mechanism. Solid phase variants of the Fukuyama-
Mitsunobu process were utilized as part of a rapid three-step sequence to construct immobilized

lactam precursors. An alternative solid phase process is offered which utilizes an Ugi/ring

[l

losing metathesis reaction tandem to deliver the desired compounds in two synthetic operations.
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In vivo modulation of disease-relevant protein-protein interactions is a contemporary challenge for the

pharmaceutical industry.! While a handful of biologically active proteins have become commercial successes
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(e.g. erythropoietin [EPO], granulocyte colony-stimulating factor {G-CSF], and the interferons [IFNs 1.7 general
application of protein therapeutics has been severely limited do to their poor physiochemical properties, rapid

clearance, rapid degradation, antigenicity, and systemic toxicity. In this regard, the industry must position itself
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macromolecular interactions. This critical need is further underscored when considering the enormous number
of new therapeutic targets which will be identified over the next several years due to advances in ¢cDNA
4
qux:a
The three fundamental motifs utilized by nature for protein assembly are a-helices, B-sheets, and reverse
turns. Of these, reverse turns, including B-turns (Figure la) have been identified to play critical roles in
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moiecular recogniion.
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constrained peptidomimetic scaffolds.® Information gleaned through receptor binding or enzyme inhibition

assays using constrained analogs of biologically active peptides often leads to a greater understanding of the

racoantaor-haonnd canfarmation of the endo
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“small molecule” peptide mimics often display metabolic profiles superior to their acyclic congeners and may
therefore constitute attractive in vivo probes for proof of concept and target validation experiments. Thus, as
ogram directed towards the modulation of selected protein-pr 1 interactions, we se
to develop high-speed, combinatorial entries into the important Freidinger lactam’ class of p-turn mimetics
(Figure 1b).

Inspired by reports from Grubbs’ laboratories,® we envisioned that
available from the corresponding acyclic dienes via ring closing metathesis (RCM) (Scheme 1).? Furthermore,

if the diene precursors were attached to a solid support via one of the terminal olefin residues, the olefin

methathesis reaction could serve as a cyclative cleavage mechanism in the formation of the desired produc‘cs.m‘]S
The olefin functionality in this scenario would, in turn, serve as an extremely robust “traceless linker.”!®* The

0
fact that metal carbene complexes such as I and related substances were developed and successfully utilized as

ROMP (Ring Opening Metathesis Polymerization) catalysts'® supported the intended solid phase application.

Scheme 1
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Towards this end, the immobilized diene 3 (Scheme 2) was constructed in order to test the outlined
reaction manifold. Starting with Frechet’s cinnamyl alcohol resin 1,'® we employed a solid phase variant of the
Fukuyama amine synthesis'’ for the crucial loading step. In practice, the 2,4-dinitrobenzenesulfonamide of
phenylalanine methyl ester was subjected to the THF swollen resin 1 in the presence of triphenylphosphine and
diethyl azodicarboxylate (DEAD)."* After shaking for several hours, the immobilized sulfonamide 2 was
treated with n-butylamine (10 equiv.; 1.0M in dichloromethane) at room temperature to affect sulfonamide
cleavage. After one hour, the resin was washed, suspended in dichloromethane and acylated with racemic (-
Boc-allyl giycine to give the penuitimate, immobilized diene 3. T {
loading)'® in dichloromethane at room temperature afforded no detectable products (TLC, mass spec.) after 6h.
However, utilization of 1,2-dichloroethane and heating at 80°C for 6h gave the desired lactam 4 in >90%
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purity”® as a 1:1 mixture
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(a) phenyialanine methyl ester-2 4-dinitrobenzenesulfonamide, DEAD, PPhs, THF, RT, 16h, 69%. (b) n-
BuNH,, CH,Cl,, RT, 2h. (¢) (+)-N-t-Boc-allyl glycine, 1-methyi-2-chioropyridinium iodide, EtN(i-Pr),, CH,CIy,
reflux, 16h. (d) catalyst I (5 mol % based on loading), 1,2-dichloroethane, 80°C,16h,16% from 2.
Gratified by these results, we set out to address one of the limitations of this approach, namely the

absence of commercially available 2,4-dinitrobenzenesulfonamides. As shown in Scheme 3, we explored an

alternative reaction paradigm utilizing the nucleophilic resin component 5 in the initial Fukuyama-

O
—

Mitsunobu'®'° loading step. We anticipated the described umpolung approach would allow us to leverage
both
Scheme 3.
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procedure’ ”'® to render a more practical, high-speed entry into the desired peptidomimetic class. Thus,

alkylation of the 2,4-dinitrobenzenesulfonamide resin § with an alcohol input using Fukuyama-Mitsunobu
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with an w-unsaturated pentenoic acid derivative afforded intermediate
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(RCM) with concomitant substrate cleavage provided the desired lact,

and secondary substrates, including o-hydroxy esters serving as amino acid precursors (ent
20a,b

<
dl

desired products in good overall yield and in excellent purity. In addition to the use of t-Boc-allyl glycine as

Entry R, R, Rs %welJ of (8)
1 Ph H NH#Boc 36
2 3-CFaPh H NH#-Boc 31
3 3-CIPh H NH#-Boc 31
4 4-MeOPh H NHt-Boc 30
5 n-Pr H NHt-Boc 34
6 Me Me NH#-Boc 29
7 Ph CO,Me NHt-Boc 23
8 Ph H (CgHq4)-CH,CH, 34

Ph H i-Pr 35
10 Ph H Ph 15

The 2,4-dinitrobenzenesulfonamide resin § was prepared according to Scheme 4. Alkylation of trans-
h

cinnamy! alcohol resin 1'® with the -Boc protected 2.4-dinitrobenzenesulfonamide 9'7 gave resin 10. Loading
. .1 [ R T AP SR I JUPRPUUU- s PRy (RGN [ Y Sl [P oS ST PSS S U
was convenienily assessea at this stage via suifonamide cle: vage and gravimeiric anaiysis 01 Ui ICSUIUIg /v-i7-

butyl)-2,4-dinitroaniline 11.  Subsequent treatment of 10 with trifluoroacetic acid gave the desired

cinnamylamine-2,4-dinitrobenzenesulfonamide resin 5 in multigram quantities and in excellent overall yield.?
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(a) DEAD, PPhs, THF, RT, 16h. (b) n-BuNH,, CH,Clp, RT, 2h. (c) TFA, CHCl,, RT, 16h.

Next, we examined the possibility of substituting the three-step linear construction of immobilized

eaction 23

upling reaction. uccessful, this
conclusive iteration would represent a complimentary, two-step solid phase synthesis. The concepi derived

precedent from the work of Armstrong and co-workers who previously reported successful implementation of

Ugi four component coupling (4CC) chemistry™ on solid support.”’ Retrosynthetic analysis according to
Scheme 5 dictated the requirement for an unsaturated, immobilized amine component, an acylated allyl glycine

component, and standard aldehyde and isonitrile inputs.  The desired resin 13, in turn, was prepared in

uantities vig treatment of resin 12 (Schcmc 4) with trifluoroacetic acid in dichloromethane (1:1),

Scheme 5

Ug|—4CC

With cinnamyl amine resin 13 in hand, it was screened for efficacy using r-Boc-allyl glycine,

nd various aldehvdes according to Scheme 6. The resulting immobilized dienes were washed,

dried and suspended in 1,2-dichioroethane.

the desired lactams 14 as diastereomeric mixtures in moderate to good yields affer rwo synthetic operations.
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Table 2 Entry R % Yield (14)
1 -Pr- 62
2 PhCH,CH.- 55
3 Ph- 21

Finally, we attempted the high speed synthesis of a four amino acid B-turn mimetic scaftold using the
described, two-step manifold. Thus, treatment of the cinnamyl amine resin 13 with isobutyraldehyde, r-butyl 2-
isocyano-3-phenyl propionate,”’ and the unsaturated /-Boc-protected dipeptide 15 gave the corresponding
immobilized linear tetrapeptide 16. RCM followed by trifluoroacetic acid treatment gave the desired lactam 18

as a mixture of diastereomers in 61% overall yield (>95% pure)28 after trituration from ether.
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(a) CHoClo-MeOH, RT, 48h. (b) catalyst I (5 mol%), 1,2-dichloroethane, 80°C, 24h. (c) TFA, CH»oCly, RT,
16h, 55% overall.
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In conclusion, complimentary high-speed soli

mimetics have been developed. The first and second generation approaches utilize novel, solid phase variants of



methods utilize four-step linear sequences to access desired products, the described two-step (Ugi-RCM)

approach procures its diversity, both constitutional and stereochemical, via a multi-component coupling process.

Acknowledgments. We thank Dr. Leszek Poppe and Mr. Stephan Groger for their NMR assistance, Ms.
Bhavana Shah and Ms. Anjali Bhide for their mass spectroscopy assistance.

General Methods:  All '"H NMR spectra were recorded on a Bruker DRX 400 MHz spectrometer. The
following abbreviations were used to explain multiplicites: s, singlet; d, doublet; t, triplet; g, quartet, m,
multiplet; b, broad. IR spectra were recorded using a Nicolet FT-IR spectrometer using KBr. Low
resolution mass spectra were obtained on a PE-SCIEX API-150 mass spectrometer under electrospray
ionization conditions. High resolution mass spectra were recorded on a VG 7070EQ mass spectrometer
under FAB or EI conditions (University of Colorado) Thin layer chromatography, flash chromatography
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Synthesis of Compound (4): To a suspension of resin 1 (0.5-0.7 mmol/g) in THF at RT was added the
sulfonamide (3 equiv.), triphenylphosphine (3 equiv.) and diethylazodicarboxylate (3 equiv.), all as 0.2 M
solutions in THF. After shaking 16h at RT, the mixture was diluted with 1 part CH,Cl,, and n-butylamine (1.0
M sol. in CH,Cl,; 10 equiv.) was added. After shaking for 1h at RT, the resin was filtered, washed with
CH,Cl,, MeOH and air dried. The resin was re-suspended in dichloromethane at RT and treated with -Boc-
allyl glycine (3 equiv.), EIN(i-Pr); (3 equiv.), and 1-methyl-2-chloropyridinium iodide (3 equiv). After heating
at 40°C for 16h, the resin was washed with DMF, dioxane-water, MeOH-water, MeOH, CH,Cl,, air dried and

re- suspended in degassed 1,2-dichioroethane. (Lng)lezKu—LHt'h (0.1 M in 1,2~ dlchloroemane) was then
e P . g e B gy . ad ONOM £ U

dﬂucu {‘J mUl/O Ddbﬂu on GU/O L()Ilvﬂrbl(lﬂ)" anda inc€ Imxturc was l]CdlEU. dl ouU LU 101 lUn \ nuung, llllrdllUH
through silica gel and solvent evaporation gave the desired lactam.

Compound (4): (mixture of diastereomers) 'H NMR (CDCl3) & 7.31-7.12 (m, 10H), 5.80-5.70 (m, 2H), 5.69-
E LA /e NI £ &1 734 1_1n:U_:nU,. 1Y £ 24 (A4 FT—0& e £ K T 1INV A Q2 4K (:an DL A NQ
J.54 {m, <ri), 5.01 (Gq, v = 1U.0 1z, 5.V Nz, i), 5.0 (a4, v = 5.0 nZ, 0.0 1z, irij, 4.53-4./5 {iN, 211j, 4.25-
412 (m, 2H). 3,75 (s, 3H), 3,70 (s, 3H), 3.63-329¢( 2H). 304 (dd. J=14.1 Hz. 95 Hz. 1H). 294 (dd. J =
Feid \Llly Lidj, PO Dy FaAgy DTV 5y Jiag, J.USTILT \Aady Lil), J.UN (B, O i 1L, J.J0 R4, 1% ), £ =, Y
14.1 Hz, 10.5 Hz, 1H), 2.70-2.55 (m, 2H) 2.55-2.46 (m, 2H), 2.29-2.13 (m, 2H), 1.91-1.17 (m, 2H), 1.45 (s.
9H), 1.44 (s, 9H). MS (electrospray): m/z 406.3 (M+NH,)", 100%; 389.2 (M+H)" 60%.

Representative experimental for the solid phase synthesis of (8): To a suspension of resin 5§ (0.5-0.7
mmol/g) in THF at RT was added the alcohol (3 equiv.), triphenylphosphine (3 equiv.) and
diisopropylazodicarboxylate (3 equiv), all as 0.2 M solutions in THF. After shaking 16h at RT, the mixture was
diluted with 1 part CH,Cl,, and »n-butylamine (1.0 M sol. in CH,Cl,; 10 equiv.) was added. Aftecr shaking for 1h
at RT, the resin was filtered, washed with CH,Cl,, MeOH and air dried. The resin was re-suspended in DMF at
RT and treated with -Boc-allyl glycme (3 equiv.), EtN(i-Pr); (3 equiv.), and HATU ([O-(7-azabenztriazole-1-
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Yi)-1,1,0,3-1€irameiny iuronuim ucxa.MUULUpuprudtC]) Ui rypior { OIOIMO-1TiS{ Py1T011Giind jpnospadiium
havafluaranhagnhate) (2 enniv ) all ac () 1 M cn]nhn S in I )MF AHPI‘ shaking 16h a R l {42"1 \L’th Pernp
HIvAGILIUL] tlll\)ol_}llﬂl\t} - \/\1“LV Jy SKii WO V. AVA OVANVALA AwF A4 WSLARALALAE A VAL w
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was used), the was washed with DMF, MeOH-water, MeOH, CH,Cl,, air dried and re—submndcd in

degassed 1,2- dlchloroethane (Cy3P),CLL,Ru=CHPh (0.1 M in 1,2-dichloroethane) was then added (5 mol%
based on 80% conversion)?¢ and the mixture was heated at 80°C for 16h. Cooling, filtration through silica gel
and solvent evaporation gave the desired lactam.
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Table 1; entry 1: 'H NMR (CDCl;) & 7.45-7.14 (m, 5H), 5.91 (bd, J = 7.3 Hz 1H), 5.78-5.71 (m, 1H), 5.67-
5.60 (m, 1H), 4.99-4.97 (m, 1H), 4.70 (ABq, Jas = 15Hz, AvAB = 49.8, 2H), 4.37-4.30 (m, 1H), 3.38 (m, 1H),
2.35-2.26 (m, 1H), 1.49 (s, 9H). m/z 334.1 (M+NH,)", 20%; 317.4 (M+H)" 100%.

Table 1; entry 2: '"H NMR (CDCl3) & 7.59 (m, 4H), 5.82 (bd, J = 7.2 Hz, 1H), 5.80-5.72 (m, 1H), 5.68-5.59 (m,
1H), 5.68-5.59 (m, 1H), 5.10-5.02 (m, 1H), 4.73 (ABq, JAB = 15.0 Hz, AvAB = 37.8, 2H), 4.41-4.35 (m, 1H),
3.35 (m, 1H), 2.78-2.70 (m, 1H), 2.35-2.22 (m, 1H), 1.45 (s, 9H). HRMS (EI) (M+H)" calc. for: 385.1739,
found: 385.1723.

Table 1; entry 3: '"H NMR (CDCl;) § 7.25-7.20 (m, 3H), 7.15-7.088, (m, 1H), 5.87 (bd, J = 7.6 Hz, 1H), 5.79-

5.73 (m, 1H), 5.69-5.61 (m, 1H), 5.00 (m, 1H), 4.65 (ABq, JAB = 15.0Hz, AvAB = 33.5, 2H), 4.40-4.30 (m,

1H), 3.34 (m, 1H), 2.76-2.67 (m, 1H), 2.35-2.23 (m, 1H), 1.47 (s, 9H). HRMS (EI) (M+H)" calc. for: 351.1475,

found: 351.1465.

Table 1; entry 4: '"H NMR (CDCl;3) 6 7.16 (d, J = 8.5 Hz, 2H), 6.68 (d, J = 8.5 Hz, 2H), 5.91 (bd, J = 6.5Hz,

1H), 5.77-5.67 (m, 1H), 5.66-5.57 (m, 1H), 4.96-4.92 (m, 1H), 4.60 (ABq, JAB = 14.8Hz, AvAB = 33.5, 2H),

4.33-4.20 (m, 1H), 3.81 (s, 3H), 3.36 (m, 1H), 2.74-2.63 (m, 1H), 2.34-2.21 (m, 1H), 1.47 (s, 9H). HRMS (EI)

(M+H)" calc. for: 346.1893, found: 346.1863.

Table 1; entry 5: 'H NMR (CDCl;) 6 5.87 (bd, J = 7.0Hz, 1H), 5.81-5.73 (m, 2H), 4.95-4.87 (m, 1H), 4.46-
1H), 2.71 ( 2.28-

4.36 (m in), 3.59 (dt, J = 13.4Hz, 7.3Hz, 2H), 3.41-3.37 (m, 1H), 3.38- 3.29 (m, 1H), 2.71-2.62 (m, 1H),
1 AL [ nrr\ 1 2L 1 YL F(—— NII\N N OA (¢ T— 7217, 211 ITDAAQ /TN /A IV =l £, N0 IND1
L l I \Hl ll'l), 1.940 (5, Y1), 1.20~1.20 {11, 411), U.7% (L, J — /.0I14, OI1). TIRVID (1) (iviT1l CadiC. 10I. L0JD.LVULY,

found: 283.2036.

2]
"

Table i; entry 6: 'H NMR (CDCl;3) 6 5.90 (bd, J = 6.5Hz, iH), 5.81-5.70 (m, 2H), 4.97-4.87 (m, 2H), 4.15-

ANE fuoee TEIY 2 AA s TIIN D71 D £V L0 TN DI DT D 17 (- TNV 1 AT (o QLN 1 11 /73 T £ 0T 1 10V T —

S.U0 011, 1I1), 2. 99 {011, 113}, <./ 1-2. 02 \Ill, 1N}, &.£7-2.17 U1l, II1), 1.947 {5, 7K1}, 1.11 (U, v.unzj, 1.1v Q, J

6.0Hz). HRMS (EI) (M+H)' calc. for: 269.1865, found: 269.1857

Table 1; entry 7: 'H NMR (CDCl3) & 7.32-7.17 (m, 5H), 5.77 (bd, J = 6.4Hz, 1H), 5.64-5.57 (m, 2H), 4.89-

ARl fen TN A2 A 1D (v THN 2785 /e ATIN 241 /v 1T 2022 Q1 (e 1IN 2882747 (v 1HIN 1 O2_.1 RN

.01 \lll, lll}, T.LOTF. 1L \J.I.lf, 111], d. 1 J \D, Jll.], JSTE \lll, lll}, e TOTLL T 1 \,lll, 111}, Lo ITLSTTH \lll, 111}, 1.7L71.0VU

(m, 1H), 1.44 (s, 9H). HRMS (EI) (M+H)" calc. for: 388.1998, found: 388.2014.

A543, /s D J ASntaV AN 7 ’

oL, $, o @ AT ANTAMAD OV N S TN T AT fn KIN £ 78 £ E£O fn 1IN S LA EE7 (o 11TV A £0 £ LN

1apie 1; entry o: 1 NMK (LDUI3) 0 /.54-7.21 (I, d1), 3./3-2.067 (M, 1n), 5.04-3.50/ (M, 1), 4.60 {8, 2r1),

4.38-4.28 (m, 1H), 3.32 (m, 1H), 3.07-2.96 (m, 1H), 2.36-2.16 (m, 2H), 2.03-1.91 (m, 1H), 1.81-1.16 (m, 5H),

1.42-1.11 (m, 9H). HRMS (EI) (M+H)" calc. for: 311.2249, found: 311.2241

LN 8, cde M3, LT NITAMAD /O N S T AN T 1L fe SLIY 0 &™) (o TN & £46 & 80 feen 11N A £7 FADA
1apie 1; Iry 7. 0 NiVik (LCi3) O /.41-/.10 (L, onj, J./7-0./4 (i, 111, J2.00-5.57 i, 1101), 4.0/ (A0,
JAD=1& 17 Auvan =127 Y9 AW AV&(m TN 225 (m THY 22275 (m 1THN\ 2242 13 (m THY 108/(d 7

JIALD 1.9, LAVAD LA 7y 201 ), F.JUTT.LU \1ily 1X1J, J.J0 \ill, 111fy L.ULTL.i o/ \1hly 111Jy LWLl d \Udly 13R]y L4V My U

+

= 6.4Hz, 3H), 1.02 (d, J= 6.4Hz, 3H). HRMS (EI) (M+H)" calc. for: 243.1623, found: 243.1625.

oL 1, a0 LITATMD 7TYCT N S T A T AT Lo NI § 01 _§ Q& fia 1IN & T4 & L0 f1a 1IN A 71 /o DI
14DI€ 1§ €nl LUD 1 INIVIKK (LLJUL3) O 740747 \IIl, 1VULL}, J.71-0.00 (I}, 111}, J./70-0.UF (1, 111}, .71 >, &11)

4.44 (dd. J= 12.0Hz. J=3.7Hz 1H). 4.33-4.26 (m, 1H), 3.49 (m, 1H), 2.99-2 88 (m, 1H), 2.67-2.59 (m, 1H)
. LU, v LA VLRiy v J. XLy 1XLJy TFoIdITTLY \d81y 11k )y ST \RAy 1d1)y L. 707400 A1, Js \ai3s 7

HRMS (EI) (M+H)" calc. for: 277.1467, found: 277.1455

Preparation of Resin (5): To a suspension of resin 1 in T"F at RT was added #-butyloxycarbonyl-2,4-
P S, £ et PNV, TR DUy FRpIy M-SV 4o SERIPORY. S Y\ and Adiicanranviazadicarkhavolate (2
dinitrobenzenesulfonamid {2 €quiv. )., u1pucuy1puu>p1uuc \ cqu iv .J, aifa aGusopropyrazoGiCaioosy:dail (J
..... A ftor chaling for 1’711 the resin is filtered and washed with THF . dichloromethane, methanol and dried
bLlLuV } After Dllal\luE, IVE 1L Lily AW Lwolld 19 L LR e s 5

to give 10. TLoading was calculated by treating an aliquot of the resin with excess n-butylamine in
dichloromethane at RT. Filtration followed by evaporation gave the corresponding aniline 11 as a bright yellow
solid (assumes quantitative conversion). To a suspension of resin 10 in dichloromethane at RT is added
trifluoroacetic acid (equal part). After 12 h, the resin was filtered, washed with dichloromethane, methanol and

dried to give 5.

Preparation of Resin (13): To a suspension of resin 10 in dichloromethane at RT was added n-butylamine (10
equiv.). After stirring for 2h, the resin was filtered and washed with dichloromethane, THF, methanol and dried



to give 12. The resin was then re-suspended in dichloromethane at RT and trifluoroacetic acid (equal part) was
added. After 12 h, the resin was filtered, washed with a 1% solution of triethylamine in dichloromethane,
dichloromethane, methanol and dried to give 13.

Representative experimental for the solid phase synthesis of (14): To a suspension of resin 13 in 1:1
dichloromethane-methanol was added racemic +-Boc-allyl glycine (5 equiv.), benzylisonitrile, (5 cqmv.) and an
aldehyde (5 equiv.). The mixture was shaken at RT for 48h at which time the resin was filtered, washed with
dichloomethane, THF, methanol and dried. The resin was then suspended in degassed 1,2-dichloroethane,
(Cy;P)»C,Ru=CHPh (0.1 M in 12—d1chloroethane) (5 mol% based on 80% conversion)’’ added, and the
mixture was heated at 80°C for 16h. Cooling, filtration through silica gel and solvent evaporation gave the

desired lactam.

Table 2; entry 1: (mixture of diastereomers) 'H NMR (CDCl3) 8 7.37-7.17 (m, 5H), 6.28 (bs, 2H), 5.84-5.75
{(m, 2H), 5.73-5.64 (m, 1H), 5.62-5.55 (m, i), 5.04-4.86 (m, 2H), 4.61-4.46 (m, 4H), 4.35-4.13 (m, 6H), 4.08-
T4 (m DHNY 270120 (m THY 27408 (v 1IN D A4 17 (m AN DI NT_1 £ (m LY 1 A7 (he O 1 4K
ST \Llly LA ]y J.FASI.0U \UlEy, 10X, L./ T JG Ukl ML S, L T4 L, X1 ), 4.V 771,05 U, UKy, 1.7 (U5, JL1), 1.990
(bs, 9H), 1.00 (d, J = 6.5 Hz, 3H), 0.99 (d, J = 6.5Hz, 3H), 0.89 (d, J = 7.0Hz, 3H), 0.85 (d, J = 7.0Hz, 3H). m/z
434.4 (M+NH,)", 100%; 416.6 M+H)" 65%.

Tahle 2; entry 2: (mixture of diastereomers) 'H NMR (CDCl3) 8 7.42-7.08 (m, 20H), 6.31-6.17 (m, 2H), 5.84-
5.53 (ms 6H), 5.18-5.04 (m, 4H), 5.06-4.95 (m, 2H), 4.86-4.77 (m, 2H), 4.55-4.34 (m, 2H), 4.29-4.10 (m, 2H),
4.04-3.94 (m, 2H), 3.74-3.56 (m, 2H) 2.78-2.51 (m, 4H), 2.44-2.23 (m, 2H), 2.10-1.88 (m, 2H), 1.48 (bs, 9H),

1.47 (bs, 9H) m/z 495.6 (M+NHy)", 100%; 477.4 (M+H)" 65%.

Table 2; entry 3: (mixture of diastereomers) 'H NMR (CDCl3) 8 7.43-7.23 (m, 20H), 6.28 (bs, 1H), 6.11 (bs,
1H), 5.87-5.64 (m, 4H), 5.60-5.53 (m, 1H), 5.30-5.22 (m, 1H), 5.08-4.93 (m, 2H), 4.59-4.44 (m, 6H), 4.38-4.25
(m, 1H), 4.00-3.90 (m, 1H), 3.68-3.57 (m, 2H), 2.76-2.61 (m, 2H), 2.32-2.12 (m, 2H), 1.48 (bs, 9H), 1.47 (bs,
9H). m/z 467.8 (M+NH,)", 100%; 449.6 (M+H)" 55%.

Preparation of Compound (18): The procedure for the synthesis of 14 was used. Following the ring closing
metathesis step, the product was treated with a 1:1 solution of dichloromethane-trifluoroacetic acid for 16h.
Compound 18 was obtained as a mixture of diastereomers after solvent evaporation and trituration from ether.
MS (electrospray): (mixture of diastereomers) m/z 368.2 (M+NH,)" 100%
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