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ABSTRACT: Bulky aryl isocyanide monomers possesgargbutyl groups at the ortho position and chiral ester

or amide groups at the para position were prepared and polymerized by arylrhodium complex to give
polyisocyanides with narrow polydispersity indexes in good yields. The large specific rotation and the intense
Cotton effect at 347 nm suggest that the resulting polymers maintained predominantly one-handed helical
conformation in solution. The chiroptical properties were increased with an increase in the polymerization degree
and were fixed in the region of the polymerization degree more than 70. A positive nonlinear relationship was
observed between the optical purity of the chiral monomer and the helical sense selectivity of the resulting polymers.
The helical sense selectivity depends on the structure of the chiral ester groups such as the length of the alkyl
chain and the position of the chiral carbon center.

Introduction of aryl isocyanides having chiral alkoxycarbonyl pendants to
Much attention has been given to the control of higher order give polymers that maintain predominantly a one-handed helical
structures of polymers for the development of new functional structure'® We have recently shown that the well-defined
materialst the goal being the precise synthesis of helical ary]rhodlum gomplex. effectlw_aly initiates the. living polymeri-
polymers imitating the elegant structure of biomacromolecules Z&tion of arylisocyanides having bulky substituents at the ortho
such as DNA and proteirfsAlthough a considerable number posl_t|on.14 Since the conformational stablllty of the helical main
of studies have been conducted over the past few decades, th&hain should be affected by the steric factor of the pendants,
number of artificial polymers that maintain helical conformation nelical poly(arylisocyanide)s with bulky substituents at the ortho
in solution is still limited3 Poly(triarylmethyl methacrylate), ~ POSition seem to be attractive. We present herein the synthesis
polyisocyanaté, polyacetylené, and polysilané can be cited ~ @nd precise polymerization of aryl isocyanides wiight-butyl
as representative examples of such artificial helical polymers. 9roups at the ortho position and chiral ester or amide groups at
Polyisocyanide can adopt a stablehélical conformation in the para position and the helical sense selectivity of the resulting
solution when it has bulky pendar#talthough the conformation ~ Polymers.
of polyisocyanides possessing less bulky pendants has remaine
a matter of controversy in experimental and theoretical stidies,
it has been found that polyisocyanides having appropriate chiral For the synthesis of chiral monomers, we followed the
side groups keep predominantly one-handed helical strucfires. synthetic approach to achiral monomers starting froter2-
Recently, Yashima et al. reported the induction of helicity in butylaniline (L) reported previously (Scheme #p. However,
optically inactive poly(aryl isocyanide)s by external chiral simple application to the synthesis of chiral monomers presented
stimuli through acie-base interactioft several problems because an alcohol has to be used as solvent
We have been studying poly(aryl isocyanide)s prepared by in the alkoxycarbonylation of iodobenzene derivati2e (When
living polymerization using a PdPt u-ethynediyl complex as  solvents other than alcohol were used, the yield of the resulting
an initiator!2 This system could be applied to the polymerization ester was dramatically decreased. Therefore, we improved the

g?esults and Discussion

Scheme 1. Synthesis of Isocyanide Monomers Possessing Chiral Ester Groups
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Table 1. Physical Data of Aryl Isocyanides Having Chiral Ester

Groups
monomer OR’ yield (9)°  [al?® 0130
(S)-6a \OJ\/\/\/ 75 +32 +101
(R)-6a \-_f\/\/\/ ¢ 34 ~107
(S)-6b \o/k/\/\ 66 +34 +102
(S)-6¢ \OJ\/ 80 24 +63
(5)-6d SO 56 +5 +14
(R)-6e SO 65 +7 +20
(S)-6f SO 80 +6 +18
Me
(IR 2S,5R)-6g 70 -56 -192
\O\' i
Pr/
Me
(IS,2R 5R)-6h O 60 +23 +79
\O P
Pr!
Me
(1S,28,5R)-6i 63 +144 +484
~o™Y
Pr/
Me_ _Me
(5)-6j 70 -29 -100
O
Me

(1S,28,38,5R)-6k 71 +37 +125

Me Me
“Grme
~o
a From N-[2-tert-butyl-4-carboxylphenyllformamidéd in two steps®? c
0.7, CHC}. ¢ Directly prepared fron2 using excessR)-2-octanol.9 ¢ 0.7,
CH.Cl,.

synthetic route to chiral monomers by using benzoic acid
derivative @), which was converted into the corresponding ester
by reacting with an equimolar amount or a slight excess of chiral
alcohol. Methyl ester3), which was prepared by methoxycar-
bonylation of2, was easily hydrolyzed under basic conditions
to give4 in good yield. Although we attempted the esterification
with chiral secalcohol using conventional methods such as the
reaction via acid chloride and the direct condensation using
DCC, no desired product but complex mixtures that would be
generated by the reaction at the NH group were obtained.
Because the esterification of 4-formamidobenzoic acid pro-
ceeded smoothly, the reactivity of the NH group of formamide
was likely changed by the steric effect of the neighbotierg
butyl group. We examined several esterification reactions and
found that the reaction using-toluenesulfonyl chloride and
N-methylimidazole was the most effective for the synthesis of
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Scheme 2. Polymerization of Bulky Aryl Isocyanide Having
Chiral Ester Groups
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chiral ester derivative$].1> For example, the reaction dfwith
p-toluenesulfonyl chloride and-methylimidazole followed by
the addition of §)-2-octanol produceflain 81% yield. Finally,
5 was converted into corresponding chiral isocyanide monomers
(6) by a conventional method. The chiroptical data of chiral
isocyanide monomer8 are summarized in Table 1.

The reaction of §-6a with arylrhodium complex?) ((S-
6a/7 = 100/1) in the presence of PPiPPR/7 = 40/1) in THF
at 20°C resulted in the complete consumption §f-6ato give
poly(9-6a00 with M, = 43 600 andM/M, = 1.40 in 96%
isolated yield (Scheme 2). Whereas the specific rotatidp [
of (9-6a was +32, that of poly§)-6a00 Was fo]p = —178,
suggesting that chirality other than that on the pendants was
generated. In the circular dichroic (CD) spectrum of p8ly(
6ay00, a strong Cotton effect was observed in the 2800 nm
region, whereas the CD spectrum &-6a was silent in the
same region (Figure 1). The Cotton effect around 350 nm is
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Figure 1. CD and UV~vis spectra of poly§)-6a;00 and polyR)-6au00
in CHCI; at room temperature.

Table 2. Polymerization of Aryl Isocyanides 6a Having Various Optical Puritieg

entry ©-6a(n) (R-6a(m) polymer MpP Muw/Mp? [o]p2%® Aezaf
1 100 0 poly©)-6a00 43 600 1.40 -178 -17.2
2 75 25 poly©)-6ars(R)-6aes 36 400 1.41 -162 -11.7
3 60 40 poly§)-6aso(R)-62a40 34700 1.40 —-90 -6.9
4 50 50 poly§)-6aso(R)-6260 43 700 1.20 5 0.7
5 40 60 poly6)-6as(R)-6a60 35300 1.33 96 6.4
6 25 75 poly@)-6aps(R)-6ars 36 000 1.38 164 10.8
7 0 100 polyR)-6a100 40 500 1.39 180 17.3

aConditions: [Rhj =5 mM at 20°C in THF. P Determined by GPC using polystyrene standatd<.1, CHC}. ¢ Measured in CHGlat room temperatur
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Figure 2. Plot of specific rotationM) and molar circular dichroism
(O) of poly(9-6an(R)-6an as a function of optical purity of monomer
6a
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(1R, 2S,5R)-menthyl (18,2R,5S)-menthyl
due to the mrz* transition of imino groups, which is charac-
teristic of helical poly(aryl isocyanidefs:3 These results clearly
demonstrated that pol$-6a;00 maintained predominantly the
one-handed helical conformation. Although the CD spectrum
of poly(9-6aunois slightly different from that of analogous poly-
(aryl isocyanide) with naert-butyl groups at the ortho position
of the aromatic ring, the negative sign of the Cotton effect at
347 nm may indicate that polg)(-6aiqo prefers the left-handed
helical conformatiort3f Poly(R)-6a100 (M, = 40 500 andM,,/
M, = 1.39) prepared by a similar method froR){6a ([o]]p =
—34) showeddi]p = +180, and its CD spectrum was the mirror
image of that of polyH)-6ai0s suggesting that poliR)-6aioo
maintained an opposite helical sense to pBhgauoo.

Recently, we found that poly(aryl isocyanide)s synthesized
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Figure 3. Plot of specific rotation (squares) and molar circular
dichroism (circles) of poly®- and polyR)-6a, as a function of
molecular weight.

selectivity due to the low tacticity of the imino main chafn.
However, heating of the solution led to an increase in the helical
sense selectivity together with the isomerization of the imino
group, producing high tacticity. Thus, we measured the CD
spectra of poly$)-6a;00 after cooling at—40 °C in chloroform

for 18 h or heating under reflux in THF or dichloroethane for
18 h. However, no significant change was observed in the CD
spectra, suggesting that the helical main chain of 8486100
was stable in solution. This is consistent with the observation
of the sharp imino-carbon signal in tHé&C NMR spectrum,
suggesting that polgj-6a100 had high tacticity.

To examine the effect of the optical purity of the monomer
on the helical sense selectivity of the resulting polymer, we
prepared the polymers from mixtures d§{ and R)-6a at
several ratios while keeping the mononTeréatio at 100. As
summarized in Table 2, no significant differences in the
molecular weight distribution were found even when monomer
6a, having low optical purity, was used, suggesting that the
helical sense was not under kinetic conf®%l.The specific
rotation and theAess7 values of the resulting polymers were

with a Ni catalyst at room temperature had low helical sense plotted against the optical purity 6& (Figure 2). In both cases,

Table 3. Polymerization of Aryl Isocyanides Having §)- and (R)-Octyloxycarbonyl Groups?®

entry monomer n polymer My Muw/Mp? [0]p2* [¢]p2™ Aezaf
1 (9-6a 10 poly(S)-6aio 5300 1.19 —70 —221 -11.3
2 (9-6a 20 poly(S)-6azo 8300 1.26 -97 —306 -12.9
3 (9-6a 30 poly(S)-6aso 10 500 1.27 -116 —367 -14.3
4 (9-6a 50 poly(©-6aso 18 100 1.26 —-156 —492 -14.9
5 (9-6a 70 poly(S)-6ay 26100 1.30 -166 —524 -17.2
6 (9-6a 100 poly©)-6aod 43 600 1.40 -178 —562 -17.2
7 (9-6a 150 poly®)-6ays# 67 100 1.13 —189 —596 —19.0
8 (9-6a 200 polyS)-6agod 114 000 1.11 194 612 -19.4
9 (R)-6a 10 polyR)-6as0 5200 1.18 63 199 10.3
10 R)-6a 20 polyR)-6ag0 8400 1.17 99 312 13.7
11 (R)-6a 30 poly®)-6az0 10 400 1.25 129 407 15.6
12 R)-6a 50 polyR)-62o 18 800 1.23 152 479 15.4
13 R)-6a 70 polyR)-6ar 25 200 1.26 166 524 16.6
14 (R)-6a 100 polyR)-6a10d 40 500 1.39 180 568 17.3
15 R)-6a 150 polyR)-6a5 64 300 1.11 186 587 18.4
16 R)-6a 200 polyR)-6az0 110 000 1.11 191 603 19.1

aConditions: [Rh} = 5 mM, [Rh]/[PPh] = 10, THF, and 2C0C. ? Determined by GPC using polystyrene standafas0.1, CHC}. ¢ On the basis of
the molecular mass da. ¢ Measured in CHGlat room temperaturé [Rh]/[PPhs] = 40. 9 [Rh]/[PPh] = 400.
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Table 4. Polymerization of Aryl Isocyanides Having Various Chiral Ester Group$

Helical Sense Selective Polymerizatioi227

entry monomer n polymer MpP Mw/MpP [o]p2%® [¢]p2d A€zsf
1 (9-6b 20 poly(©S)-6bzo 6000 1.24 —98 —295 -12.8
2 (S-6b 30 poly(9)-6bso 8000 1.28 -128 —385 -14.0
3 (9-6b 50 poly(©-6bso 13 600 1.26 —145 —437 -15.4
4 (9-6b 70 poly(S)-6bzd 19 600 1.26 -173 —520 -17.3
5 (9-6b 100 poly©)-6byod 30900 1.39 —180 —543 —-17.9
6 (S-6b 140 polyE)-6by4d 55 300 1.18 -186 —561 -17.1
7 (9-6b 170 polyS)-6by7d 71 600 1.52 -192 578 —-20.5
8 (S-6¢ 20 poly(©S)-6c0 6400 1.25 -93 —241 -8.2
9 (S-6¢ 30 poly(9)-6czo 8400 1.25 -117 -303 -9.9
10 (9-6¢ 50 poly(S)-6cso 11 800 1.26 -125 —-323 -10.8
11 (9-6¢ 70 poly(S)-6crd 19 100 1.21 —145 —-377 -12.2
12 9-6¢ 100 poly©)-6¢ciod 26 100 1.27 -161 —417 -11.9
13 9-6¢ 150 poly©)-6cisd 45 200 1.26 -175 —453 ~13.6
14 (9-6¢ 170 poly©)-6¢i7¢ 62 400 1.31 177 —459 -13.6
15 9-6d 20 poly(S)-6dzo 5700 1.30 -19 -51 —2.4
16 9-6d 30 poly(9)-6dso 7600 1.30 -25 —69 -3.1
17 (9-6d 50 poly(©)-6dso 13300 1.24 -33 —-03 -3.7
18 ©9-6d 70 poly(S)-6dz 18 700 1.23 —-37 -100 —4.1
19 ©9-6d 90 poly(S)-6dgg 26 300 1.23 —43 -119 —4.4
20 9-6d 110 poly©)-6d1d 30 500 1.15 —44 -119 —4.1
21 (9-6e 20 poly(S)-6ex 5600 1.29 —27 77 —-4.9
22 9-6e 30 poly(S)-6eso 7000 1.35 -38 -110 5.2
23 9-6e 50 poly(9)-6eso 13 000 1.24 -58 —166 -6.9
24 (9-6e 70 poly(S)-6erd 18 400 1.29 —66 -191 -75
25 ©9-6f 50 poly(S)-6fso 14 500 1.30 +4.9 +15 +0.03
25 (9-6f 100 poly©)-6f1od 34200 1.23 +5.3 +16 +0.07
26 (9-6f 150 poly©)-6f1sd 51 000 1.28 +5.1 +15 +0.03

aConditions: [Rh} = 5 mM, [Rh]/[PPh] = 10, THF, 20°C. ® Determined by GPC using polystyrene standaf@s0.1, CHCh. 9 On the basis of the

molecular mass ofa. © Measured in CHGlat room temperaturé [Rh]/[PPh] = 40.9 [Rh]/[PPh] = 400.

Table 5. Polymerization of Aryl Isocyanides Having Chiral Ester Groups Derived from Menthol Derivative$

entry monomer n polymer MpP Muw/MpP [o]p2%® [¢]p2™ Aezaf
1 (9-6h 20 poly(©)-6hao 4500 1.27 -71 —242 -12.5
2 (9-6h 30 poly(©)-6hzo 6300 1.20 94 —-320 -14.4
3 (9-6h 50 poly(S)-6hso 11200 1.35 —-122 —417 -15.9
4 (9-6h 70 poly©-6hyd 16 100 1.44 —144 —499 ~17.4
5 (9-6h 100 poly©)-6hyod 24900 1.50 -153 523 -18.1
6 (9-6i 20 poly(S)-6izo 5000 1.19 -85 —289 -10.7
7 (9-6i 30 poly(S)-6iso 6700 1.12 -107 —-366 -12.4
8 (9-6i 50 poly(S)-6iso 11 000 1.25 h h -15.1
9 (9-6i 70 poly(S)-6izq 17 000 1.24 h h -155

aConditions: [Rh} = 5 mM, [Rh]/[PPh] = 10, THF, and 2C0C. ? Determined by GPC using polystyrene standafas0.1, CHC}. ¢ On the basis of
the molecular mass @a. ¢ Measured in CHGlat room temperaturé. [Rh]/[PPhs] = 40. 9 ¢ 0.05, CHCl,. " Not measured due to low solubilityin CH,Cls.

a positive nonlinear relationship was observed. A similar polymers were examined. The results are summarized in Table

phenomenon was observed for poly(aryl isocyanide) ([8aly-

4+. Poly(§-6b100 having ©-heptyloxycarbonyl pendants showed

that has no ortho substituents on the aromatic rings (Cha#¢1). similar helical sense selectivity to pof§)¢6aso0, Whereas the
Since the present polymerization initiated by the arylrhodium helical sense selectivity of polg(-6¢ioo possessingSj-butoxy-

complex has a living naturé, polyisocyanides with various

carbonyl groups was slightly lower than that of p&)y6aioo

molecular weights were prepared by controlling the feed ratio Since these polymers showed negaiig,; values, their helical
of (§- and R)-6a/7 (Table 3). The relationship between the sense was the same. In pdy/6b, and poly§-6c,, the effect
Aesq7 value as well as the specific rotation and the molecular of molecular weight on the helical sense selectivity was similar

weight of poly6a, is shown in Figure 3. Théezq; value was

to that observed for polga,. Poly(S)-6d, and poly§-6e, with

increased with an increase of the molecular weight, reaching achiral pendants, the stereogenic carbons of which were located

constant value au, > 30 000 (polymerization degre, >

at 8- andy-positions relative to the ester oxygen, respectively,

70). A similar phenomenon was observed for poly(aryl isocya- showed small but significates47 values, suggesting that these
nide) (poly8a,) having no ortho substituents on the aromatic polymers maintained the one-handed helical structure with slight
rings, the end parts of the main chain of which were sufficiently low selectivity. This observation sharply contrasted that of
flexible to exhibit a nonhelical structure whereas the inner part analogous polyisocyanides possessing ortho-unsubstituted aro-

of the main chain retained a stable helical conformatfn.

matic rings as the pendants did not form the one-handed helical

However, the lower limit of the polymerization degree that gave structure at alt3¢Little effect of molecular weight on the helical

a constantAe value for polyéa, is larger than that for poly-

sense selectivity was observed in p&y6d, and poly§)-6e,.

8a,. The difference may be due to the fact that bulky metal On the other hand, no significant Cotton effect around at 347
moieties M(PEJ).Cl (M = Pd and Pt) are attached to both ends nm was observed for pol$[-6f, having chiral pendants, the

of poly-8a, although the pendants of poBa, are bulkier that

those of poly8a,.

Then, the polymerization of several chiral monomers with
was performed, and the chiroptical properties of the resulting (1S2R,5R)-6h and (1S2S5R)-6i possessing ®,2S5R)-iso-

stereogenic carbons of which were located at dhgosition
relative to the ester oxygen, suggesting no formation of the one-
handed helical structure. The polymerization of monomers

Ccbv
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Scheme 3. Synthesis of Isocyanide Monomers Possessing Chiral
Amide Groups

C
1) TsCl, Armethylimidazole _ , NHCHO  POCly N
4 __MeCN Bu Pri,NH Bu©
2) R*NHy CHyCly
CONHR* g CONHR*

9 10

Ph
(R)-10a: NHR* = HN-,
'H Me

[l =-8.0
Et
e

Me

(S)-10b: NHR*

[o]3 = +21

menthyl and (R,2S5R)-neomenthyl ester pendants, respectively,
proceeded smoothly to produce polyisocyanides with narrow
polydispersity indexes in good yields (Table 5). However, the
reaction of (R,2S5R)-6g that had a (R,2S5R)-menthyl ester
group gave polymers with broad polydispersity indexes (ap-
proximately 2.7). To our surprise, the molecular weight of poly-
(1R,2S5R)-6g, was changed in THF solution even after isolation
by precipitation with methanol. Although this phenomenon may
indicate that the reaction of polyRI2S 5R)-6g, takes place, the

Macromolecules, Vol. 39, No. 21, 2006

Scheme 4. Polymerization of Bulky Aryl Isocyanide Having
Chiral Amide Groups

c o A
N _Rh 7 C Ar
¢ N i
Bu PPhy N
n - .
PPh3, THF, 20 °C But
CONHR* .
10 CONHR n
Pri poly10,

Ar=
Pr/

Prf

Table 6. Polymerization of Aryl Isocyanides Having Chiral Amide
Groups?

entry monomer n polymer M Mw/MP [a]p?® Aessf

1 (R-10a 20 polyR)-10a,, 5200 1.12 —-52 4.23
(R-10a 30 polyR)-10a 6500 1.16 —41 4.68
3  (R-10a 50 polyR-10a 10800 1.27 —26 5.85

aConditions: [Rh} = 5 mM, [Rh])/[PPR] = 200, THF, and 2C°C.
b Determined by GPC using polystyrene standafas0.1, CHC. 9 Mea-
sured in CHCJ at room temperature.

Comparison with analogous poly(aryl isocyanide)s having no
tert-butyl groups at the ortho position suggested thatténre
butyl groups at the ortho position enhance the selectivity of one-

details are unclear at present. The helical sense selectivity of,,5n4ed helical conformation. The results reported herein may

poly(1S2R,5R)-6hipp was as high as that of pol§6asoo
whereas that of poly@ 2S,5R)-6i100 was slightly lower. Taking
into account the structural difference betweers 2R,5R)-
isomenthyl and ($2S5R)-neomenthyl groups, the stereochem-
istry of the isopropyl group at thg-position should prefer a

helical sense opposite to that due to the stereochemistry at theat

o- andy-positions in poly(5,2S5R)-6i,. Isocyanide monomers
(9-6j and (15,25 3S5R)-6k having chiral bicyclic pendants also
polymerized with7. However, the solubility of the resulting
polymers was too low to allow examination of their properties.
Furthermore, we investigated the polymerization of monomer
(10) possessing chiral amide groups. Monorh@was prepared
by a similar route from4 via an amide analogued) of 5
(Scheme 3). WhenR)-10a was treated with7 ((R)-10a7 =
50/1) in the presence of PR(PPR/7 = 10/1) in THF at 20
°C, approximately 45% ofR)-10awas consumed in 2 h, but
no further polymerization proceeded on additional stirring for
45 h and a low molecular weight polymer, pdR{10a, (M, =
5900 andM,/M,, = 1.26), was isolated in 16% yield (Scheme
4). Because increasing the ratio of BRb 7 enhances the
polymerization rate and the stability of the active species in

be useful for the precise synthesis of helical polyisocyanides.
Further studies are in progress.

Experimental Section

All reactions using metal complexes were carried out under argon
mosphere, whereas the organic reactions for the preparation of
the monomers as well as the workup were performed inlglir.
13C, and®P NMR spectra were measured on JEOL JNM-LA400
and Bruker ARX400 spectrometers using CBPGIs solvent.
Chemical shifts were based on SiMas the internal standard for
1H and!3C NMR, and 85% HPO, as the external standard f&P
NMR. IR spectra were recorded on a Perkin-Elmer system 2000
FT-IR. Elemental analyses were performed by the Material Analysis
Center, ISIR, Osaka University. Molecular weight was measured
with a Shimadzu LC-6AD liquid chromatograph equipped with
Shimadzu GPC-805, -804, and -8025 columns. THF was used as
an eluent at a flow rate of 1.0 mL/min. The average molecular
weights M, andM,,) were determined using polystyrene standards.
THF and diethyl ether used for the reactions were distilled over
benzophenone ketyl under argon immediately before use. All other
chemicals available commercially were used without further
purification. Rhodium initiatoi7 and 2tert-butyl-4-iodoaniline2

this system, the reaction was performed by using a large excesgvere prepared according to methods reported previddsly.

of PPk (PPh/7 = 200/1)!*" Consequently, R)-10a was
completely consumedi3 h togive poly®)-10aso with M, =

10 800 andM/M,, = 1.27. As shown in Table 6, polRf-10a0
and polyR)-10as0 were successfully prepared under similar
conditions. However, unreacteB)¢10aremained in the reac-
tions of R)-10&7 ratio > 50/1, and high molecular weight
polymers polyR)-10a, (n > 50) could not be prepared. The
reaction of R)-10b with 7 produced insoluble polymers poly-
(9-10b, even at R)-10b/7 ratio > 50/1, and the low solubility
might be due to the hydrogen bonding among the amide
pendants. The CD spectrum of pdR{10aso was similar to that
poly(R)-6a100, but the intensity was lower, suggesting the
formation of helical conformation with low selectivity. As
observed in the ester analogues, theso values of the low
molecular weight polymers were slightly small.

Syntheses ofN-[2-tert-Butyl-4-methoxycarbonylphenyljfor-
mamide (3). A benzene solution (3.5 mL) dR-(2-tert-butyl-4-
iodophenyl)formamide (2.09 g, 6.90 mmol) and Pd(OABIL mg,

0.14 mmol) was placed in stainless steel autoclave (100 mL)
equipped with a stirring bar, and methanol (1.40 mL, 34.5 mmol)
and triethylamine (1.73 mL, 12.42 mmol) were added. Then, the
reactor was purged with CO gas several times and pressured with
CO to 5 atm. The autoclave was heated at 40Qvith stirring for

19 h. After cooling, excess gases were vented carefully, and the
resulting reaction mixture was concentrated under reduced pressure.
The residue was purified by alumina column chromatography with
dichloromethane. Recrystallization from toluene-hexane gave a
white solid (1.02 g, 63%). IR (cnt, KBr): 1719, 1656 %c—o). H
NMR: 6 8.53 (s, 0.3H, NHEIO), 8.50 (s, 0.7H, NHEO), 8.08
(d,J=9.4 Hz, 0.7H, Ar), 8.00 (dJ = 9.4 Hz, 0.3H, Ar), 7.89

7.85 (m, 1.3H, Ar), 7.69 (br, 0.7H, NCHO), 7.53 (br, 0.3H,
NHCHO), 7.15 (dJ = 8.1 Hz, 0.7H, Ar), 3.70 (s, 2.1H, OGH

In conclusion, we have shown the helical sense selective 3 g8 (s, 0.9H, OCH), 1.44 (s, 2.7H{-Bu), 1.42 (s, 6.3H1-Bu).

polymerization of bulky aryl isocyanide monomers possessing
tert-butyl groups at the ortho position and chiral ester or amide
groups at the para position by using the arylrhodium complex.

Syntheses oN-[2-tert-Butyl-4-carboxylphenyl]formamide (4).
To a solution ofN-[2-tert-butyl-4-methoxycarbonylphenyllforma-
mide 3 (8.33 g, 65.4 mmol) in acetonitrile (280 mL) was add&%v
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10% K,COs; aqueous solution, and the reaction mixture was stirred 0.97 (t,J = 7.4 Hz, 3H, CHCHj3). 13C NMR: 6 173.0 (CG=0),
at 90°C for 2 h. After concentration under reduced pressure, water 165.1 (G=EN), 146.0 (C of Ar), 131.7 (C of Ar), 130.3 (CH of Ar),
was added to the residue and the aqueous phase was washed with28.8 (C of Ar), 128.6 (CH of Ar), 128.3 (CH of Ar), 73.7 (OCH),

diethyl ether. Slow additionfo4 N HCI to the aqueous solution

35.4 (C oft-Bu), 29.3 (CH of t-Bu), 29.2 (CH), 19.8 (CHCH3),

gave a white precipitate, which was collected and washed with 10.0 (CHCHS3). Anal. Calcd for GeH1NO,: C, 74.10; H, 8.16;
water. The resulting solid was dissolved in methanol, and the solventN, 5.40. Found: C, 74.16; H, 8.20; N, 5.38.
was evaporated under reduced pressure. Drying in vacuo gave a 2-tert-Butyl-4-[(S)-2-methyl-1-butoxycarboxyl]phenyl Isocya-

white solid (6.54 g, 84%). IR (cni, KBr): 3600-2400 (o-n),
1700 rc=0). *H NMR (DMSO-dg): ¢ 9.46 (s, 1H, NHEIO), 8.35
(s, 0.6H, Ar), 8.22 (dJ = 10.2 Hz, 0.4H, NMHCHO), 7.98 (s, 0.4H,
Ar), 7.76 (d,J = 8.2 Hz, 1H, Ar), 7.56 (dJ = 8.2 Hz, 1H, Ar),
7.24 (d,J = 8.3 Hz, 0.6H, NHCHO), 1.37 (s, 5.4Ht-Bu), 1.32 (s,
3.6H, t-Bu).

Syntheses of Zert-Butyl-4-[(S)-2-octyloxycarboxyl]phenyl
Isocyanide ()-6a). An acetonitrile solution (27 mL) oR-[2-tert-
butyl-4-carboxylphenyl[formamidet! (6.00 g, 27.1 mmol) was

nide ((9)-6d). IR (cm™, neat): 2117 #c=n), 1723 ¢c—0). H
NMR: & 8.13 (d,J = 1.9 Hz, 1H, Ar), 7.89 (ddJ = 1.9, 8.1 Hz,
1H, Ar), 7.44 (d,J = 8.1 Hz, 1H, Ar), 4.24-4.12 (m, 2H, OCH),
1.91-1.83 (m, 1H, CH), 1.53 (s, 9H:Bu), 1.55-1.48 (m, 1H,
CH,CHj3), 1.36-1.24 (m, 1H, G¢1,CHj3), 1.01 (d,J = 6.8 Hz, 3H,
CHCHj3), 0.96 (t,J = 7.3 Hz, 3H, CHCH3). 13C NMR: ¢ 172.4
(C=0), 165.4 (G=N), 145.9 (C of Ar), 131.0 (C of Ar), 130.1
(CH of Ar), 128.6 (C of Ar), 128.4 (CH of Ar), 128.0 (CH of Ar),
70.0 (OCH), 35.2 (C oft-Bu), 34.3 (CH), 29.1 (CHlof t-Bu),

cooled over ice-bath, and 1-methylimidazole (5.9 mL, 74 mmol) 26.2 (CH), 16.6 (CH), 11.3 (CH). Anal. Calcd for GH23sNO::
and p-toluenesulfonyl chloride (5.64 g, 29.6 mmol) were added. C, 74.69; H, 8.48; N, 5.12. Found: C, 74.43; H, 8.54; N, 4.84.
After the reaction was stirred at the same temperature for 30 min,  2-tert-Butyl-4-[( R)-3-methyl-1-pentyloxycarboxyl]phenyl Iso-
(9-2-octanol (3.9 mL, 25 mmol) was added and the reaction cyanide (R)-6e).IR (cm™, neat): 2117 c=), 1724 c=0). *H
mixture was warmed to reflux for 45 h. The solvent was removed NMR: ¢ 8.12 (d,J = 1.9 Hz, 1H, Ar), 7.87 (ddJ = 1.9, 8.2 Hz,
under reduced pressure, and the residue was extracted with diethylLlH, Ar), 7.44 (d,J = 8.2 Hz, 1H, Ar), 4.46-4.32 (m, 2H, OCH),
ether. The organic layer was dried over anhydrous sodium sulfate 1.86-1.79 (m, 1H, CH), 1.621.55 (m, 2H, OCHCH,), 1.52 (s,
and the solvent was removed again. The residue was purified by 9H, t-Bu), 1.45-1.37 (m, 1H, CH@,CHjz), 1.30-1.19 (m, 1H,

silica gel column chromatography with ethyl acetate/hexarig2
to give a yellow oil (6.64 g, 81%) ofN-[2-tert-butyl-44(9-2-
octyloxycarbonyl phenyllformamide%a). This compound was used
for the following reaction without further purification.

To a dichloromethane solution of-[2-tert-butyl-44(9)-2-
octyloxycarbonyj phenyl]formamidesa (2.00 g, 6.00 mmol) and

CHCH,CHz), 0.96 (d,J = 6.1 Hz, 3H, CH®3), 0.91 (t,J = 7.6
Hz, 3H, CHCHjs). 13C NMR: ¢ 171.6 (G=0), 164.2 (G=N), 144.8
(C of Ar), 130.0 (C of Ar), 129.0 (CH of Ar), 127.5 (C of Ar),
127.3 (CH of Ar), 127.0 (CH of Ar), 63.0 (OCH 34.1 (C oft-Bu
and CH), 30.6 (CH), 28.4 (Ch), 28.1 (CH of t-Bu), 18.1 (CH),
10.3 (CH). Anal. Calcd for GgHsNO,: C, 75.22; H, 8.77; N,

diisopropylamine (2.5 mL, 18 mmol) was slowly added phosphorus 4.87. Found: C, 75.40; H, 8.94; N, 4.93.

oxychloride (0.9 mL, 9 mmol) at 0C. The reaction mixture was

2-tert-Butyl-4-[( S)-4-methyl-1-hexyloxycarboxyl]phenyl Iso-

allowed to warm to room temperature, and stirred for 1 h. After cyanide (§)-6f). IR (cm™, neat): 2117 #c=n), 1723 c=0). H

dropwise addition of 10% N&O; aqueous solution, the organic

NMR: ¢ 8.12 (d,J = 1.7 Hz, 1H, Ar), 7.88 (ddJ = 1.7, 8.2 Hz,

layer was separated and the aqueous layer was extracted withiH, Ar), 7.43 (d,J = 8.2 Hz, 1H, Ar), 4.31 (tJ = 6.8 Hz, 2H,
dichloromethane. The combined organic layer was dried over OCH,), 1.82-1.68 (m, 2H, OCHCH,), 1.52 (s, 9H{-Bu), 1.49-
anhydrous sodium sulfate and the solvent was evaporated. Thel.31 (m, 2H, CH and C}), 1.28-1.15 (m, 3H, CH and C}),
residue was purified by column chromatography on alumina with 0.90-0.86 (m, 6H, CH). 3C NMR: § 172.3 (G=0), 165.0 (G

dichloromethane/hexare 1/6 gave yellow oil (1.73 g, 92%). IR
(cm™, neat): 21164c=n), 1720 fc—o). '"H NMR: 6 8.11 (d,J =
1.7 Hz, 1H, Ar), 7.87 (ddJ = 1.7, 8.0 Hz, 1H, Ar), 7.43 (d) =
8.0 Hz, 1H, Ar), 5.18-5.10 (m, 1H, OCH), 1.741.59 (m, 2H,
CHCH,), 1.52 (s, 9H1-Bu), 1.46-1.25 (m, 11H, CHand CHGHy),
0.88 (t,J = 7.3 Hz, 3H, CHCHj3). 13C NMR: 6 172.6 (G=0),
164.3 (=N), 145.3 (C of Ar), 131.0 (C of Ar), 129.6 (CH of Ar),
128.1 (C of Ar), 127.9 (CH of Ar), 127.5 (CH of Ar), 71.9
(CO,CH), 35.6 (C oft-Bu), 34.7 (CH), 31.3 (CH), 28.7 (CH),
28.6 (CH of t-Bu), 25.0 (CH), 22.2 (CH), 19.6 (CH), 13.7 (CH).
Anal. Calcd for GgH2gNOo: C, 76.15; H, 9.27; N, 4.44. Found:
C, 75.87; H, 9.01; N, 4.52.

Other chiral isocyanide monomers were prepared by a similar

method using corresponding chiral alcohol insteadSpR(octanol.
Yields fromN-[2-tert-butyl-4-carboxylphenyl]formamidé (2 steps)
and optical data are given in Table 1.

2-tert-Butyl-4-[( S)-2-heptyloxycarboxyl]phenyl Isocyanide (§)-
6b). IR (cm™, neat): 2117%c=n), 1718 ¢'c=0). *H NMR: & 8.12
(d,J= 1.7 Hz, 1H, Ar), 7.88 (ddJ = 1.7, 8.1 Hz, 1H, Ar), 7.43
(d,J=8.1Hz, 1H, Ar), 5.18-5.10 (m, 1H, OCH), 1.781.68 (m,
1H, CH), 1.63-1.48 (m, 11Ht-Bu and CH®,), 1.45-1.25 (m,
9H, CH, and CH@H3), 0.88 (t,J = 6.6 Hz, 3H, CHCHjy). 13C
NMR: ¢ 172.7 (CG=0), 165.3 (&N), 146.2 (C of Ar), 131.7 (C
of Ar), 130.4 (CH of Ar), 128.8 (C of Ar), 128.7 (CH of Ar), 128.3
(CH of Ar), 72.8 (OCH), 36.3 (Ch), 35.5 (C oft-Bu), 32.0 (CH),
29.4 (CH of t-Bu), 25.4 (CH), 22.9 (CH), 20.3 (CH), 14.3 (CH).
Anal. Calcd for GgH,7/NO,: C, 75.71; H, 9.03; N, 4.65. Found:
C, 75.53; H, 9.09; N, 4.49.

2-tert-Butyl-4-[( S)-2-butoxycarboxyl]phenyl Isocyanide (§)-
6¢).IR (cm™%, neat): 21181c=y), 1713 pc—0). *H NMR: 6 8.12
(d,J= 1.7 Hz, 1H, Ar), 7.88 (ddJ = 1.7, 8.1 Hz, 1H, Ar), 7.43
(d,J = 8.1 Hz, 1H, Ar), 5.13-5.05 (m, 1H, CH), 1.781.64 (m,
2H, CH,), 1.52 (s, 9Ht-Bu), 1.34 (d,J = 6.3 Hz, 3H, CH®5),

N), 145.5 (C of Ar), 130.7 (C of Ar), 129.8 (CH of Ar), 128.3 (C
of Ar), 128.0 (CH of Ar), 127.7 (CH of Ar), 65.5 (OCHl 34.8 (C
of t-Bu), 33.8 (CH), 32.4 (Ch), 29.0 (CH), 28.8 (CH of t-Bu),
25.9 (CH), 18.8 (CH), 11.0(CH). Anal. Calcd for GgH27NO,:
C, 75.71; H, 9.03; N, 4.65. Found: C, 75.73; H, 8.98; N, 4.47.
2-tert-Butyl-4-[(1R,2S,5R)-menthyloxycarboxyl]pheny! Iso-
cyanide ((1R,2S,5R)-69). IR (cm™1, neat): 2116#c=n), 1723 ¢c—
o)- 'H NMR: ¢ 8.09 (s, 1H, Ar), 7.84 (dd) = 1.5, 8.1 Hz, 1H,
Ar), 7.38 (d,J = 8.1 Hz, 1H, Ar), 4.88 (dtJ = 11.0, 4.4 Hz, 1H,
OCH), 2.08-2.05 (m, 1H, CH), 1.961.83 (m, 1H, CH), 1.69
1.66 (m, 2H, CH), 1.54-1.47 (m, 11H,t-Bu and CH), 1.13-
1.01 (m, 2H, CH), 0.92-0.84 (m, 1H, CH), 0.88 (dJ = 6.3 Hz,
3H, CHg), 0.87 (d,J = 6.8 Hz, 3H, CH), 0.75 (d,J = 6.8 Hz, 3H,
CHa). 13C NMR: 6 172.2 (G=0), 164.5 (G=N), 145.5 (C of Ar),
131.0(C of Ar), 130.0 (CH of Ar), 129.8 (CH of Ar), 128.1 (C of
Ar), 127.7 (CH of Ar), 75.1 (CGCH), 46.9 (CH), 40.6 (Ch), 34.9
(C of t-Bu), 34.0 (CH), 31.1 (CH), 28.8 (CHlof t-Bu), 26.4 (CH),
23.5 (CH), 21.8 (CH), 20.4 (CH), 16.4 (CH). Anal. Calcd for
Cy,H3iNO,: C, 77.38; H, 9.15; N, 4.10. Found: C, 77.10; H, 9.05;
N, 4.13.
2-tert-Butyl-4-[(1S,2R,5R)-isomenthyloxycarboxyl]pheny! Iso-
cyanide ((1S,2R,5R)-6h). IR (cm™2, neat): 2117#c=n), 1718
0)- 'H NMR: ¢ 8.14 (d,J = 1.7 Hz, 1H, Ar), 7.88 (ddJ = 1.7,
8.2 Hz, 1H, Ar), 7.43 (dJ = 8.2 Hz, 1H, Ar), 5.32-5.28 (m, 1H,
OCH), 1.98-1.90 (m, 1H, CH), 1.851.65 (m, 2H, CH), 1.55
1.45 (m, 14Ht-Bu and CH), 1.00-0.96 (m, 6H, CH), 0.88 (d,J
= 6.8 Hz, 3H, CH). 13C NMR: ¢ 172.2 (G=0), 163.4 (G=N),
144.7 (C of Ar), 130.5 (C of Ar), 129.0 (CH of Ar), 127.5 (C of
Ar), 127.4 (CH of Ar), 126.9 (CH of Ar), 71.8 (OCH), 44.7 (CH),
34.7 (CH), 34.0 (C oft-Bu), 28.9 (CH), 28.0 (CH of t-Bu), 26.7
(CH), 25.5 (CH), 20.4 (Ch), 19.8 (CH), 19.7 (CHy), 18.4 (CH).
Anal. Calcd for Go,H3:NO,: C, 77.36; H, 9.17; N, 4.10. Found:
C, 77.21; H, 9.32; N, 4.05.
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2-tert-Butyl-4-[(1S,2S,5R)-neomenthyloxycarboxyl]phenyl Iso-
cyanide ((1S,2S,5R)-6i). IR (cm™%, neat): 2117c=n), 1718 fc—
0)- "H NMR: ¢ 8.15 (d,J = 1.7 Hz, 1H, Ar), 7.87 (ddJ = 1.7,
8.1 Hz, 1H, Ar), 7.43 (dJ = 8.1 Hz, 1H, Ar), 5.44 (br, 1H, OCH),
2.11-2.04 (m, 1H, CH), 1.881.78 (m, 1H, CH), 1.721.58 (m,
1H, CH), 1.571.42 (m, 11H}-Bu and CH), 1.20-1.08 (m, 2H,
CH,), 1.05-0.95 (m, 1H, CH), 0.93-0.85 (m, 10H, CHand CH).
13C NMR: 6 172.8 (G=0), 165.0 (G=N), 146.3 (C of Ar), 131.8
(C of Ar), 130.5 (CH of Ar), 128.9 (C of Ar), 128.8 (CH of Ar),
128.3 (CH of Ar), 72.8 (OCH), 47.3 (CH), 39.5 (G}135.5 (C of
t-Bu), 35.2 (CH), 29.8 (CH), 29.4 (CHlof t-Bu), 27.2 (CH), 25.8
(CHy), 22.5 (CHy), 21.3 (CH), 21.2 (CH). Anal. Calcd for G,Has-
NO,: C, 77.36; H, 9.17; N, 4.10. Found: C, 77.24; H, 9.01; N,
3.98.

2-tert-Butyl-4-[( S)-bornyloxycarboxyl]phenyl Isocyanide ((S)-
6)). IR (cm™1, neat): 21214c=n), 1719 fc=0). 'H NMR: 6 8.15
(d,J= 2.0 Hz, 1H, Ar), 7.89 (ddJ = 2.0, 8.2 Hz, 1H, Ar), 7.44
(d,J=8.2 Hz, 1H, Ar), 5.13-5.07 (m, 1H, OCH), 2.562.45 (m,
1H, CH), 2.16-2.04 (m, 1H, CH), 1.84-1.79 (m, 1H, CH), 1.76—
1.74 (m, 1H, CH), 1.49 (s, 9Ht-Bu), 1.46-1.39 (m, 1H, CH),
1.34-1.27 (m, 1H, CH), 1.13-1.09 (m, 1H, CH), 0.97 (s, 3H,
CHa), 0.92 (s, 3H, CH), 0.91 (s, 3H, CH). 3C NMR: 6 172.9
(C=0), 165.8 (&=N), 146.2 (C of Ar), 131.9 (C of Ar), 130.5
(CH of Ar), 128.9 (C of Ar), 128.7 (CH of Ar), 128.3 (CH of Ar),
82.4 (OCH), 49.5 (C), 48.2C, 45.3 (CH), 37.2 (§H35.5 (C of
t-Bu), 29.4 (CH of t-Bu), 28.4 (CH), 27.7 (CH), 20.1 (CHy),
19.3 (CH), 14.0 (CHy). Anal. Calcd for GoHa90NO,: C, 77.84; H,
8.61; N, 4.13. Found: C, 77.65; H, 8.46; N, 4.07.

2-tert-Butyl-4-[(1S,2S,3S,5R)-isopinocampheyloxycarboxyl]-
phenyl Isocyanide ((15,2S,3S5R)-6k). IR (cm™, neat): 2116
N), 1718 ¢c—0). 'H NMR: 6 8.13 (d,J = 1.7 Hz, 1H, Ar), 7.90
(dd,J=1.7,8.1 Hz, 1H, Ar), 7.43 (d] = 8.1 Hz, 1H, Ar), 5.3+
5.26 (m, 1H, OCH), 2.722.67 (m, 1H, CH), 2.452.40 (m, 1H,
CH), 2.00-1.97 (m, 1H, CH), 1.9%1.88 (m, 1H, CH), 1.57 (s,
9H, t-Bu), 1.26 (s, 3H, CCh), 1.17-1.14 (m, 4H, CH and CHC}),
1.02 (s, 3H, CCH). 13C NMR: 0 172.2 (G=0), 164.9 (G=N),
145.5 (C of Ar), 131.0 (C of Ar), 129.8 (CH of Ar), 128.2 (C of
Ar), 128.1 (CH of Ar), 127.7 (CH of Ar), 75.0 (OCH), 47.2 (CH),
43.6 (CH), 40.9 (CH), 37.9Q(CHs),), 35.6 (CH), 34.8 (C oft-Bu),
33.1 (CH), 28.8 (CH of t-Bu), 27.1 (CH), 23.5 (CH), 20.3 (CH).
Anal. Calcd for GoHogNOo: C, 77.84; H, 8.61; N, 4.13. Found:
C, 77.86; H, 8.40; N, 3.99.

Typical Procedure of Polymerization.Rhodium complex (6.6
mg, 10umol) and triphenylphosphine (105 mg, 0.40 mmol) was
dissolved in THF (1.3 mL), and a THF solution (0.7 mL) §-6a
(315 mg, 1.0 mmol) was added. After being stirred at@or 2
h, the reaction mixture was poured into 50 mL of methanol. The

resulting precipitate was collected and washed with methanol to

give yellow-brown solid of poly)-6ai100 (302 mg, 96%). Physical
data of the representative polymers are as follows.

Poly(S)-6a100 IR (cm™%, KBr): 1721 (c=0). *H NMR: ¢ 8.4
(br, 1H, Ar), 8.09 (br, 1H, Ar), 7.55 (br, 1H, Ar), 5.08 (br, 1H,
OCH), 1.70 (br, 2H, Ch), 1.56 (br, 2H, CH), 1.25 (br, 9H, CH
of t-Bu), 0.83 (br, 3H, CH). 13C NMR: ¢ 165.5 (G=0), 160.1
(CH of Ar), 158.6 (G=N), 142.1 (C of Ar), 130.9 (CH of Ar),
127.4 (CH of Ar), 126.7 (C of Ar), 124.5 (C of Ar), 71.8 (GCH),
36.0 (CH), 35.6 (C oft-Bu), 31.6 (CH), 29.7 (CH of t-Bu), 29.1
(CHyp), 25.4 (CH), 22.6 (CH), 20.2 (CH), 14.0 (CH). Anal. Calcd
for [CooH20NO5]100 C, 76.15; H, 9.27; N, 4.44. Found: C, 76.35;
H, 9.29; N, 4.21.

Poly(S)-6bso. IR (cm™2, KBr): 1717 (rc=0). 'H NMR: 6 8.43
(br, 1H, Ar), 8.09 (br, 1H, Ar), 7.54 (br, 1H, Ar), 5.09 (br, 1H,
CH), 1.69-1.43 (br, 2H, CH), 1.43-1.10 (br, 18H, {-Bu, CH;
and CH), 0.84 (br, 3H, CH). 3C NMR: ¢ 165.5 (G=0), 160.1
(CH of Ar), 158.6 (G=N), 142.1 (C of Ar), 130.9 (CH of Ar),
127.3 (CH of Ar), 126.7 (C of Ar), 124.5 (C of Ar), 71.8 (CH),
36.0 (CH), 35.6 (C oft-Bu), 31.6 (CH), 30.0 (CH of t-Bu), 25.1
(CHy), 22.5 (CH), 20.2 (CH), 14.0 (CH). Anal. Calcd for [GoHo7-
NO;]so: C, 75.71; H, 9.03; N, 4.65. Found: C, 75.64; H, 9.09; N,
4.53.
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Poly(S)-6¢so. IR (Cmﬁl, KBr): 1719 @c=0), 1594 (c=n). H
NMR: ¢ 8.42 (br, 1H, Ar), 8.08 (br, 1H, Ar), 7.52 (br, 1H, Ar),
5.02 (br, 1H, CH), 1.34 (br, 2H, CHl 1.23 (br, 12H,t-Bu and
CHy), 0.92 (br, 3H, CH). 13C NMR: § 164.6 (G=0), 159.0 (CH
of Ar), 157.5 (G=N), 141.0 (C of Ar), 130.0 (CH of Ar), 126.2
(CH of Ar), 125.6 (C of Ar), 123.5 (C of Ar), 71.9 (CH), 34.5 (C
of t-Bu), 28.6 (CH of t-Bu), 27.9 (CH), 18.7 (CH), 8.7 (CH).
Anal. Calcd for [GeH2:NO;]so: C, 74.10; H, 8.16; N, 5.40.
Found: C, 74.35; H, 8.29; N, 5.22.

PO'y(S)-6d5Q. IR (Cmﬁl, KBI’): 1722 (I/Czo), 1594 Q/CzN). H
NMR: ¢ 8.46 (br, 1H, Ar), 8.11 (br, 1H, Ar), 7.55 (br, 1H, Ar),
4.18-4.06 (br, 2H, OCH), 1.80 (br, 1H, CH), 1.561.43 (br, 1H,
CHy), 1.35-1.10 (br, 10H, CHandt-Bu), 1.006-0.89 (br, 6H, CH).
13C NMR: ¢ 165.9 (G=0), 160.0 (CH of Ar), 158.3 (E&N), 142.2
(C of Ar), 131.0 (CH of Ar), 127.4 (CH of Ar), 126.4 (C of Ar),
124.3 (C of Ar), 69.5 (OCH), 35.6 (C oft-Bu), 34.4 (CH), 29.7
(CH; of t-Bu), 26.2 (CH), 16.5 (CH), 11.3 (CH). Anal. Calcd
for [C17H23NO,]s0: C, 74.69; H, 8.48; N, 5.12. Found: C, 74.00;
H, 8.48; N, 4.75.

Poly(R)-665. IR (cm™1, KBr): 1722 (rc—0), 1594 ¢c—n). H
NMR: ¢ 8.42 (br, 1H, Ar), 8.09 (br, 1H, Ar), 7.52 (br, 1H, Ar),
4.42-4.24 (br, 1H, OCH), 1.75 (br, 1H, CH), 1.561.51 (br, 2H,
CHy), 1.43-1.12 (br, 11H, CHandt-Bu), 0.91-0.84 (br, 6H, CH).
13C NMR: ¢ 166.0 (G=0), 159.9 (C of Ar), 158.4 (EN), 142.1
(C of Ar), 131.0 (CH of Ar), 127.4 (CH of Ar), 126.4 (C of Ar),
124.5 (C of Ar), 63.6 (OCHh), 35.6 (C oft-Bu), 35.3 (CH), 31.6
(CH), 29.7 (CH of t-Bu), 19.1 (CH), 11.3 (CH). Anal. Calcd for
[C13H25N02]so: C, 75.22; H, 8.77; N, 4.87. Found: C, 74.82; H,
8.50; N, 4.64.

PO'y(S)-6f50. IR (Cmﬁl, KBr): 1722 (l/c:o), 1595 Q/CzN). H
NMR: ¢ 8.40 (br, 1H, Ar), 8.09 (br, 1H, Ar), 7.52 (br, 1H, Ar),
4.27 (br, 2H, OCH), 1.70 (br, 2H, CH), 1.23 (br, 14H}-Bu, CH,
and CH), 0.83 (br, 6H, CkJ. 13C NMR: ¢ 166.0 (G=0), 160.0
(CH of Ar), 158.4(G=N), 142.1 (C of Ar), 131.0 (CH of Ar), 127.3
(CH of Ar), 126.3 (C of Ar), 124.5 (C of Ar), 65.4 (OCGH 35.6
(C of t-Bu), 34.1 (CH), 32.7 (Ch), 29.7 (CH of t-Bu), 29.3 (CH),
26.4 (CH), 19.1 (CH), 11.3(CH). Anal. Calcd for [GeH27NO7]s0:

C, 75.71; H, 9.03; N, 4.65. Found: C, 75.19; H, 9.01; N, 4.30.

Poly(1S,2R,5R)-6hso. IR (cm™%, KBr): 1718 (c=0), 1594 (=
n)- tH NMR: 6 8.48 (br, 1H, Ar), 8.12 (br, 1H, Ar), 7.54 (br, 1H,
Ar), 5.23 (br, 1H, OCH), 1.95 (br, 1H, CH), 1.79 (br, 1H, CH),
1.73-1.48 (br, 5H, CH, CHand CH), 1.48-1.04 (br, 10Ht-Bu
and CH), 1.04-0.70 (br, 12H, CH, CHand CHy). 13C NMR: &
164.1 (G=0), 158.7 (CH of Ar), 157.4 (&N), 141.1 (C of Ar),
129.8 (CH of Ar), 127.4 (CH of Ar), 125.7 (C of Ar), 123.3 (C of
Ar), 71.2 (OCH), 45.1 (CH), 34.8 (Chl 34.6 (C oft-Bu), 29.1
(CHy), 28.7 (CH), 28.5 (CHlof t-Bu), 26.8 (CH), 25.5 (Ch), 19.7
(CH3), 19.3 (CH;), 18.0 (CH;) Anal. Calcd for [Q2H31N02]5(): C,
77.38; H, 9.15; N, 4.10. Found: C, 75.92; H, 9.11; N, 3.73.

Poly(1S,2S,5R)-6iso. IR (cm?, KBr): 1719 ¢c—o), 1595 (e—

n)- tH NMR: 6 8.36 (br, 1H, Ar), 8.04 (br, 1H, Ar), 7.49 (br, 1H,
Ar), 5.24 (br, 1H, OCH), 1.91 (br, 1H, CH), 1.73 (br, 2H, @H
1.47-1.38 (br, 9H, CHor CH, or CH), 1.30-0.74 (br, 16H, CH
or CH, or CH). Anal. Calcd for [G;H31NO,]s0: C, 77.36; H, 9.17;
N, 4.10. Found: C, 77.01; H, 9.27; N, 3.93.

Poly(R)-8aso. IR (cm™1, KBr): 3317 (/n—p), 1645 (/c—0), 1593
(ve=n). H NMR: 6 8.07 (br, 1H, Ar), 7.72 (br, 1H, Ar), 7.60
7.15 (m, 6H, Ar), 6.25 (br, 1H, NH), 5.26 (br, 1H, CH), 142
1.13 (m, 12Ht-Bu and CH). 13C NMR: ¢ 166.6 (G=0), 160.5
(C=N), 157.3 (C of Ar), 143.0 (C of Ar), 132.1 (C of Ar), 131.0
(CH of Ar), 128.7 (C of Ar), 128.5 (CH of Ar), 127.4 (CH of Ar),
126.1 (CH of Ar), 124.7 (CH of Ar), 49.3 (NHCH), 35.5 (C of
t-Bu), 30.0 (CH of t-Bu), 22.1 (CH). Anal. Calcd for
CooH2oNLO: C, 78.40; H, 7.24; N, 9.14. Found: C, 77.71; H, 7.62;
N, 8.82.

Syntheses of Zert-Butyl-4-[( R)-1-phenylethylcarbamoyl]phe-
nyl Isocyanide (R)-10a). The title compound was prepared as
white solid by a similar method fda using R)-1-phenylethylamine
instead of §-2-octanol in 50% vyield (2 step). Mp: 12%. IR
(Cmﬁl, KBr): 3223 (VNfH), 2117 @CEN), 1634 ﬁ/c:o). IH NMR:
07.90 (d,J= 1.7 Hz, 1H, Ar), 7.51 (ddJ = 1.7, 8.1 Hz, 1H, Ar)

'‘CDV
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7.42-7.33 (m, 5H, Ar), 7.32-7.28 (m, 1H, Ar), 6.27 (br, 1H, NH),
5.36-5.28 (m, 1H, CH), 1.62 (dJ = 7.1 Hz, 3H, CH), 1.51 (s,
9H, t-Bu). 13C NMR: ¢ 171.6 (G=0), 166.3 (G=N), 146.2 (C of
Ar), 144.0 (C of Ar), 135.6 (C of Ar), 130.3 (CH of Ar), 129.0
(CH of Ar), 127.7 (CH of Ar), 127.6 (C of Ar), 127.2 (CH of Ar),
126.6 (CH of Ar), 126.1 (CH of Ar), 50.1 (NHCH), 35.5 (C of
t-Bu), 29.5 (CH of t-Bu), 22.3 (CH). Anal. Calcd for
CooH2oN-0: C, 78.40; H, 7.24; N, 9.14. Found: C, 78.44; H, 7.39;
N, 8.94.

Syntheses of Zert-Butyl-4-[( S)-1-methylbutylcarbamoyl]phe-
nyl Isocyanide (§)-10b. The title compound was prepared as white
solid by a similar method fofa using R)-1-methylbutylamine
instead of §-2-octanol in 58% yield (two steps). Mp: 10€. IR
(cm™1, KBr): 3301 @n-n), 2122 ¢c=n), 1634 (c—0). *H NMR:
07.89 (dJ=1.9 Hz, 1H, Ar), 7.52 (ddJ = 1.9, 8.1 Hz, 1H, Ar),
7.40 (d,J = 8.1 Hz, 1H, Ar), 6.01 (br, 1H, NH), 4.154.05 (m,
1H, CH), 1.64-1.55 (m, 2H, CH), 1.51 (s, 9Ht-Bu), 1.23 (d,J
= 6.6 Hz, 3H, CH®3), 0.96 (t,J = 7.3 Hz, 3H, CHCH,3). 13C
NMR: 6 169.3 (C=0), 163.9 (&=N), 143.4 (C of Ar), 133.6 (C
of Ar), 127.6 (CH of Ar), 124.8 (C of Ar), 124.5 (CH of Ar), 123.7
(CH of Ar), 45.5 (NHCH), 32.9 (C of-Bu), 27.2 (CH), 26.9 (CH
of t-Bu), 18.1 (CH), 8.7 (CH). Anal. Calcd for GgH22N,O: C,
74.38; H, 8.58; N, 10.84. Found: C, 74.22; H, 8.39; N, 10.70.

Poly(R)-10aso. IR (cm™%, KBr): 3317 (/n—), 1645 ¢c—0), 1593
(ve=n). H NMR: 6 8.07 (br, 1H, Ar), 7.72 (br, 1H, Ar), 7.60
7.15 (m, 6H, Ar), 6.25 (br, 1H, NH), 5.26 (br, 1H, CH), 142
1.13 (m, 12Ht-Bu and CH). 13C NMR: 6 166.6 (G=0), 160.5
(C=N), 157.3 (C of Ar), 143.0 (C of Ar), 132.1 (C of Ar), 131.0
(CH of Ar), 128.7 (C of Ar), 128.5 (CH of Ar), 127.4 (CH of Ar),
126.1 (CH of Ar), 124.7 (CH of Ar), 49.3 (NHCH), 35.5 (C of
t-Bu), 30.0 (CH of t-Bu), 22.1 (CH). Anal. Calcd for
CooH2oNL0: C, 78.40; H, 7.24; N, 9.14. Found: C, 77.71; H, 7.62;
N, 8.82.
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