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Experimental
General = Infrared sPectra were recorded on a Perkiri\ Elmer | >1-6,QOI. FTIR
_ SpectrophOtometer calibratedv usmg polystyrene ’ f1lm : Tandem gel perrneation

chromatography/hght scatterrng (GPC/LS) was performed on a SSI Accuﬂow Series TIT quurd

| chromatograph pump equlpped wrth a Wyatt DAWN DSP lrght scattermg detector and Wyatt

Optrlab DSP. Separatlons were effected by 105,& and 103A Phenomenex Su columns usmg" '
0. lM LiBr in DMF eluent at 60 °C. Optrcal rotatrons were measured ona J asco Model P1020'
Polarrmeter using a 1 mL volume cell (1 dm length) NMR spectra were measured on Bruker
‘ ‘AVANCE 200MHz and Varlan Gemini 200MHz spectrometers C, H N elemental analyses
. were performed by the Mrcroanalytrcal Facﬂrty of the Umversrty of Cahfomla Santa Barbara
lBrology Department. Chemrcals were. obtamed from commercral supphers and used without
purification unless.othermse stated. .Hexanes, THEF, CsDg, and THF‘-,d8 -w_ere purified by‘ first

~ purging with dry nitrogen, followed by passage through columns of activated 'al-umin:a'.1

'5'1_"
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Benzyl-L- glutamate NCA (L-Glu, NCA [oc]D23 (THF c=0. 025) = -10 4) and y—benzyl—

D -glutamate NCA (D Glu NCA, [och23 (THF c=0. 025) = +10. 3) were: prepared accordmg to‘ '

2 ngands 1 and »2 were purchased from Aldrich Chemrcal Co and used'

. literature procedures.
without further purification Synthes1s of imine lrgands 3 4, 6 and -7 was accomplrshed by
_condensation of the correspondmg amine and aldehyde components The general procedure for
synthesis of p'yridinyl-oxazoline ligands 5°and 8-13 invol-ves the 'reaction of a 2-cyanopyridine_
~and correspondmg amino alcohol v1a a‘pyridinyl armdate (Scheme 1) Ligands 5 and S-l3a'{
were synthesrzed from a commercrally avarlable 2 cyanopyrldrne A sample procedure is grven'ﬁ
below for the synthesis of ligand (S)-8._. Denvatives of 2-cyanopynd1ne, the bullding blocks for
the synthesis of ligands l3b.-13e; \vere-prepared from"the' ‘corresponding alkyl pyridine‘ N-
oxide‘s.s_ Results of polymerization of 'L-"Glui NCA vvith various ‘new nickel' in‘itiat_ors_ aref |
- summarized in Table 1. ' | | | | | |
(4S) 4- Isopropyl-(Z-pyrldlnyl) 2 oxazolme, (S) 8 | ’-'2-Cy'anopyridine (1.4- gf '-13 i ;
mmol) ‘was added toa solution of sodium methoxrde (70 mg, l 3 mmol) in methanol (12 mL)
under nitrogen. The nli)rture was stirred overmght at roo’m temperature and then acetic acid (13
" mmol) was added dropwrse T-he mixture Was'. stirred for :tvvo hours and the methanol Was
removed under vacuum D1strllat10n of the resrdue under: reduced pressure afforded the pyridinyl
varmdate asa colorless oil (1. 6 g, 89% yield) IR(neat)' 1650 cm (vC=.NH vs).
| The pyridmyl amidate (0 10 g, 0.80 mmol) was mixed wrth (S)—valrnol (O 083 g, 0. 80
mmol) in dry methylene chlorlde (2 mL) under mtrogen Concentrated HCl (0. 01 mL) was
_ ‘added at room temperature The rmxture was then reﬂuxed at 60 °C for 12 hours CHCl3 (5 mL). g

: _bwas then added, followed by water (5 mL) The water layer was extracted w1th CHC13 (3 x 2

’ 'mL) and the organrc layers were combined and dried with MgSO4 After removal of the solvent o
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~ under reduced pressure the lrght yellow resrdue was purified by a srlrca gel flash column w1th |
ethyl acetate petroleum ether (1 l) as eluent (Rf = O 5) (S) 8 was’ obtarned as whrte crystals :
after removal of the solvent under vacuum (1 10,mg, 72_% y1e1d)._ IR(CHC13)Z 1644 cm’ (vC=N .
' Vs) 'H NMR (CDCl3, see. Frgure 1 for assrgnments) 6 8. 71 (m 1H, Ha) 8. 07 (m 1H Hd) 7. 78_ ' "
(m, 1H, Hc) 739 (m 1H, Hb) 4.52 (m, lH Hc) 419 (m 2H H. andHf) 1.91 (m lH Hg) 1.01 -
, 3H Hy),0.95 (d 3H Hh) Anal. Calcd. for C11H14N20 69 45%C 7.42%H, 14 73%N found:
' 69.03%C, 7. 56%H 14 65%N [oc]D23 (THF c= 0043)— 78 |
4, 4 Dlmethyl (2-pyr1d1nyl)-2 oxazolme, 5 The same procedure used to synthesrze (S)-
8 was followed by-rusrng 2—lannno-2-_methyl—l-propanol’and 2-cyanopyr1d1ne as startrng‘ maten_als-» o
(82% yield). IR(CPlClg):' 1644 | em” (VC=N, vs)’. ‘ 'lH NMR (CDCl, lsee Fighle 1 ro_r_
assrgnments) 3 8.63 (d 1H H) 794 (d, 1H, Hd) 769 (t 1H H) 731(t 1H, Hb) 4.13 (s, H ;) |
1.34 (s, 6H, Hf) Anal Calcd for C10H12N20 68. 16%C 6.86%H, 15 90%N found 68 21%C,
6.84%H, 15.85%N. | L
(4R)-4-Isopropyl-(Z;pyrrdlnyl) 2-oxazolme, (R)-8 The same procedure used 'to
' synthesrze (S) 8 was followed by usrng (R)—Vahnol and 2 cyanopyndme as startmg mater1als'
(66% yield). ]R(CHC13) 1644 cm’! (vC=N ‘vs) ’ 1H NMR (CDC13, see Frgure 1 for
assrgnments) 6 8.71 (m lH Ha) 8.07 (m, 1H, Hy), 778 (m 1H, Hc) 739 (m 1H, Hb) 4.52 (m,
1H, Hy), 4.19 (m, 2H,-He and Hp, 191 (_m, 1H, Hy), 1.01 .(d, 3H,_Hhv), 0.95_(d, 3H, Hh). [oc]D23
(THF, ¢=0.060) = +78. L | | R
(4S 5R)-4 5-Indanyl-(2-pyr1d1nyl) 2-oxaz0hne, 9 > VTheusame' procedure used to
synthesrze (S)- 8 was followed by usmg (IS 2R) -cis-1-amino- 2 1ndanol and 2- cyanopyndme as

startmg materials (69% yreld) IR(CHCl3) 1634 cm (vC—N vs) H NMR (CDC13, see Frgure :

' 1 for assrgnments) 5 869 (m IH Ha) 804 (m lH Hd) 7.70 (m 1H, Hc) 7.58 (m lH Hb)
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7.30 (m, 4H; Hyy), 581 (d, 1H,"Hf), 5.59 (i, 1H, Hy), 3.50 @ 2H, Hy. Anal. .Calcd.’ for
| CysHNO: 7’6.2'5%‘(:; 5.12%H, 11.8.6-%N;5_f’our1‘d:'75;‘800./'0’C‘,: 5.48%H, 11.9.9.%N. [op™ (chrg; :
c_0039)=—157 . - | - o
4S, SR) 4 5-D1phenyl-(2-pyr1dmyl) 2-oxazolme, 10 The same procedure used to
synthesize (S)-8 was: followed - by usrng (lR ZS) 2- amlnol 2 dlphenylethanol -and 2-]"
L cyanopyrrdme as startmg materrals (50% yield). IR(CHClg) 1644 cm’? (vC—N Vs) 1H NMR-’ ‘, l -
(CDCls, see Frgure 1 for ass1gnments) 6 8 61 (m, lH Ha) 8. 07 (m 1H Hd) 7.62 (m 1H, Hc) |
.‘7.22 (m, 1H, Hy), 6.82 (m, 10H,‘ H, and Hp), 5.94 (d, 18, Hf)-, 5.66 (d, lH, He). Arral.v Calcd. for
. C20H16N20:'79.98%‘C', 5.37%H, 9.32%N; found: 79.90%C, 5.38%H, 9.33%N. o™ (CHCL, ¢
f =0020)=-15). o - o |
(4S SS) 4 Hydroxymethyl S-phenyl (2-pyr1d1nyl) -2- oxazolme, 1(1’ A YT‘he samev
-procedure used to synthesize (S) 8 was. followed by usmg (1S 25) -2-amino-1- phenyl 1 3- |
propanedml and 2- cyanopyndrne as stamng matenals (78% yreld IR(CHC13) 1643 cm (vC—N
~. vs) 1H NMR (CDCl3, see Frgure 1 for a531gnments) 6 s. 67 (d lH Ha) 7 96 (d 1H, Hy), 7 73’
' (m 1H, H,), 7.38 (m, 6H, Hbanng) 571 (d 1H Hl) 435 (dd 1H Hc) 419(m 1H, Hp), 383,
v(dd 2H, Hh) Anal Calcd for C15H14N202 70. 85%C 5.55%H, 1102%N found: 69. 65%C
| 5.43%H, 10.63%N. [oc]D23 (CHCls, ¢ = 0025) +21.
(4S) 4- Phenyl (2-pyr1dmyl) 2-oxazolme, 12 The same procedure used to synthesrzei
(S)-8 was followed by usmg (S)—2 phenyl glycrnol and 2 cyanopyndme as startmg matenals’ ‘
(88% yreld) IR(CHCl3) 1646 cm’ (vC—N Vs) 1H NMR (CDCl3, see Frgure 1 for assrgnments)
88.69 (d, 1H Ha) 8.12 @ lH Hy), 775(m lH Ho), 738 (m, 1H, Hb) 7.35 (s, 5H, Hy), 5.42 @ -

. (ABX), 1H, Ho), 4.86 (dd (ABX) 1H Hf) 434 (dd (ABX) 1H He) Anal. Caled. for ’_

s4
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14leN20 74. 98%C 5 39%H, 12. 49%N found 74 60%C 549%H 12 67%N [oc]D24 (THF c
= O 025) L | l |
* (4S)- 4-tert-Butyl (2-pyr1dmyl) -2- oxazollne, 13a B “The same : or.ocedure.used -to

S}lnlhes1ze S)- 8 was followed by usmg (S) tert—leucmol and 2 cyanopyrldme as, stanmg ’

* materials (64% y1eld) ]R(CHC13) 1650 crn’! (VC—N Vs) 1H NMR (CDCl3, see Flgure l for__ :
‘ass1gnments) 8 872 (m, lH H) 8. 10 (m, 1H Hd) 779 (m IH HY, 7. 39 (m lH Hb) 4.47 (dd
(ABX), 1H, He) 433 (dd (ABX), 1H, Hf) 4. 13 (dd (ABX) 1H, He) 098 (s 9H Hg) 13C NMR
(CDCl3) d 163. 5 150. 8 148 1, 137 6 -126.5, 125 l 71, 6 704 35 0, 27 1. Anal Calcd for

'~ C12H16N20 70. 56%C 7. 90%H 13 T1%N; found 71 25%C 7 86%H 13 48%N [Ot]D23 (THF c .
=0.023) = 70, » B | |

(4S)-4-tert-Butyl (2- (6 methyl)-pyrldmyl) 2 oxazollne, 13b The same procedure used
to synthesize (S)-8 was followed by usmg (S) tert—leucmol and - 2-cyano 6—methylpyr1d1ne as -
| starting matenals (66% y1eld) IR(CHC13) 1650 cmv’ (vC—N vs) 1H NMR (CDC13, see Flgure 1
for as31gnments) 57. 95 (d, 1H, Hd), 7 65 (dd 1H Hc) 7 27 (d lH Hb) 4.47 (dd (ABX), 1H |
He), 4.35 (dd (ABX) 1H, Hf) 4.11 (dd (ABX) 1H He) 264 (s, 3H Ha) 0.97 (s, 9H Hg) Anal‘"
Calcd. for C13H18N20: 7_;1.53%(2, 8.31%H, 12.83%N; fouu_d: 70.85%»C, 8.56%H, 12.63%N.‘
Todp® (CHCL, ¢ =0036) =7 o S R
(4S)-4-tert-Butyl -(2- (6-ethyl)-pyr1dmyl)-2 oxazolme, 13c The same procedure used to

| synthes1ze (S) 8 was followed by usmg (S)- tert—leucmol and 2- -cyano- 6 ethylpyndme as startmg»

materials (79% y1eld) IR(CHC13) 1650 cm (vC—N vs) 1H NMR (CDCl3, see Flgure 1 for

aSSIgnments) 8790 (d 14, He) 7.61 (dd 1H Hd) 721 (d 1H, Hc) 440 (dd (ABX) lH Hy),

4.26 (dd (ABX), lH Hg), 4 04 (dd (ABX) lH Hf) 2 87 (q, 2H Hp), 1.23 (t 3H H ) 0.91 (s
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 OH, Hy). Anal. Caled, for C14H2_0N§Oi -72.348%@; 8.68%H, 12.06%N; found: 71.76%'c_,‘ 8.93%H,
12.28%N. = o , - | 4'
(4S)- 4-tert-Butyl-(2 (6-phenyl)-pyr1d1nyl) 2 oxazolme, 13d The same procedure used -
- to synthesrze (S)-8 was’ followed by usrng (S)- tert—leucmol and 2- cyano 6-phenylpyr1d1ne ‘as.
: startrng materrals (85% yreld) ]R(CHC13) 1650 cm’ (VC=N vs) 'H NMR (CDCl3, see Frgure. '
| 1 for assrgnments) 6 8 07 (m 3H Hb, H, and Hd) 7 80 (m 2H, Ha) 7 43 (m 3H, Ha) 4 48 (dd"
- (ABX) 1H, H), 4.34.(dd. (ABX) 1H, Hf) 4 13 (dd (ABX), lH He) 099 (s 9H, Hg) Anal |
Calcd. for C18H20N201 77.1 1%C, 7.19%H,— 9.99%N.; found: '77.29%C, 7.29%H, 10.00%N. {o]p> |
.’ (CHCl3, ¢ = 0. 008) =- | | | | |
(4S) 4-tert-Butyl (2 (3-methyl) pyrldlnyl) 2-oxazollne, 13e The same procedure used '
to synthesrze (S)-8 was followed by usmg (S) tert—leucmol and 2- cyano 3 methylpyrrdrne as -
stamng materials (67% yreld) [R(CHC13) 1650 cm’ (vC—N Vs) 'H NMR (CDC13, see Frgure
| 1 for assignments)' 8 8.57 (d, lH Ha) 7.57 (d 1H, Hc) 7.26 (m lH Hb) 4.40v_(dd (ABX), lH, .
’H:) 4 19 (dd (ABX) 2H H, and Hf) 2:63. (s 3H, Hd) 0. 98 (s 9H Hg) Anal. Calcd. "for o o
C13H;sN;0: 71.53%C, 831%H 12.83%N; found 71, 80%C 8.45%H, 12 57%N. [oc]D23 (CHC13, ,‘
©=0018) =7 '
| Sample procedure for kmetlc studles ' (S) Slwas rmxed in a equrmolar ratro with
N1(COD)2 in THF in a dry box The resultrng blue solution of (S) 8N1(COD) (0 019 M) was -
aged for 8-12 h at 23 °C An al1quot of 1n1t1ator solutron (O 25 ml) was added to a well StlI‘I'Cd 4
* solution of L-Glu NCA,(25 mg, 0.10 mmol) rn THF (l.25 'm_l): The resultmg red solutron was |
stirred for 2 min, and-.the'n divided into 6 edual por‘tionsl(O..ZS ‘mL) and'-"each‘ injecte:d‘into an
ampule. "The' ampules were ‘sealed with greese.and )the_ri_ plhc':ed in a _therrnostat_ed barh. Theﬁ.

 intensity of the NCA infrared stretching absorption at 1790 cm™ was measured at various time

$6




J
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intervals'by injecting an- aliquot of polymerization solutlon into a Wllmad; O.l. mrn NaCl _cell.' o
The polymerization rate constant was »ob_tained by plottrng ‘the log of the.l\lCA <concentratlon :
Versus time and fitting the dat_a using _standard rate Yexpres'sions"; T |
Polymerization of Glu-NCA with sNi'(con)‘ om the dry box, Glu NCA (50 m'g.,. 0.2 |
; rnmol) was dissolved in THF (O 5 mL) and placed 1n a25 mL react1on tube whrch could be_
sealed with a Teﬂon stopcock An al1quot of 5N1(COD) (100uL of ao. 019 M solutron in THF) N
~ was then added via syringe to the flask A strrbar Was added and the flask was sealed, removed
from the dry box, and stirred at room temperature for 24 h. Polymer was 1solated by addrtlon of B
.' »the reaction mixture to methanol contarnmg HCl (1 mM) causmg precrpltatron of the polymer o
The polymer was then d1s_Solved 1n,- THFV and vrepr_ecrprtated, by, addrtlon to methanol.‘. The_‘
polymer was dried irt .vac.uo to give a white solid,'PB'LG (41 .mg,ll0.0%.yield). i3C {IH} NMR, |
| 'H NMR, 0ptical rotation, and FTIR spectra of this material were identi.cal'to';data “foun'd for
authentic sarhples -of PBLG.7 A GPC_, of the polymer 'in'O.l'M, LiBr in DlVlF at 60 F’C:» ‘M, =
.'80,100-M‘./M=105 R L
Polymerlzatlon of Racemlc Glu ‘NCA w1th 133N1(COD) ‘and Measurement of
Specific Rotation of the Resultmg Polypeptldes | In the dry box racermc Glu NCA (100
‘mg, O 40 mmol) was- dissolved in THF (1 mL) and placed ina?25 mL reaction tube whrch could
j be sealed wrth a Teflon stopcock An ahquot of 13aN1(COD) (200 uL of a0 019 M solutron in
THF) was then added via synnge to the ﬂask A strrbar was added and the ﬂask was sealed
‘removed from the dry box, and stirred at 35 °C for a prescrrbed trme per1od The polymerrzatlon p
time required to y1eld a desrred monomer conversron was deterrmned by kmetrc analysrs of the

racemic polymerization-. Polymer was 1solated by addrtron_ of the reaction mixture to methanol |

containing HCI (1 mM) causing precipitation ot" the polymer. The polymer was then dissolved in
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. THF and repremprtated by addltlon to rnethanol The reprempltatron was repeated twice for
thorough removal of any resrdual chrral lrgand 13a from the polymer The polymer was drred m.'
'vacuo at room temperature for lO hours and then werghed to deterrmne the yreld and percent
'conversron A sample of polymer (usually 5 10 mg) wa‘s drssolved in- 2 mL Drchloroacetrc acrd
:(DCA) The optlcal rotation of the resulting’ polymer solutlon was then measured at 25 °C. Ten ‘
measurements were taken for each, sample where’ the standard deviation was typically w1th1n +

v O-OOl° The speciﬁc rotation was then ca'lculated ‘frorn the average of the observed optical ,
rotations. The specrfrc rotatrons of pure PBLG and PBDG (—16 8 and + 16 8 respectrvely) were.
also measured under the same condltrons The percent enantromerlc excess (%ee) of ant1pode in
a stereocopolymer'\yascalculated by diy1d1ng the specrfrc rotation of ‘the' copolymer, miﬂtiplied

" by 100,. by the 'specific ro'tation of either PBLG or PBDG. V . .4 ‘
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MV Initiator - Yield (%) ’Expectéd Mn (kDa) Observed Mn (kDa) Mw/Mn

50 SNi(COD) 100 . - 1n o490 115

100 5Ni(COD) = 100 - ° 219 326 . LI
50 © 13aNiCOD) - 91 - - -7 104 1280
100 13aNi(COD)-. . 91 . 199 So197 128

Table 1 Polymerization of L-Glu NCA usmg nickel initiators. All polymenzatrons were -
run in DMF at 20 °C M] = 1n1t1al monomer concentratlon [I] initiator concentration.

811




