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He lical Configuration of Poly(iminome thyle ne s ). Synthes is  and 

CD Spectra of Polymers  Derived from Optica lly Active  

Isocyanides1
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A. M. F . He ze ma ns

L ab o rato ry  for Ge ne ral Che m is try , 3508 T B Utre c ht , T he  N e th e rland s .

Re ce iv e d De ce m be r 13, 1982

ABSTRACT: Each of nine chiral isocyanides, R*- N=C, in enantiomerically pure or almost pure form, is 
polymerized to the corresponding poly(iminomethylene), [ R*- N=C<] n. The group R* either contains at least 
one substituent (carboxylic ester, phenyl, phosphinyl) or is unsaturated (C=C, C=C). The polymers are 
of the rigid- rod type with a helical main chain of carbon atoms. Because of the chirality of R*- N=C either 
the P  or the M helix is preferentially formed. CD spectra and optical rotation at 578 nm are determined and 
compared with those of the model compounds R*- N=CH(i- C4H9) and the monomers. This comparison and 
earlier calculations on [i- C4H9- N=C<] n allowed the assignment to each polymer of the excess screw sense. 
The screw sense is also theoretically predicted by two approaches, a thermodynamic and a kinetic one. The 
latter approach gives an appreciably better fit with the experimental results.

In t r o d u c t io n

Stereoisomerism due  to restricted rotation around single 
bonds  (atropis ome ris m) is a well- known phe nome non in 

organic che mis try .3 In  polyme r che mis try this  type  of 
isome rism is very rare. Re s tr ic te d rota tion around the  

s ingle  bonds  conne cting the  main- chain carbon atoms  of 

a macromolecule  can give rise to the  formation of a s table  
helix. One  condition is tha t the  polymer is highly isotactic; 

th a t  is, the  configura tion a round a ll main- chain s ingle  

bonds  s hould be the  same, e.g., a ll R  or a ll S .
As far as we know, only three  examples  of a tropis om ­

e rism in polyme rs  have  been re porte d in the  lite ra ture . 
There  is indire ct evidence tha t  polychloral prepared from 

chloral w ith a chira l in it ia to r  forms  a s table  he lix  with 
preference  of one he lical screw sense over the  othe r .4 It  
has been shown tha t  tr iphe nylme thyl me thacrylate , when 

polymerized by chiral anionic catalysts , yie lds  an isotactic, 
optically active polymer .5 The  optical activity is a ttr ibute d 
to the  presence of a r igid he lix, which is s table  because of 
the  bulky tr iphe nylme thyl ester functions . T he  th ir d  ex­

ample  of a tropis ome ris m is found in polymers  of iso­

cyanide s .6,39 These  polyme rs , also called poly(imino-  
methylenes ) or, more  properly, poly(carbonimidoyls ), are 

obta ine d by polyme r iza tion of isocyanides  w ith several 
catalys ts , among the m nic ke l(II) catalys ts .

Ni(II)

n R - N =C - - - - -  (R - N = C < )n

T he  polymers  have a r igid he lical s tructure  with four  

monome ric  units  per he lical tu r n .6,7 Poly(£er£- butyl-  
iminome thyle ne ) has been resolved into right- handed (P) 
and le ft- handed (M) helices by column chromatography .8 

These helices  show negative  and pos itive  s igns of optical 
rota tion a t X = 578 nm, re spective ly .9 T he  re s olution of 

poly(ie r i- butyliminome thyle ne ) indicate s  th a t  polyme r i­
zation of isocyanides is stereoselective with respect to screw 
sense. T hus , when the  monome r is nonchira l a racemic 

mixture  of P  and M  screws is formed. However, when the  
monome r is one e nantiome r  of a chiral isocyanide , its  

polymer will be a mixture  of dias tereoisomers , and P  and 
M  screws will not be obta ine d in e qual amounts . In  a 

previous pape r10 we compared the  CD spectra of polymers  
of optica lly  active  a lkyl isocyanides  with those  of mode l 

compounds . T his  comparison, although restricted to three 

examples , s upporte d the  hypothes is  tha t  optica lly  active  
isocyanides  yie ld polymers  w ith an excess of one he lical 
chain over the  other. In  the  pre sent pape r11 we describe  

the  synthes is  and CD spectra of an additiona l numbe r  of 

nine  optically active  poly(iminome thyle ne s ), compounds  
3a- i (Scheme I), which have diffe re nt s ide chains  R. T he  

CD spectra of these polymers  are compared w ith the  CD

0024- 9297/83/2216- 1679$01.50/0 © 1983 American Chemical Society
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spectra of representative  mode l compounds . A major  goal 

of our inves tigations  is the  deve lopment of chiral supports , 

such as deoxygenated 3i, which can bind me tal complexes. 

These polymeric systems are of inte res t as chiral catalysts , 

e.g., in hydroge nation re actions .12

Re s ults  a nd  Dis c us s ion

Synthe s is . Polymers  3a- i were prepared according to 

the  general procedure  of Scheme  I. Optica lly  active  N-  
formylamine s  served as s ta r ting mate r ia ls . L(S)- N-  
Formylalanine  e thyl ester (la ) was obtained from L- alanine 

by e s te r ification with HC1 and s ubs e que nt reaction with 

s odium formate , formic acid, and ace tic anhydr ide . 

(S)- AT- Formyl- 0- acetyl- 2- aminopropanol (lb ), (S ) - N - 
formyl- 0- ace tyl- 2- amino- 3- methyl- l- butanol ( lc ) , and 

CR)- N- formyl- 0- acetyl- 2- amino- 2- phenylethanol (Id) were 

pre pare d from L- alanine, L- valine, and D- phenylglycine , 

respective ly, as outline d in Scheme  II. T he  carboxylic 

func tion of the  la tte r  compounds  was es te rified and s ub ­
s e que ntly reduced to the  hydroxyme thyl group with Li-  

A1H4. In  order to facilitate  the  isolation of alcohols  5j and 

5k from the  re action mixture s , we a ttache d a benzoyl 

group to the  amino group of 4j and 4k.10 T his  benzoyl 
group is converted into a benzyl group during the  reduction 

process. The  latte r  group was removed by hydrogenolysis  

with pa lla d ium  on carbon. T he  unprote c te d alcohols  5j 
and 5k were treated with formic acid- ace tic anhydr ide  to 

give N,0- diformyla te d products . T he  la tte r  compounds  
were se lectively de formylate d a t oxygen by re action with 

s odium hydrogen carbonate  in 10% aqueous  me thanol to 

give 6j and 6k. Formamide  61 was obta ine d from 51 with 

excess of e thyl formate . Compounds  6 were O- acetylated 

us ing ace tic anhydr ide  and pyr idine . (S)- TV- Formyl- l-  
amino- l- phe nyle thane  (le ) and (S)- Af- formyl- 2- amino- l-  

phe nylpropane  (If) were pre pare d from (S)- l- amino- l-  

phe ny le tha ne  and (S)- 2- amino- l- phe nylpropane  (S - 

amphe tamine ), respective ly, us ing e thyl formate .

RN H C H O
1

Sche me  I

R- N = C  
2

(R - N = C < )n
3

a, R

b, R

c, R

d, R

e, R

f, R

g, R
h, R

i, R

(sy
(S)

(S)

(R)
(S)

(SY 

(S) 

(■S ) 
(S)

H OOC C H (R1)N H 2
4

C 2H 50 2CCH (CH 3)

C H 3C 0 2C H 2C H (C H 3)

C H 3C 0 2C H 2CH [ CH (CH 3)2]

C H 3C 0 2C H 2CH(P h)

P h C H (C H 3)

P hCHo CH(CH3)
H C = C C H (C 2H 5)

H 2C = C H C H (C 2H 5)

P h 2P (0 )C H (C H 3)CH 2

Sche me  II

H OC H 2C H (R1)N H 2
5

H OC H 2C H (Rx)N H CH O
6

lb- d

4j, R 1 = C H 3, L- alanine  

k, R 1 = (CH3)2CH, L- valine  

1, R 1 = P h, D- phe nylglyc ine

Formamide s  lg  and lh  were synthe s ize d from (S)- 3-  
amino- l- pentyne  and (S)- 3- amino- l- pentene, respectively. 

T he  latte r  amines  were obtaine d according to Scheme III. 
Re ac tion of s odium ace tylide  in liq u id  ammonia  w ith 

propionalde hyde  provide d alcohol 7. Compound 7 was 
converted with p- tolue ne sulfonyl chloride  into  the  corre ­

sponding tosylate 8. Whe n 8 was treated with excess liquid 
ammonia  in an autoclave  a t room te mpe rature  for 24 h,

amine  9 was forme d in 85% yie ld. No re action was ob ­

served a t the  boiling  te mpe rature  of ammonia  (- 33 °C). 

In  the  lite rature , the  reaction of a tosylate  s imilar  to 8 with 

s odium amide  in liqu id  ammonia  has been de s cr ibe d.13 

T his  procedure  gives amine  in a much lower yie ld (40%). 

T he  racemic amine  9 was resolved through crys tallization 

of its  bitar tra te  from water. Afte r  two crys tallizations  LH 

N M R s hift experiments  showed tha t  9 was optically pure  

w ith [a]20D + 14.2°. Afte r  we had comple te d this  experi­
me nt, Scandinavian workers14 publis he d the  re solution of 

9 by a s imilar  procedure . T he ir  optically pure  amine  had 

[a]22D + 14.4°, and its  abs olute  configura tion was e s tab ­

lishe d to be S . A sample  of optica lly  pure  (S)- 9 was con­
verted into amine  (S)- 10 by catalytic hydroge nation us ing 

a de activate d Lind la r  ca ta lys t.15

Sche me  I I I

H C = C N a , C2H 5CHO — H C = C C H (C 2H 5)OH
7

H C = C C H (C 2H 5)OT s — H C = C C H (C 2H 5)N H 2
8 9

H 2C = C H C H (C 2H 5)N H 2
10

(S)- Ar- Formyl- l- amino- 2- (diphenylphosphinyl)propane

(li) was prepared according to Scheme IV. L- Alanine  (4j) 

was converted into  its  me thyl ester and, s ubs e que ntly, 

prote cte d a t its  amine  func tion w ith two be nzyl (Bn) 

groups. For the  introduction of the  la tte r  groups  we used 

the  combination benzyl bromide  and solid s odium carbo­

nate  in ace tonitr ile  as solvent. We  found this  procedure  

more  conve nie nt tha n  the  lite ra ture  proce dure ,16 which 

makes  use of be nzyl chloride  and KOH  in e thanol- wate r  

as s o lve nt . T he  double - protected L- alanine  ester was re ­

duced with LiAlH 4 to give alcohol 11. Compound 11 was 
tre ate d w ith p- tolue ne s ulfonyl chlor ide  in  p y r id in e  with 

the  purpose  of pre paring the  O- tosyl de rivative  15. How ­

ever, the  expected re action produc t was not forme d. In ­

s tead the  chloride  12 and pyr idine  s alt 1617 were obtaine d 

in approximate ly 45% and 30% yie ld, respectively. Sub ­
s t itution of N- me thylimidazole  for pyr idine  gave chloride  

12 in an even higher than 95% yield. The  latte r compound 

could also be obtained by using thionyl chloride  as reagent, 

a lbe it in lower yie lds  (<7 0 %) and longer re action time . 

The  rearrangement, which takes place during the  synthesis 
of 12 from 11 by the  procedures  me ntione d above , is not 

unexpecte d and has some precedents  in lite r a ture .18 It  

probably proceeds via the  following three- membered- ring 

inte rme diate :

CH 3CH— CH 2

vN
/ \  

Bn Bn

T he  optica l rota tion of chloride  12 amounte d to [a]20o 
+ 19.3°. T he  s tructure  of 12 was confirme d by !H and 13C 
N M R and mass spectrometry. Chira l s hift reagents  gave 
no s ignal s p lit t ing  in the  lH  N M R of 12, which might 

indicate  th a t  this  compound is optically pure . T he  abso­
lute  configuration of 12 would be R  if during the  conversion

11 —► 12 inve rs ion occurs a t the  chira l center. Chlor ide
12 was treated with P h 2P Li in T HF  to give its  phos phine  

de rivative , which was oxidized with hydrogen peroxide  to 
yie ld phosphine  oxide 13. T he  benzyl groups in the  latte r  

compound were removed by hydrogenolysis with palladium 
on carbon as the  catalys t. Atte mpts  to remove the  benzyl 

groups in the  phosphine  stage were unsuccessful, probably 
because the  phos phine - amine  acts  as a s trong bide nta te
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T a b le  I

Mo la r  Op t ic a l Ro t a t io n s  o f P o ly (im in o m e t h y le n e s ) 3, 

(R—N = C < )n , T he ir  Mo n o m e r s  2, R—N = C, a nd

/(I moH cm-1)

S o m e  Mo d e l Im in e s  17 , R —N = C H ( i- C ,H J

[ M P 57Ra’b

R 2 17 3

a , (5 ) - C ,H ,0 ,C C H (C H 3) + 2 1 . 2 - 1 7 5 - 3 5 5
b, (S )- CH 5C 0 1C H 2C H (C H 3) + 7 4 .0 + 14 .3 - 1 9 0
c , (S ) - C H ,C 0 2C H 2- + 7 2 .5 - 1 7 2

C H [ C H (C H 3) J

d, ( t fJ- C H .C O .C H .C H P h - 129 - 1 5 6
e , (S )- P h C H (C H ,) - 5 5 .0 C - 1 3 3 • - 4 5 8
f ,  (S ) - P h C H XH (C H J + 7 0 .6 + 1 1 4 + 2 2

g, (S )- H C = C C H (C ,H s) - 1 1 . 9 e - 1 0 2

h, (S )- H .,C=CHCH(C.,H ,) + 9 0 .2 ^ -  7 .2 + 27 .6
i , (S )- P h ,P (0 )C H (C H  J C H 2 + 3 5 .3 - 2 3 4 1-' - 9 1 0

a In  (de g c m 2 )/g. T he  m o la r  r o t a t io n s  o f the  po ly m e r s

are e xpre s s e d pe r  p o ly m e r  r e pe a t  un it . b In  c h lo r o fo r m
as s o lve nt , unle s s  o the r w is e  s ta te d ; 2, c 1- 4; 17, c 1- 3; 3, 

c 0 .0 0 5 - 1 .0 . c In  m e t h a n o l, c 5. (l Mo d e l c o m p o u n d  is 

R—N = C ( C H 3 ) 2 . 26 c Ne a t . 1 B o t h  ne a t  a nd  in m e th a n o l, 

c l .  g A  lo w  m o le c u la r w e ig h t  p o ly m e r  s a m ple  serves  as 

m o d e l c o m p o u n d , MW ^ 1 1 0 0  (te t r a m e r ).

ligand to the  metal catalyst. Compound 14 was converted 
into formamide  li using formic acid as formylating agent.

Sche me  IV

B n 2NCH(CH3 )C H 2OT s

15

B n 2NCH(CH3 )CH 2P Y +OT s

16

4j B n 2NCH(CH3)CH2OH 

11

B n 2 N C H 2CH(CH3 )P P h 20

13

B n 2N CH 2CH(CH3 )CI

12

H2N CH 2CH(CH3 )P P h 2 0

14

l i

Isocyanides  2 were obtaine d from formamide s  1 by 
dehydration with tr ichloromethyl chloroformate  (C1COO-  
CC13) and 7V- methylmorpholine  at low temperature s  
(compounds  2a- d),19 by (P h3P Cl)CCl3 in s itu from tri-  
phe nylphos phine  and carbon te trachlor ide  (compound 
2e),20 and by phos phorus  oxychloride  and tr ie thylamine  
or 7V- methylmorpholine  (compounds  2f- i).21 T he  yie lds  
varied from 50 to 75%. The  infrared abs orption spectra 
of compounds  2a- i showed characte r is tic  isocyanide  
s tre tching vibrations  in the  region 2140- 2145 cm-1. The  
molar  optical rotations  of the  isocyanides  are given in 
T able  I.

The  monomers  were polymerized at room temperature  
by 0.1- 5 mol % of NiCl2*6H20  either in me thanol solution 
or without solvent. The  yields of isolated polymer ranged 
from 60 to 95%. The polymers were pale yellow or yellow 
solids. Polymer 3g was a brown solid. In general, the solids 
were soluble  or sparingly soluble  in apolar  solvents (chlo­
roform, benzene, pe troleum ether) and insoluble  in polar 
solvents  (alcohols, water). The  intr ins ic viscosities [77] of 
the  polymers  varied from 0.06 to 0.70 d L/ g  (toluene  or 
chloroform, 30.00 °C). If  we apply the  Mark- Houwink 
e quation [7 7] = 1.4 X 10_9M WL75, de te rmine d for poly(2-  

oc tyliminome thyle ne ) ,10 to the  present polymers , we es ­
timate  tha t their viscosity- average molecular weights range 
from 25000 to 95 000 . We did not a im at high molecular  
weights. On the other hand, the  samples should fulfill the 
condition tha t  the  optical rotation and CD spectrum are 
inde pe nde nt of molecular  weight. The  latte r  s ituation is 
a tta ine d when the  average chain length of the  polymers  
is larger than approximate ly 20  monomeric units  (molec ­
ular weight >2000), as we showed in a previous s tudy .8 We 
observed tha t  the  mole cular  we ight of the  polymers  
s trongly depends  on the  amount  of catalys t used. For

F ig u r e  1 . CD (— ) a nd UV (- - - ) s pe ctra  o f {M)- (+)- po\ y(tert-

buty lim ino m e thy le ne ).

ins tance , if «- phenyle thyl isocyanide  (2e) is polymerized 
neat with 0.015, 0.2, 2, and 100 mol % of nicke l chloride , 
the  molecular  weights  of the  polymer samples  amount to
M , = 175000, M , = 95000, M v = 30000, and M n(VPO) = 

2000 , respectively. Polymers 3a- i showed N = C  stretching 
vibrations  in the  infrared spectrum at 1620- 1650 cm-1. 
T he ir  optical rotation values are given in T able  I.

As low molecular  we ight mode l compounds  for the  
polymers  a numbe r  of 7V- neopentylidene amines , R N =  
CH U-C4H 9) (17), were synthes ized. The  molar  optical 
rotations  of these compounds  are also include d in Table
I.

CD Spe c tr a . Polymers  3a- i have various  side chains  
R. For convenience, we will divide  these polymers  into 
classes tha t  have ester functions  only in the ir  side chain 
(compounds  3a- c, mode l compounds  are 17a,b), com­
pounds  tha t  have a phe nyl s ubs titue nt or a phe nyl s ub ­
s titue nt in addition to an ester function in the ir  side chain 
(compound 3d- f, mode l compound is 17e), compounds  
tha t  have a tr iple  or double  bond in the ir  side chain 
(compounds  3g,h, mode l compound is 17h), and a com­
pound tha t  has a diphe nylphos phinyl s ubs titue nt in its 
side chain (compound 3i, mode l compound is a corre ­
sponding low molecular weight polymer sample  17i). The 
CD spectra of the various polymers and model compounds  
will be discussed below. Before doing so, we will recall 
some features  of the  CD spectrum of (M)- (+)- poly  (tert-  
butyliminomethylene ), which serves as a general reference 
spectrum.9 This  spectrum is presented in Figure 1 together 
with the  UV abs orption spectrum. T he  shoulde r  in the  
latte r spectrum at about 290 nm corresponds to the  n- 7r* 
trans ition of the  imino group .9 T his  n- 7r* trans ition is 
responsible for the CD spectrum in the region 240- 400 nm. 
Two CD bands centered at the wavelength of this  shoulder 
are observed, forming a so- called “exciton couple t”.22 The 
sign sequence of this  couple t is characteris tic of the  screw 
sense of the  polymer. It  was shown tha t  a pos itive  band 
at higher and a negative band at lower wavelength (positive 
couple t) in poly(iminome thyle ne s ) corresponds  to an 
M- helical configuration .9 The  reverse s ituation (negative 
couple t) corresponds to a P- helical configuration.

The  UV and CD spectra of the  firs t class of polymers  
(3a- c) are presented in Figure 2a- c. The UV and CD data 
of mode l compounds  17a and 17b are lis ted in T able  II. 
Both 17a and 17b show an absorption band in the  UV at 
220- 230 nm. These bands  probably include  the  n- 7r* 
trans ition of the imino group as well as that of the carbonyl
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/ ( I m oH ci r r * ) [ 3 JU  / (I  mo!“1 cm-1) &  A 1 / ( I m oH cr r H ) At  l [I  m oH cn r 1)

TO

O
I

I

r%9
1

At  / (l mot’ 1 cm-1)

F ig u r e  2 . (a) CD (— ) a nd  UV (- - - ) s pe ctra  o f polyme r  3a in

chloroform solution, (b) CD (— ) and UV (- - - ) spectra of polyme r

3b in chloroform s o lut ion, (c) CD (— ) a nd UV (- - - ) s pe ctra  of

po lyme r  3c in m e tha no l s o lut ion, (d) S im ula te d  CD s pe c tr um 

of polyme r  3a. T he  broke n lines  represent a negative  couple t and 

a negative , s ymme tr ica l Cotton effect; the  full line  represents  the  

r e s u lta n t  curve .

group. The  trans ition of the  latte r group should be at the 
shorter wavelength side, as carbonyl groups normally show 
the ir  n- 7r* trans ition at about 210- 220 nm (e ~  50 L-  
mortem-1).23 In the CD spectra of 17a and 17b a Gaussian 
band centered at 235 nm is vis ible  with Ae values of - 4.0 
and - 0.29 L- mol^- cm-1, respectively. The  re lative ly high 
wavelength pos ition of the band suggests that the  chirality 
of the  carbonyl group is not pronounce d in the  CD.

T he  UV spectra of polymers  3a- c reveal the  n- 7r* 
trans ition of the imino group as a broad band in the region 

290- 330 nm. T his  trans ition is cons ide rably shifte d to 
longer wavelengths with respect to the model compounds . 
Such a s hift  has  also been observed for poly(imino-  
methylenes ) derived from s imple  alkyl isocyanides .10 In 
polymers  of optically active isocyanides  both the  chiral 
center in the side chain of the helical s tructure of the  main 
chain will induce  rotational power in the  imino chromo-  
phore . T he  contr ibution by the  chiral side chain in 
polymers  3a- c is manife s te d in the  CD spectrum as a 
relatively large negative band at 240- 400 nm. The helicity 
of the  main chain is obscured due  to overlap with this  
negative band. Care ful inspection of the  curves, however, 
shows tha t  negative  couple ts  are present for compounds  
3b and 3c. The positive parts of these couplets are lowered 
by the  negative  band of the  side chain. Also for polymer 
3a a negative couplet might well be present; the asymmetry 
of the  CD curve is an indica tion, as is s uppor te d by a 
s imulate d spectrum (Figure  2d). For an accurate  curve 
analys is  the  CD spectra s hould also be recorded and in ­
te rpre ted in the  short- wavelength region. However, this

At  / (I  mol-1 cm-1)

• 151------- ;—
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F ig u r e  3. (a) CD (— ) and UV (- - ) spectra in n- hexane s olution

a nd  CD (- - - ) s pe c tr um in c hlor ofor m s o lut ion  o f (S)- N- neo-

pentylidene- cv- phenyle thylamine  (17e). (b) CD (— ) and UV (- - - )

s pe ctra  of polyme r  3d in a c e tonit r ile  s o lut ion, (c) CD (— ) a nd

UV (- - - ) s pe ctra  of polyme r  3e in chloroform s o lut ion, (d) CD

(— ) a nd  UV (- - - ) s pe ctra  a polyme r  3 f in te t r a hy dr o fur a n  so­

lu t io n . (e) S im ula te d  CD curve  of po lyme r  3e: (- - - ) ne ga tive

c ouple t  a nd  s ingle  ne gative  Co t to n  e ffect; (•••) pos it ive  phe ny l 

ba nd; (— ) r e s ulta n t  curve .

is difficult  to realize because of solvent abs orption and 
unfavorable  Ae/e ratios. The  occurrence of negative cou­
ple ts  in 3a- c indicates  an excess of r ight- handed or P  
helices in these polymers . An es timate  of the  excess 
percentage from the  inte ns ity of the  couplets , as we were 
able to make in case of polymers  of s imple  optically active 
alkyl isocyanides ,10 would be too unre liable  at this  time . 
The  molar  rota tion da ta  for polymers  3a- c show appre ­
ciable shifts to negative values as compared to the rotations 
of the  mode l imines  and also to the  rotations  of the  iso­
cyanide  monomers . These shifts  to negative  rotations  
suggest a levorotatory contr ibution by the  helices. The  
combination of P  screw and negative optical rotation was 

found earlier for poly(£e r£- butyliminomethylene ) (vide 
supra).

The  UV and CD spectra of the  mode l compound of 
polymers 3d- f, compound 17e, are presented in Figure 3a. 
In  these spectra the  typical patte rn of a phe nyl group is
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Figure  4. CD (— ) a nd  UV (- - - ) s pe ctra  o f polyme r  3h in

n- he xane  s o lut ion.

vis ible  between 250 and 280 n m .24 The  band due  to the  
n- 7r* trans ition of the imino chromophore is partly masked 
by the  phenyl pattern. This  n^zr* trans ition can be located 

at about 250 nm. In n- hexane as well as in chloroform as 
solvent it gives rise to a negative CD band. The  intens ity 
of the latte r band in n- hexane is lower than in chloroform. 

T his  diffe rence  in inte ns ity might  be caused by confor ­
ma tiona l changes  due  to solvation.

In  the  UV spectra of polymers  3d- f (Figure  3b- d) the  
n - 7 r *  trans itions  are located as very weak bands  in the  
range from 300 to 350 nm. T he  abs orption bands  of the  
phenyl group can be recognized as shoulders  at about 275 
nm. The  CD spectrum of polymer 3f (Figure  3d) clearly 
reveals the CD bands  of the  phenyl group, as found in the 
mode l compound, and a negative  couple t at 320 nm, in ­
dicative  of a P  helix. Very re markably, no negative  CD 
band due  to the  side- chain induc tion in the  imino chro ­
mophore  is vis ible . On the  contrary, polymers  3d and 3e 
do show the side- chain bands . The latte r bands  in 3d and 
3e probably are of opposite sign, as judged by the intens ity 
diffe rence  of the  CD spectra, in line  with the  oppos ite  R 
and S  absolute  configuration of the  side chains  of the  
polymers. No clear- cut couplets are present for 3d and 3e. 
However, the  CD spectra are rathe r  asymmetric, jus t  as 
in case of polymers  3a- c. T his  as ymmetry in the  CD 
spe ctrum of polymer 3e is s imulate d in Figure  3e by the  
s ummation of a negative couplet, a negative CD band due 
to the  side- chain induction in the imino chromophore , and 
a pos itive  phe nyl band. T hus , also 3d and 3e will have 
P- helical structures. The  optical rotation data of polymers 
3d- f are in agreement with these s tructure  ass ignments : 
going from monomer or mode l compound to polymer the  
molar  optical rotation becomes more negative  (see Table

I, entries  d- f).
The  CD spe ctrum of polymer 3g in the  region around 

300 nm could not be measured due  to a very unfavorable  
Ae/e ratio (the  polymer has a dark brown color). The  
molar  optical rotation of this  polymer shows a s hift  to 
negative  value  as compared to the  isocyanide  monome r 
(Table  I). Assuming the  isocyanide  to be a correct refer ­
ence for this  polymer, the presence of an excess of P  helices 
can be derived.

The  UV and CD spectra of polymer 3h and the  corre ­
sponding data for model compound 17h are given in Figure
4 and Table  II, respectively. The  model compound shows 
a UV n- 7r* abs orption band at 247 nm and a s ingle neg­
ative Cotton effect at the same wavelength pos ition in the

U V  CD

cl ^ emax/
c o m p d  Amax / n m  ( L - m o P ' c m " 1 ) ( L - m o l^ c m - 1 )

17a = 2 2 0 b,c ^ 1 0 0 - 4 .0  b,e

1 7 b  ^ 2 3 0 b,c ^ 1 0 0 - 0 .2 9 b' e

17e  =2 5 0 d d

1 7h 247 94 - 1 .5 7

° C o m p o u n d , s o lve n t  (c o n c e n t r a t io n  in m o l- L ' 1 ):

17a, n- he xane  (2 .4 5  X 10~ 3), CHC1 3 (2 .1 4  X 10~ 3); 1 7 b , 

n- he xane  (3 .4 8  X 1 0 ' 3), CHC1 3 (5 .5 6  X 1 0 ' 3); 17e , n-  

he x ane  (3 .6 7  X 1 0 "3), CHC1 3 (2 .9 6  X 1 0 - 3); 1 7 h , n- he xane  

(7 .0 2  X 1 0 "3). b In  c h lo r o fo r m  the  U V a nd  CD c a n n o t  be 

me as ure d be lo w  245  nm . Do w n  to  the  la t te r  wave ­

le ng th  the  in te ns it ie s  in this  s o lve n t  are  o f the  s ame  or de r  

o f m a g n itu d e  a nd  o f the  s ame  s ign as w he n n- he xane  was  

us e d as s o lve nt . c T he  bands  due  to  the  n- 7r* t r a n s it io n  

o f the  im in o  g r o up  a nd  the  c a r b o n y l g r o up  are  n o t  c o m ­

p le te ly  s e pa r a te d  in the  U V s pe c t r um . In  the  CD 

s pe c t r um , A<?max lies  a t  235  n m . (l T he  b a n d  due  to  the  

n- 7r * t r a n s it io n  o f the  im in o  g r o up  is ma s ke d  by  the  

p h e n y l ba nds . See  F igur e  3a.

CD. The  polymer has an abs orption band at 320 nm in 

the  UV spectrum. The  CD spectrum reveals a negative  
band due  to the  side- chain contr ibution as well as a pos ­
itive  couple t due  to the  he lical main chain. The  latte r  
couple t indicate s  the  presence of an excess of M  helices 
in polymer 3h. A comparison of molar  optical rotation 

values (Table  I, entry h) leads to the  same conclus ion, 
provided imine  17h is used as mode l compound. T aking 
isocyanide  2h as a reference, the  wrong screw sense is 
predicted. T his  demons trates  tha t  an isocyanide  occa­
s ionally is an inade quate  model for its polymer (compare  

also ref 11).
Polymers  3g and 3h have side chains  from which, in 

principle , the chirality can be removed by reduction. With 
(M)- (+ )- poly(fe ri- butyliminomethylene) as a calibration 
s tandard, the  chiroptical properties  of the “dechiralized" 
polymers  will give information about the  excess P  or M 

screw present in the  or iginal polymers . Unfor tunate ly, 
however, we were not able  to get this  information, as 
polymers  3g and 3h resisted all reduction me thods  tried. 
These me thods  include d catalytic hydrogenations  with 
10 % pa lladium on carbon, pla t inum oxide, W -6 Rane y 
nicke l, and Rh (P P h 3)3Cl (Wilkins on catalys t) and dis-  
solving- metal reductions  with lithium in e thylenediamine  
and sodium in liquid ammonia. Probably, the unsaturated 
groups in 3g and 3h are well protected agains t reduction 
by steric hindrance .

The  UV and CD spectra of polymer 3i and its  mode l 
compound, a low molecular  we ight polymer sample , 17i 

(Table  I), are given in Figure  5. In these spectra the  
patte rn of the phenyl group is visible between 250 and 280 
nm (compare  also Figure  3a). The  chirality of the  main 
chain in 3i is manifested by the positive couplet at 320- 420 
nm, indica ting the  presence of an excess of M  helix. In ­
spection of Table  I (entry i) indicates that this  M  helix has 
a negative  contr ibution to the  tota l optical rotation. In 
this  respect polymer 3i is different from the other optically 
active poly(iminome thyle ne s ) s tudied so far. At  the  mo ­
me nt we cannot offer an e xplanation for this  de viating 
behavior.

Contr o l of Scre w Sense  F o r ma t ion . The  induction 

of screw sense in polymers  of chiral isocyanides  may be 
a the rmodynamically controlled process, le ading to the  
the rmodynamically mos t s table  helix or a kine tically 
controlled process governed by the relative energies of the  
diastereomeric trans ition states. Firs t we will consider the
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F ig u r e  6 . P r o je c t ion o f the  s ide  c ha in  (S ML)C- N  

C - N =  bond in a P- he lical po ly (im ino m e thy le ne ).

a long the

F ig u r e  5. CD (- - ) a nd UV (•••) s pe c tra  o f mode l c o m po und

17i and CD (— ) and UV (- - ) spectra of polyme r  3i in chloroform

s olut ion.

the rmodynamica lly  controlle d process. The  ques tion 
which screw, P  or M, is the most favorable one for a given 
chiral side chain R, can be answered by inspecting Figure 
6 . In this  figure a projection along the  C - N =  bond of a 
s ide chain, R 1R 2R- C- N=, of a P- helical poly(imino-  
me thylene ) is given. The  re lative  steric re quirements  of 
the  s ubs titue nts  R 1, R2, and R3 a t the  chiral carbon atom 
are denoted by S (small), M (me dium), and L (large), 
respectively. Poly(iminome thylenes ) have four repeating 
units  per helical tur n .7,9 The  most severe steric hindrance  
for a s ubs titue nt at the  chiral carbon atom of repeating

unit  Cn comes from the  R - N = C 2- C1= N -  moie ty. T his  

moie ty is close to and has its  C 1 nearly on top of C \  A 
lesser but s till impor tant hindrance  is tha t with the vicinal 
C4= N  moiety. The  most favorable side- chain position will 
be tha t  pos ition in which the  largest s ubs titue nt L points  
away from the helix, while substituents  S and M are placed 
in the  direction of C2 and C4, respectively. Vice versa one 
can conclude that an arrangement of substituents  as shown 
in Figure  6 will favor a P- helical main chain. In Table  III 
the the rmodynamically predicted screw senses are derived 
by following the  procedure  outline d above. Also given in 

Table  III are the experimentally de te rmined screw senses. 
A comparison of the  two reveals tha t  there  are many 
disagreements . T his  result suggests tha t  the  induction of 
screw sense is not a the rmodynamically governed process.

We  will now consider a kine tically controlled process at 
the  catalys t center. Polyme r ization of isocyanides  by 
nicke l(II) salts  proceeds via a sequence of inse rtion reac­
tions  around the  nicke l center (Scheme V ).6 Re action 
s tarts  from the  square- planar complex N i(CN R)42+. A 
coordinated isocyanide  in the  latte r  complex is easily a t ­
tacked by a nucleophile  X (e.g., Cl- of nicke l chloride) to

T able  III

E x p e r im e n ta l a nd  P r e d ic te d  Sc r e w  Se ns e  o f P o ly (im in o m e t h y le n e s )  ( R 1 R : R 3 C N - C < )„

s cre w sense

pre d

p o ly m e r R\  R 2, R 3 a e x p t l k in e t ic a lly  t h e r m o d y n a m ic a lly

3a H (S), C H 3 (L), C O O C ,H s (M, Y) P P P

3b H (S ), C H , (M), CH , 0 , C C H , (L, Y) P P M

3c H (S), /- C3H 7 (L ) , C H ,0 ,C C H 3 (M, Y) P P P

3d H (S), CH ,0  ,C C H , (M, Y) , Ph (L, Y)  

H (S), C H , (M), P h (L, Y)

P P/M  b M
3e P P M

3 f H (S), C H , (M), C H ,P h  (L, Y) P P M

3g H ( S ) , C , H ,  (L), C~ CH (M, Y) P P M
3h H ( S ) ,  C,H< ( L ) ,C H = C H ,  (M, Y)  

H (S), P P h ,0  (L, Y), C H , ( M ) rf

M c P P
3i M M M

a In  pa re nthe s e s  are  the  r e la t ive  bulk ine s s  a nd  c o o r d in a t iv e  p r o pe r ty . T he  s ub s t itue n t s  R ‘, R 2, a nd  R 3 are  r a nke d  

a c c o r d ing  to  the ir  a n t ic lo c k w is e  s e que nc e  in N e w m a n  p r o je c t io n  i. T he y  are  n um b e r e d  a c c o r d ing  to  the ir  r e la t ive  s te r ic  

r e quir e m e n ts  as e xpre s s e d by the  A- steric pa r a me te r s  (see  re f 27); R, Xr  : H, 0 .0 0 ; C O ;C : H ,, 0 .9 0 ; C H 3, 1 .0 0 ; C 2H S, 1 .0 5 ; 

C H , 0 2C C H ,,  ^ 1 .1 ; C H ,P h , 1.15; Ph, 1.23; i- C ,H ,, 1 .2 7 ; P P h :0 ,  > 1 .2 7 ; the  s te r ic  pa r ame te r s  for  C H - C H , and C~ CH are 

u n k n o w n , b u t  w ill be  < 1 ,  w ith  A- c^CH <  ^ CH = CH ,  (see r e  ̂ 28 ). b P s cre w if Ph c o o r d ina te s  to  n ic ke l, M  s cre w if

C H 20 2C C H 3 c o o r d ina te s  to  n ic ke l. ( In  a pr e vious  p a p e r " we r e por te d  a P s c re w fo r  this  p o ly m e r  bas e d on a c o m p a r is o n  

o f o p t ic a l r o t a t io n  da ta  (see a ls o te x t ). Bo th  the  k in e t ic a lly  a nd  t h e r m o d y n a m ic a lly  p r e d ic te d  s cre w sense  dis agre e  w ith  

the  e x p e r im e n ta l one . A t  the  m o m e n t , we  c a n n o t  give  a s a t is fa c to r y  e x p la n a t io n  fo r  this  re s ult . (l R ' R 2 R 3 are  the  s u b ­

s t itue n t s  a t  the  c h ir a l /3- carbon a t o m . T he  k in e t ic a lly  p r e d ic te d  s cre w sense  is de r ive d fr o m  the  N e w m a n  p r o je c t io n  ii o f  18z

a long  the  = N C H ;- C H (C H  ,)P P h ;0  b o n d .

Ni

H( = R )

PPh20

• • 

11
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give ion 18. T he  plane  of the  ligand C (X)= N R  in 18 is 
approximate ly perpendicular to the plane of the isocyanide 
carbons  and nicke l, with R e ithe r in the  E  or in the  Z  
position with respect to the  nickel center. There is no free 
rotation around the  bond from C 1 to nicke l for steric 
reasons. Carbon atom C1 has gained in nucle ophilic ity, 
allowing it to attack a ne ighboring ligand. Such an attack 
is facilita te d when a new isocyanide  ligand C5= N R  is 
s ubs titute d for C U X)= N R. Attack can occur on e ither 

C2 or C4. In 19 it has occurred on C2. Whe n the  sequence 
of attacks  continues  in the  direction C1 —► C2 —* C3 —► C4, 
a left- handed helix is obtaine d (20 ). In a s imilar  way the  
sequence of attacks  C 1 —* C4 —* C3 —► C2 will result in a 
r ight- handed helix.

In the  case of an achiral isocyanide the trans ition states 
for attack of C 1 on C2 and on C4 are the  same. On the  
contrary, in case of a chiral isocyanide  these trans ition 
s tates  diffe r  and will de pe nd on the  steric inte ractions  
between ligands  C 1 and C2, and C 1 and C4, respectively. 
With  regard to these inte ractions  the  E  or Z  pos ition of 
- CR1R 2R 3 in C 1( X) = N C R 1R 2R 3 is of inte res t as well as
the  relative sizes and arrangement of the  subs tituents  R 1, 
R 2, and R 3 on the  chiral carbon atom. It  is known from 
the  lite rature 25 tha t  in me tal complexes comparable  to 18 
as well as in imines, the E / Z  ratio varies with temperature , 
solvent, and s ubs titue nts . T he  present ligands  C 1( X ) =  
NCR*R2R 3 all contain s ubs titue nts  (denoted by Y) tha t  
can inte ract with the  nicke l center and thus  favor a Z  
pos ition (18z) over an E  pos ition. In 18z Y is coordinated 
to the nickel center and the  remaining subs tituents  at the 
chiral carbon atom are S and M or L. For a given ar ­
rangement of subs tituents  attack by C 1 will preferentially 
occur on the  leas t hinde re d side. In 18z with S pointing 
backward this  is on C4 and with S pointing to the  front 
this  is on C2. A P  screw and an M  screw will be formed, 
respectively. In Table  III the  kine tically predicted screw 
senses, based on inte rme diate  18z, of polymers  3a- i are 
given. In general, these screw senses are in good agreement 
with experiment. In  view of this  finding we can say tha t  
the  induction of screw sense in the  polyme rization of op ­
tically active isocyanides is most likely a process kinetically 
controlled a t the  catalys t center.

E x p e r im e n ta l Se c t ion

An a ly t ic a l T e c hnique s . Infrare d (IR) spectra were recorded 

on P e r kin- Elme r  297 a nd 283 s pe c trophotome te r s . Ult r a v io le t  

(UV) s pe ctra  were ob ta ine d  on a P e r kin- Elme r  200 s pe c tr opho ­

tome te r . CD s pe ctra  were re corde d on a home - built  a ppa r a tus . 

T his  ins t r um e nt  measure s  the  diffe re ntia l abs orbance  (AA) with 

a s ens itivity be tte r  than 1 x  lO-̂ . Optica l rotations  were measured 

on a Pe rkin- Elme r  241 polar ime te r . !H, 13C, and 31P spectra were 

ob ta ine d  on a Va r ia n  E M  390, a Va r ia n  CF T  20, a nd  a Br uke r  

W H  90 ins t r um e n t , re s pe ctive ly. Che mic a l s hifts  (6) are  give n 

in  ppm  from inte r na l te t r ame thy ls ila ne  or e x te rnal H 3P 0 4. Ab ­

br e via t ions  used are  s = s ingle t, d = double t , t  = t r ip le t , q = 

quar te t , m = mult ip le t , and br  = broad. Ele me nta l analyses  were 

car r ie d out by the  E le m e n t  Ana ly t ic a l Se c tion o f the  In s t itu te  

for  Or ganic  Che mis t r y  T N O, Utr e c ht , T he  Ne the r la nds , unde r  

the  s upe rvis ion o f W. J. Buis . Me lt ing  po ints  were de te r mine d  

on a Me t t le r  F P 5 / F P 5 1  photoe le c tr ic  m e lt ing  p o in t  a ppa r a tus . 

So lut ion  viscos ity da ta  were obta ine d with a Cannon- Ubbe lohde  

viscomete r . Mas s  spectra were recorded on an AE I MS- 902 mass  

s pectrome te r . Fie ld de s orption (FD) mass  spectra were obta ine d 

w ith  a Va r ia n  MAT  711 mass  s pe c trome te r  w ith  a c ombine d 

E I/ F I/ F D  ion source  a nd couple d to a s pe ctros ys te m MAT  100 

da ta  a c quis it ion  un it .

iV- Formyl- L- alanine  E t h y l Es te r  ( la ) .  L- Alanine  (4j) was 

e s te r ifie d w ith  e tha no l a nd  dry  HC1, according to a s ta nda r d  

pr oce dure .29,30 Subs e que nt  r e ac tion w ith  formic  ac id, s od ium 

formate , a nd  ace tic a n h y d r id e 31 a fforde d la  as a colorless  liqu id  

in qua nt ita t ive  yie ld: [o:] 21578 - 69.0° (c 4, e thanol); IR  (neat) 1740 

(CO), 1675 (NCO) c m "1; !H N M R  (CDC13) <5 8.24 (s, 1 H, CHO), 

7.75 (br , 1 H, N H ), 4.61 (m, 1 H, CH), 4.22 (q, 2 H, C H 2), 1.43 

(d, 3 H, C H 3), 1.25 (t, 3 H, C H 3).

(S)- l- Ca r be tho x y e thy l Is o c y a n ide  (2a). T his  is ocyanide  

was synthes ized from la  according to a modifica tion of the  me thod 

of Skor na  a nd  U g i.19 T he  proce dure  was as follows : In t o  a 

round- bottome d flas k, e quippe d  w ith  a ma gne t ic  s tir re r  a nd  a 

C 0 2/ace tone  re flux  conde ns e r  ke pt  a t  - 30 °C were br ought  4.35 

g (30 m m ol) of la , 7.05 m L (63.0 m m o l) o f dr y  N- me thyl-  

mor pho line , a nd  50 m L of dry  C H 2C12 as a s olve nt. At  a t e m ­

pe r a tur e  o f - 30 to - 40 °C, 1.81 m L (15.0 m m ol) o f diphos ge ne  

in 10 m L of dry  C H 2C12 was intr oduce d in to  the  s tir re d re action 

mix tur e  over a pe r iod o f a ppr ox im a te ly  2 h. T he  r e ac t ion was  

followe d by T LC (s ilica  gel, CHC13). T he  c hr oma togr a ms  were  

deve loped with a N iCl2*6H20  s olution in e thanol; with this  reagent 

is ocyanide s  give  a red- brown s pot. In  th is  way it  could be de ­

te rmine d tha t  the  m in im um  te mpe rature  for reaction was be tween 

- 30 a nd - 40 °C. Afte r  r e ac tion was  comple te  (3 h) the  cooling
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b a th  was  re move d, a nd  im m e d ia te ly  25 m L of wate r  was  a dde d 

to the  mix ture . T he  s till cold organic layer was s e parate d, s hake n 

w ith  35 m L of an aque ous  7 .5% N a H C 0 3 s o lut ion , aga in s e pa ­

r a te d, a nd  dr ie d  over N a 2S 0 4. T he  c rude  re ac tion p r oduc t  was  

pur ifie d by column chromatography (s ilica gel, CHC13): yie ld 2 . 8 6  

g (75%); [ a ] 21578 + 16.7° (c 3.7, chloroform); IR  (CC14) 1740 ( 0 = 0 ) ,  

2140 ( N = C )  c m"1; ]H N M R  (CC14) b 4.30 (q, 2  H, C H ,), 4.25 (m, 

1  H, CH), 1.65 (d, 3 H, C H 3), 1.37 (t, 3 H, C H 3). In  orde r  to check 

the  optica l pur ity  of the  race mization- s e ns itive  c ompound 2 a we 

hydro lyze d a s a mple  w ith  a s o lut ion  o f 0 . 0 1  m o l/ L  HC1 in 

wate r - te trahydrofuran (1:2 (v/v)). T he  thus  obta ine d formamide  

had, afte r  chr oma togr aphic  pur ific a t ion, a lmos t  the  s ame  optica l 

rotation value , viz., [o:] 21578 - 68.0° (c 1.7, e thanol), as the  formamide  

la  from which the  is ocyanide  was  pre pare d. T hus  race mizat.ion 

ha d  no t  occurre d d ur ing  the  fo r m a t io n  a nd  pur ific a t io n  o f the  

is ocyanide .

P o ly [ (S)- (l- c a r be tho x y e thy l)im ino m e thy le ne ]  (3a). Is o ­

cyanide  2a was  polyme r ize d w ith  0 . 2  mol % of N iC l2- 6H20  a t  

a mbie nt  te mpe rature  and without solvent. Afte r  5 days  the  glassy 

re ac tion mix tur e  was  dis s olve d in a s mall a m o un t  of chloroform 

a nd  a dde d dropwis e  to an excess o f vigorous ly s tir re d me tha-  

nol- wate r  (4:1 (v /v )). T he  pr e c ip ita te d  ye llow- colored polyme r  

was collected by filtra tion, washed with me thanol- wate r , and dr ie d 

a t  r e duce d pre s s ure  a t  50 °C over KOH : y ie ld 7 0 %; [77] = 0.44 

d L / g  (to lue ne , 30.0 °C); [ a] 22578 - 280° (c 0.36, chlor ofor m); IR  

(KBr ) 1740 (CO), 1638 (CN) c m '1. Ana l. Ca lcd for  C 6 H 9 N 0 2: 

C, 56.68; H, 7.14; N, 1 1 .0 2 ; O, 25.17. F ound: C, 56.14; H, 7.22; 

N, 10.95; O, 25.70.

(S)- 2- Aminopropanol (L- Alaninol (5j)). 7V- Benzoyl- L- alanine 

and N- benzoyl- L- alanine me thyl ester were pre pared s tar ting from 

L- alanine  (4j) according to s ta nda r d  proce dure s . 29,30 N- Benzyl-  

L- alaninol was  pr e pa re d from the  above  es te r  w ith  an excess of 

L iA lH 4 in bo iling  d ie thy l e the r . 29,32 Afte r  hydroge nolys is  in 

wa te r - e thanol (1:4 (v /v)) a t  60 °C, c ompound  5j was is ola te d as 

its  HC1 s a lt  in an ove rall y ie ld o f 9 0 %: [ a] 22o + 19.8° (c 2.5, 

m e tha no l); lH  N M R  (C D 3OD) b 4.8 (br , 4 H, N H 3+ a nd  OH ), 

3.5- 3.9 (m, 3 H, C H 2 a nd  CH), 1.30 (d, 3 H, C H 3).

(S)- iV- Formyl- 2- aminopropanol (6j). T he  N,0- diformyla te d 

p r oduc t  was obta ine d  from the  HC1 s a lt  of 5j by t r e a tm e nt  with 

formic  acid, s odium formate , and ace tic a nhydr ide , according to 

a lite rature  me thod .31 T he  yie ld of br ight ye llow s yrup was almos t 

quantita t ive : IR  (ne at) 1735 (OCHO), 1665 (N CHO) cm"1; in the  

!H  N M R  (C D 3OD) pe aks  a t  b 8.10 a nd  8.13 were vis ible  for  the  

iV- formyl a nd  the  O- formyl protons . T he  O- formyl gr oup was 

se lective ly re move d by the  following procedure : 30 g (0.229 mol) 

of s yrup was dis solved in 100 m L of 10% aque ous  me thanol, and 

3 g o f N a H C 0 3 was  adde d. T he  mix tur e  was  s t ir r e d a nd  ke pt 

a t  60 °C for 2  h. Subs e que ntly , the  s olve nt was e vaporate d unde r  

vacuum and the  res idue  was take n up in 100 m L of acetone. Afte r  

the  pre c ipita te d salts  had been removed by filt r a t ion, the  ace tone  

was e vapora te d a t  re duce d pressure . T he  pr oduc t  was  obta ine d 

as a ye llow s yrup in a yie ld of 90%: IR (neat) 1665 (N CHO) cm-1; 

the  *H N M R  (CDC13) showed in the  low- field region a s ingle  pe ak 

a t  a ppr o x im a te ly  b 8 . 1 2  (N C H O).

(5)- 7V- Formyl- 0- ace tyl- 2- aminopropanol (lb ). Alcohol 6j 

was ace ty la te d by dis s olving it  in an excess o f ace tic  a nhy dr ide  

w ith  a c a ta ly t ic  a m o u n t  o f py r id ine . T he  mix tur e  was  ke pt  a t  

50 °C dur ing  24 h. T he  excess o f vola tile  re agents  was  re move d 

a t  reduced pressure. Compound lb  was obta ine d as a ye llow syrup 

in a q u a n t it a t iv e  yie ld: [ a] 22578 - 39.9° (c 2.5, CHC13); IR  (ne a t) 

1735 (OCO), 1675 (NCO) c m "1; *H N M R  (CDC13) b 8.15 (s, 1 H, 

CHO), 7.15 (br, 1  H, NH), 4.33 (m, 1 H, CH), 4.04 (m, 2  H, C H 20 ), 

2.05 (s, 3 H, C O C H 3), 1.18 (d, 3 H, C H 3). Ano the r  route  to lb  

s ta r te d fr om a s ample  o f c omme r c ia lly  ava ilable  op t ic a lly  pure  

(S)- 2- aminopropanol. T his  was conve r te d with  an excess of e thyl 

fo r m a te 33 in to  the  (S)- N- formyl- 2 - a minopr opa nol a nd s ubs e ­

que nt ly , w ith  ace tic a nhydr ide  a nd pyr idine , in to  c ompound  lb . 
T his  s ample  a nd the  s ample  o f which the  s ynthe s is  is de s cr ibe d 

above  ha d  an ide nt ic a l opt ic a l r o ta t ion .

(S)- 0- Ace tyl- 2- is ocyano- l- propanol (2b). T his  isocyanide  

was  pre pare d from lb  as de s cr ibe d for the  s ynthe s is  of 2a. T he  

r e ac t ion te mpe r a tur e  was  ke pt  be twe e n - 15 a nd  - 20 °C. Afte r  

d is t illa t io n  2b was ob ta ine d  as a colorless  liquid : yie ld 7 5 %; bp 

50 °C (0 . 0 2  mm); [a] 2̂  + 58.3° (c 3.3, chloroform); ER (CC14) 2145 

(NC), 1735 (CO) c m’ 1; lH  N M R  (CC14) b 3.7- 4.2 (m, 3 H, C H 2 

a nd  C H ), 2.08 (s, 3 H, C O C H 3), 1.37 (m, 3 H, C H 3).

P o ly [ (S)- (l- (a c e tox y me thy l)e thy l)iminome thy le ne ]  (3b).
Monom e r  2b was polyme r ize d w ith  0.3 mol % of N iC l2- 6H20  in 

me tha no l. P o lyme r  3b was ob ta ine d  as a ye llow s olid in a yie ld 

o f 9 0 %: [77] = 0 .4 2  d L / g  (chlor ofor m, 30.00 °C); M 22578 - 150° 

(c 1 .2 , chloroform); IR  (KBr ) 1735 (CO), 1630 (CN) c m -1. Ana l. 

Calcd for C6 H 9NOo: C, 56.68; H, 7.14; N, 1 1 .0 2 ; O, 25.17. Found: 

C, 56.20; H, 6.87; N, 11.08; O, 25.85.

(S)- 2- Amino- 3- me thylbutanol (L- Valinol (5k)). T his  com ­

pound  was  obta ine d  s ta r t ing  from L- valine (4k) as ind ic a te d  for 

the  s ynthe s is  o f 5j and is ola te d as its  HC1 s a lt  from me tha no l-  

ether: mp 1 2 0  °C [ lit .3-1 mp 117- 118 °C] ; [a] 2̂  + 14.5° (c 2 .0 , H 90 ) 

[ lit . 34 [ c y ] 20d  + 14.25° (c 5.5, H 20 )] ; *H N M R  (C D 3OD) b 4.8 (s, 4

H, N H 3+ a nd OH ), 3.5- 3.9 (m, 2 H, C H 2), 2.95 (m, 1 H, C H N ),

I.9 6  (m, 1 H, CH), 1.06 a nd 0.98 ( 2  d, 6  H, (C H 3)2C).

(S)- iV- Formyl- 2- amino- 3- me thylbutanol (6k). T his  c om ­

pound was obta ine d from 5k as de s cr ibe d for the  s ynthe s is  of 6j. 
It  was  us e d d ir e c t ly  for  the  s ynthe s is  o f lc .

(S)- ./V- Formyl- 0- ace tyl- 2- amino- 3- me thylbutanol ( lc ) .  

Alcohol 6k was ace tyla te d with ace tic a nhydr ide  and pyr idine  in 

qua nt ita t ive  yie ld. T he  re s ulting oil had the  following propertie s : 

[a]^ 5 7 8 - 48.6° (c 2.5, chloroform); ER (neat) 1745 (CO), 1670 (NCO) 

c m '1; lU  N M R  (CDC13) b 7.0- 8.5 (m, 2  H, N H C H O ), 4.0- 4.6 (m,

3 H, C H 2 a nd  CH), 2.05 (s, 3 H, C H 3), 1.9 (m, 1 H , CH), 0.97 (d,

6  H, (C H 3)2C).

(S)- 0- Ace tyl- 2- is ocyano- 3- me thylbutanol (2c). T his  is o ­

cyanide  was  obta ine d from the  la t te r  fo r mamide  as de s cr ibe d for 

2a. T he  re action te mpe ra tur e  was ke pt be tween - 20 and - 25 °C. 

Afte r  c hr oma togr a phic  pur ific a t io n  (s ilica gel, CHC13) the  yie ld 

was 70% of a colorless  liquid : [or] 22578 +  46.8° (c 1.6, chloroform); 

IR  (CHC13) 2148 (NC), 1745 (CO) c m"1; *H N M R  (CDC13) b 4.14 

(m, 2  H, C H 2), 3.63 (m, 1 H, C H N ), 2.07 (s, 3 H, C H 3), 1.9 (m,

1 H, CH ), 1.01 (d, 6  H, (C H 3)2C).

P o ly [ (S  )- (l- (a c e t o x y m e t h y l)- 2 - m e t h y lp r o p y l) im in o ­

me thy le ne ]  (3c). Mo no m e r  2c was  polyme r ize d w ith  0.5 mol 

% of N iC l2*6H20  in me tha no l. T he  po lyme r  was  o b ta ine d  as a 

ye llow powder: yie ld 7 5 %; [cv] 22578 - 111° (c 0.15, chloroform); IR  

(KBr ) 1741 (CO), 1624 (CN) c m "1.

(i? )- 2- Amino- 2- phe nyle thanol (51). T his  c o m po und  was 

pr e pa re d s ta r t ing  from (i?)- (- )- o'- aminophe nylace tic ac id (d-  

phe nvlg lyc ine  (41)). T he  a m ino  acid was  e s te r ifie d in me tha no l 

w ith  dry HC1. T he  re s ulting ester was libe rate d from its  HC1 salt 

by dis s olving it  in an aque ous  N a 2C 0 3 s o lut ion; the  free a mine  

was  e x tr ac te d w ith  be nze ne  a nd  dr ie d  over N a 2S 0 4. Afte r  the  

solve nt was e vaporate d, the  re s idue  was dis solved in die thyl e the r  

and adde d dropwise  to an excess of LiAlH 4 in e ther. Subs e que ntly, 

the  mix tur e  was  re fluxe d for  2 h. Afte r  w or kup, the  de s ire d 

compound was obtaine d as light ye llow crystals  from ether- hexane: 

yie ld 6 5 %; m p  76.0- 76.5 °C [ lit .35 77- 78 °C] ; [ q ] 22d  - 26.2° (c 1 .0 , 

me thanol) [ lit .35 [ a] ^D - 27.2° (c 9.9, me thanol)] ; *H N M R  (CDC13) 

b 8.32 (s, 5 H, C 6 H 5), 3.98 (m, 1 H, CH), 3.35- 3.85 (m, 2  H, C H 2), 

2.66 (s, 3 H, N H 2 a nd  OH).

(J?)- 7V- Formyl- 2- amino- 2- phenyle thanol (61). T his  fo r m ­

a mide  was s ynthe s ize d from 51 by t r e a tm e n t  w ith  a 25% excess 

o f e thy l fo r m a te : 33 y ie ld 9 0 %; m p  1 0 0  °C; [or] 22578 - 149° (c 0.7, 

m e tha no l); IR  (KBr ) 1660 (N CO) c m -1.

(R  )- ./V- Formyl- 0- ace tyl- 2- amino- 2- phe nyle thanol (Id ). 
T his  compound was obta ine d from 61 by O- ace tylating with acetic 

a nhydr ide  a nd a ca ta lytic  a m o un t  of pyr idine  a t  50 °C dur ing  24 

h. T he  p r o duc t  was  o b ta ine d  as white  crys tals  fr om e the r  in a 

yie ld o f 9 5 %: m p  67 °C; [o: ] 22578 - 89.6° (c 1 .0 , chloroform); IR  

(KBr ) 1745 (OCO), 1655 (N CO) c m "1; *H N M R  (CDC13) b 8.15 

(s, 1 H, CHO), 7.65 (br , d, 1 H, N H ), 7.33 (s, 5 H, C6 H 5), 5.35 (m,

1 H, CH), 4.30 (d, 2  H, C H 2), 1.97 (s, 3 H, C H 3).

{ R)- 0 - Acetyl- 2- isocyano- 2- phenyle thanol (2d). Formamide  

Id  was conve r te d in to  is ocyanide  2d a t  a r e ac tion te mpe r a tur e  

o f - 2 0  °C as de s cr ibe d for  the  s ynthe s is  o f 2a. Co lu m n  chr o ­

ma togr aphy  (s ilica gel, CHC13) of the  crude  pr oduc t  a fforde d the  

pure  is ocyanide  as a colorle ss  liqu id : y ie ld 6 0 %; [<̂1 578 68.5°

(c 2 . 1 , CHC13); IR  (CC14) 2138 (NC), 1748 (CO) c m "1; lH  N M R  

(CC14) b 7.37 (s, 5 H, C 6 H 5), 4.91 (m, 1 H, CH), 4.0- 4.3 (m, 2  H, 

C H 2), 2 . 0 2  (s, 3 H, C H 3).

Poly[ (J?)- (2- ace toxy- l- phe nyIe thyl)iminome thyle ne ]  (3d). 
Mo no m e r  2d was  polyme r ize d w ith  0.15 mol % of N iC l2- 6H20  

in me thanol. T he  polyme r  was obta ine d as a br ight  ye llow powder 

in a yie ld of 70%: [r?] = 0.076 d L/ g  (chloroform, 30.00 °C); [a]22̂  

- 82° (c 0.5, chlorofor m); IR  (KBr ) 1745 (CO), 1622 (CN) c m "1.



Ana l. Ca lcd for  C n H n N 0 2: C, 69.83; H , 5.86; N, 7.40; 0 ,  16.91. 

F ound: C, 68.98; H , 5.92; N, 7.38; 0 ,  17.72.

(S )- JV- F or myl- l- phe ny le thy la mine  (le ). 1 - Phe nyle thyl-  

a m ine  was  re solved in to  its  opt ic a l a n t ipode s  by a s ta nda r d  

m e th o d . 36 T he  s pe cific  opt ica l r o ta t ion o f the  S  e na nt iome r  was 

[ ^122d ” 38.6° (ne a t) [ lit . 36 [ «] 29D - 39.4 (ne at)] . T h is  a m ine  was  

N- formyla te d w ith  a 10% excess of e thyl fo r ma te 33 in an a lmos t  

qua nt ita t ive  yie ld: m p  46- 48 °C [ lit .37 m p  46- 47 °C] ; [ a] 22o - 190 

(c 1, m e tha no l) [ lit . 37 [ «] 19d - 178° (c 4.25, 96 % e thanol)] .

(S )- l- P h e ny le th y l Is o c y a n id e  (2e). T his  is ocyanide  was 

s ynthe s ize d from le  according to the  m e thod  of Appe l e t a l . : 20 

yie ld  5 0 %; b p  95- 96 °C (16 m m ) [ lit . 38 bp  93- 94 °C (13 mm)] ;

[a]™D - 40.9° (c 5, me thanol) [ lit .39 [ a] 27D - 35.8° (neat)] ; IR (CC14) 

2140 (NC) c m '1; !H N M R  (CC14) <5 7.30 (s, 5 H, C 6 H 5), 4.75 (m,

1 H, CH ), 1.59 (m, 3 H, C H 3).

P oly[ (S)- (l- phe ny le thy l)iminome thy le ne ]  (3e). Isocyanide

2e was  polyme r ize d ne a t  w ith  0.015 m o l% of NiCl*6 H20  a t  0- 5 

°C: yie ld 9 0 %; [77] = 0.70 d L / g  (tolue ne , 30.00 °C); M 20D - 350° 

(c 1 , chloroform). Ana l. Ca lcd for  C 9 H 9N: C, 82.41; H, 6.92; N, 

10.68. F ound: C, 81.97; H, 7.04; N, 10.12; O, 0.87 (corre cte d to 

C +  H +  N  =  100%: C, 82.69; H, 7.10; N, 10.21). T hus  the  

po lyme r  c onta ins  a s ma ll a m o u n t  o f 0 ; compare  re f 1 0 .

(5 )- jV- F or my l- l- be nzy le thy la mine  ( If) .  T his  c om pound  

was  s ynthe s ize d s ta r t ing  fr om a s ample  o f o p t ic a lly  pur e  (S)- l-  

be nzyle thylamine *1/ 2H 2S 0 4 [ (S)- amphe tamine  sulfate] , which had 

[ « ] 2 0 d  + 22.5° (c 2 , H 20 )  [ lit . 40 [ o ' ] j )  + 2 2 ° (c 8 ,  H 20)] . T he  amine  

was  libe r a te d  fr om its  s a lt  w ith  an excess o f aque ous  N a OH  

s o lut ion a nd s ubs e que nt ly  conve r te d in to  the  fo r ma mide  w ith  a 

50% excess o f e thy l fo r m a te . 33 T he  p r o duc t  was  o b ta ine d  as a 

white  s olid in a lmos t  q u a n t it a t iv e  yie ld: m p  44- 46 °C; [ « ] 22578 

- 17.0° (c 2.0, chlorofor m); IR  (KBr ) 1670 (CO) c m '1; *H N M R  

(CC14) 8 7.89 (s, 1 H, CHO); 7.5 (br, d, 1 H, NH), 7.13 (s, 5 H, C6H 5), 

4.18 (m, 1 H, CH ), 2.4- 2.9 (m, 2  H, C H 2), 1.07 (d, 3 H, C H 3).

(S ')- l- Be nzy le thy l Is o c y a n id e  (2f). F o r m a m ide  If  was 

conve r te d in to  the  is ocyanide  according to a modifie d  lite r a tur e  

me thod .21 Ins te ad of tr ie thylamine , N- me thylmorpholine  was used 

as the  base. T he  re ac tion te mpe r a tur e  was ke pt  a t  - 1 0  °C. T he  

is ocyanide  was  o b ta ine d  as a colorle s s  liq u id  in 55% yie ld afte r  

c o lumn c hr oma togr a phy  (s ilica gel, CHC13): bp 46 °C (0 . 1  mm); 

M 22578 + 48.7° (c 3.5, chloroform); IR  (CC14) 2141 (NC) c m-1; 

N M R  (CC14) <5 7.20 (s, 5 H, C 6 H 5), 3.72 (m, 1 H , CH), 2.79 (m,

2 H, CHo), 1.28 (m, 3 H, C H 3).

P oly [ (S)- (l- be nzy le thy l)iminome thy le ne ]  (3f). Is ocyanide  

2f was polyme r ize d w ith  0 . 1  mol % of N iC l2*6H20  in me tha no l. 

Afte r  48 h the  m e tha no l was e vapora te d a t  re duce d pressure . A 

ye llow s olid (9 5 %) re s ulte d. T he  pr oduc t  was  s pa r ingly  s oluble  

in chlorofor m a nd  te t r a hy dr o fur a n . T he  s oluble  fr ac t ion had a 

s pe cific  op t ic a l r o ta t ion  o f [ « ] 22578 + 15° (c 0.4, chlor ofor m); IR  

(KBr ) 1631 (CN) c m “1. Ana l. Ca lc d for  C 10H UN: C„ 82.72; H, 

7.64; N, 9.65. Found: C, 81.84; H, 7.69; N, 9.59; O, 0.88 (corrected 

to C +  H +  N = 100%: C, 82.58; H, 7.76; N, 9.67 (compare  also 

3e)).
l- Ethyl- 2- propynol (7 ). T his  a lcohol was  pre pa re d from 

s odium ace tylide  a nd  pr opiona lde hyde  in liq u id  a m m o nia  in an 

approx imate ly 50% yie ld [ lit .41 yie ld 50%] ; N M R  (CC14) <5 4.25 

(m, 1  H, CH ), 4.00 (s, 1 H, OH ), 2.39 (d, 1  H, = C H ) ,  1.65 (m, 2

H, C H 2), 1.00 (t, 3 H, C H 3).

l- Ethyl- 2- propynyl p- T o lue ne s ulfona te  (8 ). T his  tos ylate  

was  ma de  according to a lite r a tur e  m e th o d 42 in a vie ld of 9 5 %: 

mp 41 °C; N M R  (CC14) 8 7.77 a nd  7.30 ( 2  d, 4 H, C 6 H 4), 4.96 

(m, 1 H, CH), 2.46 (d, 1 H, = C H ) ,  2.40 (s, 3 H, Ar C H 3), 1.78 (m,

2 H, C H 2), 0.95 (t, 3 H, C H 3).

l- Ethy l- 2 - pr opynylamine  (9). Unde r  a N 2 a tmos phe re  220 

g (0.8 mol) o f the  powde re d tos yla te  8  was br ought  in to  a 1 - L 

autoc lave  t h a t  was  coole d to - 40 °C. T he n 0.75 L of liq u id  

a m m o n ia  was  in t r oduc e d , a nd  the  autoc lave  was  closed. T he  

mix tur e  was  s hake n for  24 h a t  room te mpe r a tur e  a nd , s ubs e ­

que nt ly , the  excess o f a m m o n ia  was  a llowe d to e vaporate . T he  

re ac tion p r o duc t  was  d is t ille d  dir e c t ly  fr om the  autoc lave  into  

a cold t r a p  by a pp ly ing  a va c uum. Afte r  d is t illa t io n  the  pure  

a mine  was  obta ine d in a 85% yie ld: bp 103- 104 °C [ lit . 14 bp 104 

°C] ; lU  N M R  (CC14) 8 3.38 (m, 1 H, CH), 2.18 (d, 1 H, = C H ) ,

I.5 0  (m, 2 H, C H 2), 1.40 (s, 2 H, N H 2), 0.98 (t, 3 H, C H 3). T he  

optica lly  active  amine  9 was obta ine d by frac tiona l crys ta llization 

o f the  b ita r t r a te  in  wate r . T he  proce dure  was  as follows : 124.5 

g (1 . 5  mol) o f the  amine  was adde d dropwis e  to a cooled s olution
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of 225 g (1.5 mol) of (+ )- tar tar ic  acid in 1 0 0 0  m L of wate r . T he  

mix tur e  was cooled to 0- 5 °C. Afte r  a few days  the  pr e c ipita te d 

crys tals  were collected by filt r a t ion and dr ie d unde r  vacuum over 

P 20 5. T he  filt r a te  was conce ntra te d, and the  c rys ta lliza tion was 

re pe a te d. T he  fir s t  fr ac t ions , w ith  a c ombine d  we ight o f 1 2 2  g, 

ha d a m e lt ing  p o in t  t h a t  var ie d be twe e n 182 a nd  155 °C. T he  

s pe cific  opt ic a l r o ta t ions  o f the s e  fr ac t ions  were [ « ] 25578 +  24 to 

+ 23.5° (c 4, H 20 ). T he  r e s idua l fr ac t ions  o f crys tals , w ith  a 

combine d we ight of 227 g, had me lt ing  points  lower tha n  1 1 0  °C 

a nd H 25578 <+ 16 .5° (c 4, H 20 ). T he  fir s t , c ombine d  fr ac t ions  

( 1 2 2  g) were s ubje cte d to a second fr ac tiona l crys ta lliza tion. T he  

in it ia l a m o un t  of s olve nt was  550 m L of wate r . T he  proce dure  

de s cr ibe d above  was  followe d. F r a c t ions  w ith  a to ta l we ight of 

1 1 0  g s howe d a m e lt ing  p o in t  of 183 °C [ lit . 14 186- 187 °C]  a nd 

had a s pe cific  op t ic a l r o ta t ion  [ a ] 25578 o f + 24.1° a nd  [ a] 25o of 

+ 23.3° (c 2 , H 20 )  [ lit . 14 [ a]22D + 23.3° (c 1 , H 20)] . T he  (S)- amine  

was libe ra te d from the  b ita r t r a te  w ith  a 30% excess o f aque ous  

s odium hydroxide  and dis tille d from powdered K 2C 0 3: yie ld 35.7 

g (0.43 mol) of a colorless liquid; bp 104 °C; re markably, the  optical 

r o ta t ion (and Cot ton e ffect) change d s ign whe n the  pure  s ample  

was  dis s olve d in e thanol: [or]20D - 15.0° (ne a t, d 20 0.816 g / m L), 

[tt]20D + 14.4° (c 1.2, e thanol) [ lit . 14 [ a] 22o - 20.9° (ne at, d 22 0.813 

g / m L , [ q ] 22d  + 14.4° (c 1.0, e thanol)] .

(S )- 7 V- F o r m y l- l- e thy l- 2 - p r o py ny la m ine  ( lg ) .  T he  fo r m ­

amide  was obta ine d in a lmos t  qua n t ita t ive  yie ld from the  amine  

by a lite r a tur e  m e th o d : 31 [ a ] 22578 - 132° (c 2 0 , CC14); IR  (CC14) 
1660 (CO) c m "1; lH  N M R  (CCi4) 8 8 . 1 2  (s, 1 H, CHO), 8 . 1  (br ,

1 H, NH), 4.63 (m, 1 H, CH), 2.28 (d, 1 H, = C H ) ,  1.70 (m, 2 H, 
CHo), 1 . 0 2  (t, 3 H, CH 3).

(S )- l- E th y l- 2 - p r o p y n y l Is o c y a n id e  (2 g). T his  c om pound  

was pre pare d from lg  in a yie ld of 50% according to a s ta nda r d  

procedure :21 [a] 2̂  - 1 2 .8 ° (neat, d 22 0.834 g / m L); IR  (CC14) 3300, 

650 (CCH), 2140 (NC) cm"1; !H N M R  (CC14) 8 4.37 (m, 1 H, CH),

2.50 (d, 1 H, = C H ) ,  1.90 (m, 2  H, C H 2), 1 . 1 2  (t, 3 H, C H 3). T he

colorless  liq u id  be came  da r k on s ta nd ing  a t  room te mpe r a tur e  

or in a re fr ige ra tor  a t  - 2 0  °C unde r  a N 2 a tmos phe re .

P o ly [ (S )- (l- e th y l- 2 - p r o p y n y l)im in o m e th y le n e ]  (3g). Is o ­

cyanide  2 g was polyme r ize d w ith  0.3 mol % of N iC l2*6H20  in 

me thanol. Afte r  24 h the  reaction mixture  was concentrated unde r  

vacuum. T he  re s idual s olid was dis solved in chloroform, washed 

with water, dr ied over Mg S 0 4, and concentrated to a s mall volume. 

T he  polyme r  was ob ta ine d  as a s ta t ic  brown s olid a fte r  pr e c ip ­

it a t io n  in pe ntane : yie ld 9 0 %; [ « ] 22578 - 110 ±  10° (c 0.005, 

chloroform); IR (KBr ) 3300, 650 (CCH), 1650- 1600 (br, CN) cm-1; 

the  *H N M R (CDC13) gave only broad s ignals  in the  region 0.5- 5.0 

ppm. Anal. Calcd for C6H 7N: C, 77.38; H, 7.58; N, 15.04. Found: 

C, 77.70; H, 7.02; N, 15.27. On exposure to air a t  room te mpe rature  

the  polyme r  s lowly take s  up  oxygen (compare  also 3e).

(¿)- l- E thy l- 2 - p r o py ny la m ine  (10). A s olution of 12.5 g (0.15 

mol) of opt ica lly  pure  (S)- l- e thyl- 2- propynylamine , (S)- 9, in 300 

m L of e the r , 700 mg of a de ac tiva te d Lin d la r  c a ta ly s t , 15 a nd  3 

g o f qu ino line  was  br ought  in to  a H 2 a tmos phe re . T he  mix tur e  

was s t ir r e d a nd the  hydroge n up ta ke  was  followe d. Whe n  the  

the ore t ica l a m o un t  of H 2 was cons ume d, the  rate  o f the  gas 

c ons umption decreased. Subs e que ntly , s t ir r ing was s toppe d and 

the  vola tile  c ompounds  were d is t ille d  in to  a cold t r a p  (C 0 2/  

ace tone ). On cooling, dry HC1 gas was led through the  dis tilla te . 

T he  pr e c ip ita te d  white  a mine  hydr oc hlor ide  s a lt  was  colle cte d 

a nd dr ie d. T he  yie ld a m o unte d  to 17.2 g (9 5 %): m p  192- 194 

°C [ lit . 43 mp 194- 195 °C] ; [< * ]20d  + 2 1 .6 ° (c 2.5, me tha no l) [ lit . 43 

M 2“d + 21.1° (c 1 .1 , e thanol)] . A sample  of the  amine  was libe rated 

from its  salt by tre ating it with an excess of aqueous  KOH  solution 

and, subsequently, by extraction with CC14. T he  solution was dried 

over N a 2S 0 4; lU  N M R  (CC14) 8 5.50- 5.90 (m, 1 H, = C H ) ,  

4.85- 5.20* (m, 2  H, = C H 2), 3.13 (m, 1 H, CH), 1.35 (m, 2  H, C H 2),

1.20 (s, 2 H, N H 2), 0.90 (t, 3 H, C H 3).

(S )- iV- F o r m y l- l- e thy l- 2 - p r o pe ny la m ine  ( lh ) .  T his  fo r m ­

amide  was obta ine d from the  HC1 s alt of 1 0  with s odium formate , 

formic  acid, a nd  ace tic a nhy d r id e : 31 yie ld a lmos t  1 0 0 % of lig h t  

ye llow oil; [ a] 20578 - 24.1° (c 2.4, me tha no l); IR  (ne a t) 3080, 990, 

925 (C H = C H o ), 1650- 1690 (CO a nd  C H = C H ,)  cm"1; lU  N M R  

(CC14) 8 7.5- 8 . 2  (br , 1 H, N H ), 8 . 1  (s, 1 H, C H O), 5.6- 6.0 (m, 1 

H, = C H ) ,  5.0- 5.3 (m, 2  H, = C H 2), 4.34 (m, 1 H, CH), 1.53 (m,

2  H, CH2), 0.92 (t, 3 H, CH3).

(S )- l- E th y l- 2 - p r o p e ny l Is o c y a n id e  (2 h ). T his  is ocyanide

was  o b ta ine d  fr om lh  in 70% yie ld according to a lite r a tur e

He lical Configura tion of Poly(iminome thyle ne s ) 1687
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m e th o d : 21 [ a] 2°578 +  95° (ne a t  a nd  also c 1 , me tha no l); IR  (CC14) 

3090,1655, 990, 925 ( C H = C H 2), 2141 (NC) c m '1; *H N M R  (CC14) 

8 5.55- 5.95 (m, 1  H, = C H ) ,  5.2- 5.5 (m, 2 H, = C H 2), 4.10 (m, 1

H, CH ), 1.65 (m, 2 H, C H 2), 1.02 (t, 3 H, C H 3).

Poly[ (S')- (l- e thyl- 2 - prope nyl)iminome thyle ne ]  (3h). Is o ­

cyanide  2h was  polyme r ize d w ith  0.4 mol % of N iC l2- 6H20  in 

me thanol. T he  ye llow, s ta tic  polyme r  was obta ine d in 80% yie ld: 

[77] = 0.064 d L / g  (chlor ofor m, 30.00 °C), [ «] 20578 + 29° (c 0 .2 , 

chloroform); IR  (KBr ) 3090,1659, 990, 925 ( C H = C H 2), 1641 (CN) 

cm-1. Anal. Calcd for C6H 9N: C, 75.74; H, 9.53; N, 14.72. Found: 

C, 75.51; H, 9.57; N, 14.92. On exposure to air  at room te mpe rature  

the  po lyme r  s lowly take s  up  oxygen (compare  als o 3e).

( S )- iV,iV- Dibe nzyl- 2- aminopropanol (L- iV,iV- Dibenzyl-  

a la n in o l (11)). L- Alanine  was  e s te r ifie d w ith  me tha no l a nd  dry 

HC1 gas .29 T he  amino acid ester was dibe nzyla te d by s tir r ing with 

2 . 1  e quiv of benzyl bromide  and 5 e quiv of solid Na 2C 0 3 in C H 3CN 

dur ing  1 h a t  room te mpe ra ture . T he  salts  were filte re d off, and 

the  s olve nt was  e vapora te d unde r  va c uum. Afte r  d is t illa t io n  

L- 7V,7V- dibenzylalanine m e thy l es te r was  o b ta ine d  in a yie ld of

9 0 %: b p  140- 150 °C (0.005 m m ); [ a] 22D - 1 1 0 .8 ° (c 1 .8 , chlor o ­

form); !H  N M R  (CDC13) <5 7.3 (m, 10 H, a roma tic  H), 3.2- 3.9 (m,

5 H, N C H 2, CH ), 3.61 (s, 3 H, O C H 3), 1.25 (d, 3 H, C H 3). T he  

la t te r  ester was re duce d with an excess o f L iA lH 4 in T H F  to give

1 1  in a yie ld o f 9 5 %: bp 160 °C (0 . 0 0 1  mm); [ o ; ] 22d  + 86.9° (c 1.4, 

chloroform); !H  N M R  (CDC13) <5 7.3 (m, 1 0  H, a r oma t ic  H), 3.31 

a nd 3.79 (J gem = 13.2 Hz, 2  d, 4 H, N C H 2), 3.25 and 3.48 (J  = 5.1 

a nd  9.1 Hz, J gem =  13.5 Hz, 2  H, CHoO), 3.1 (s, 1  H, OH), 3.0 (m,

1 H , CH ), 0.91 ( J  = 6 . 8  Hz, d, 3 H,“C H 3); 13C N M R  (CDC13) «5 

139.63, 129.17, 128.69, 127.41 (a r oma tic  C), 6 3 .07 .(CH), 54.47 

(C H 20 ), 53.25 (C H 2N), 9.08 (C H 3).

(i?)- A^,iV- Dibe nzyl- 2- chloro- l- propanamine  (12). T his  

c ompound  was  obta ine d from 11 by t r e a tm e nt  w ith  1 . 2  e quiv of 

p- tolue ne s ulfonyl chlor ide  and N- me thylimidazole  in chloroform 

a t  0 - 2 0  °C. Afte r  15 h the  chloroform s o lut ion was  was he d four  

t ime s  w ith  5 % aque ous  N a 2C 0 3 a nd  twice  w ith  H 20  a nd  dr ie d 

over N a 2S 0 4. Afte r  e vapora t ion o f the  s olve nt, 1 2  was obta ine d  

in qua nt ita t ive  yie ld: m p  47 °C; M + m / e  273; [ « ] 22d  + 19.3 (c 0 .8 , 

chloroform); !H N M R  (CDC13) <5 7.35 (m, 1 0  H, a r oma tic  H), 4.0 

( J  = 6.7 Hz, m, 1  H, HCC1), 3.55 a nd  3.74 (J gem = 13.5 Hz, 2  d,

4 H, C H 2P h), 2.69 a nd  2.74 (J  = 7.5 a nd  6.3 Hz, J gem = 13.5 Hz,

2  H , C H 2N), 1.40 ( J  = 6 . 6  Hz, d, 3 H, C H 3); 13C N M R  (CDC13) 

<5 138.94,128.78, 128.12, 126.97 (a romatic  C), 61.89 (CH 2N), 59.00 

(CH 2P h), 55.34 (HCC1), 22.98 (CH 3). Ana l. Calcd for C ^ H ^ C l :  

C, 74.57; H, 7.36; N, 5.12; Cl, 12.95. F ound: C, 74.50; H, 7.32; 

N, 5.16; Cl, 13.01. Co m p o un d  1 2  was  also s ynthe s ize d fr om 1 1  

in  70% yie ld us ing H C l/ S O C l2 in  c h lo r o fo r m . 44

(i?)- 7V,iV- Dibe nzy l- 2 - (diphe ny lphos phiny l)pr opy lamine
(13). T o a s o lut ion  o f 17 g (0.06 mol) o f 12 in 100 m L of T H F  

a t  0  °C was  s lowly a dde d a s o lut ion of 1.3 e quiv (0.08 mol) of 

P h 2P Li in  50 m L o f T H F . T he  la t te r  s o lut ion  was  made  from 

P h 2P Cl a nd  lit h iu m  in T H F  a t  20 °C by s t ir r ing  the  r e ac tants  

for 10 h. Afte r  the  a d d it io n  of the  P h 2P Li the  re ac tion mix tur e  

was  he a te d to 50 °C dur ing  2  h. Subs e que nt ly , the  mix tur e  was 

s t ir re d for  a no the r  15 h a t  room te m pe r a tur e . 45 E the r  a nd s a t ­

ur a te d  a m m o n iu m  chlor ide  s o lut ion  were a dde d to the  T H F  

s o lut ion. T he  organic  laye r  was  was he d twice  w ith  s a tur a te d  

N H 4C1, a nd  the  s olve nt  was  re move d unde r  va c uum. T he  

phos phine  was obta ine d as its  HC1 salt afte r  crys ta lliza tion of the  

c rude  p r o duc t  fr om a mix tur e  o f m e tha no l, conce ntr a te d HC1, 

a nd  wate r  (15:2:5 (v /v)): y ie ld 9 0 %; [ a ] 2 2 D - 89.5° (c 1.2, c hlo ­

roform). A s ample  was  libe ra te d from its  HC1 s alt by t r e a tm e nt  

w ith  K O H  in e thanol. T he  e tha nol was re move d unde r  vacuum 

and the  res idue  was dissolved in T HF . Afte r  was hing and drying, 

the  T H F  was  re move d a nd  the  r e s ult ing  phos phine  was  crys ­

t a llize d  fr om e thanol: [ a] 22o - 75.6° (c 0.16, be nze ne ); !H N M R  

(C6D6) <5 7.3 (m, 20 H, a romatic  H), 3.12 and 3.65 (J gcm = 14.3 Hz,

2  d, 4 H, C H 2P h), 2.5 (m, 3 H, C H C H 2N), 1.13 ( J  = 6  Hz, V(P - H) 

= 13.4 Hz, dd, 3 H, C H 3); 13C N M R (C6D 6) 8 139.97,129.24,126.78 

(a romatic  C of Bn), 138.01, 137.66, 134.14, 133.88, 128.75, 128.42, 

126.39, 126.01 (a r oma tic  C of PPho), 59.27 (C H 2 o f Bn), 57.87 

(2J(C- P ) = 26 Hz, C H 2N), 29.56 (V(C- P ) = - 11.4 Hz, P CH), 15.62 

(2J(C- P ) = 13.6 Hz, C H 3); the  off- resonance s pe c trum confirme d 

th is  a s s ignme nt; 31P  N M R  (C6D 6) <5 - 5.6.

T he  phos phine  hydrochlor ide  was converted into the  phos phine  

ox ide  hydr oc hlo r ide  w ith  1 . 1  e quiv  o f H 20 2 in  e tha no l a t  0  °C. 

T he  p r o duc t  was  c rys ta llize d fr om e thanol; [<x]22d - 26.6° (c 0.7,

chlor ofor m). T he  a mine  was  libe r a te d from its  HC1 s a lt  by 

t r e a tm e n t  of a chlor ofor m s o lut ion  o f th is  c o m po und  w ith  N H 3 

gas. Compound  13 had the  following: JH N M R (CDC13) <5 7.2- 7.7 

(m, 20 H, a r oma t ic  H), 3.3 a nd  3.7 ( J gem = 13.8 Hz, 2 d, 4 H, 

C H ,Ar ), 2.3- 2 . 8  (m, 3 H, C H C H .N ) ,  1.15 ( J  = 6.5 Hz, 3J(P - H )  

= 17 Hz, dd , 3 H, C H 3); 31P N M R  (C6 D 6- E tOH ) 8 + 31.0.

(i?)- 2 - (Diphe ny lphos phiny l)pr opy la mine  (14). T his  amine  

was  ob ta ine d  afte r  de be nzy la t ion of 13- HC1 in ac id ifie d  e tha no l 

us ing P d / C  as a ca ta lys t . 15 T he  pr oduc t  was pur ifie d by c o lumn 

c hr oma togr aphy  over s ilica gel us ing CHC1 3 a nd  CHC1 3- CH 30 H  

(5:1 (v /v)) as e lue nts : [ o ' ] 22d  + 28.0 (c 0.7, chloroform); *H N M R  

(CDC13) 8 7.5- 8 (m, 1 0  H, a r oma t ic  H), 3.0 (m, 2  H, C H 2N), 2.5 

(m, 1 H, C H P ), 1.83 (s, 2  H, N H 2), 1.18 (m, 3 H, C H 3).

(i?)- iV- F or myl- 2 - (d iphe ny lphos phiny l)pr opy la mine  ( li) .  
T his  c o m po und  was  o b ta ine d  in 94% yie ld fr om 14 a nd  for mic  

ac id in be nze ne  by aze otropic  d is t illa t io n . T he  fo r m a m ide  was  

pur ifie d  by c o lum n c hr oma togr a phy : [o:]22D + 7.7° (c 0.7, c h lo ­

roform); IR  (KBr ) 1860 (CO), 1440 (P P h) c m '1; N M R  (CDC13) 

8 8 . 1  (s, 1  H, CH O), 7.6- 8.0 (m, 10 H, a r oma t ic  H), 7.5 (br , 1 H, 

NH), 3.0- 4.0 (m, 2  H, C H 2), 2.8 (m, 1 H, CHP ), 1.15 (m, 3 H, C H 3).

(jR)- 2 - (Diphe ny lpho s ph iny l)p r o py l Is o c y a n ide  (2i). Is o ­

cyanide  2i was pre pa re d fr om li  us ing P O C l3 a nd  N- me thyl-  

m o r pho line  in C H 2C12 as s o lve nt . 21 T he  te mpe r a tur e  o f the  re ­

a c t ion mix tur e  was  ke p t  be low - 2 0  °C. Afte r  w or kup the  is o ­

cyanide  was  pur ifie d  by c o lum n c hr om a tog r a phy  (s ilica  gel, 

CHC1 3- CH 30 H  (20:1 (v / v )) a nd  s ubs e que nt ly  c rys ta llize d from 

chloroform- n- he xane : yie ld 7 5 %; m p  105.5- 106.3 °C; [tv] 22578 

+ 13.1° (c 0.6, chloroform); IR  (KBr ) 2145 (NC), 1438 (P P h) cm-1; 

lH  N M R  (CDC13) 8 7.5- 7.9 (m, 10 H, a r oma t ic  H), 3.5 (m, 2  H, 

C H 2), 2.8 (m, 1 H, C H P ), 1.35 (m, 3 H, C H 3); 13C N M R  (CDC13) 

8 132.32, 132.27 130.94, 130.75, 129.11, 128.98 (a romatic  C), 43.36 

(C H 2N), 33.42 (CH P ), 11.12 (C H 3), no s igna l for  the  is ocyano 

ca rbon a tom  was  obs e rve d; 31P N M R  (C6D 6- T HF ) 8 + 28.6.

P o ly [ ( jR ) - ( 2 - ( d ip h e n y lp h o s p h in y l) p r o p y l) im in o -  
me thy le ne ]  (3i a n d  17i). Is ocyanide  2i was polyme r ize d w ith  

0.5 mol % of N iC l2*6H20  in e tha nol. T he  polyme r  was  is ola te d 

by c e n t r ifuga t ion , was he d w ith  cyclohe xane  a nd  E t 0 H - H 20 , 

re spective ly, a nd  dr ie d unde r  vacuum: yie ld 9 0 %; [ a] 20578 - 338° 

(c 0.3, chlor ofor m); IR  (KBr ) 1630 (CN), 1439 (P P h ) c m -1; 31P 

N M R  (CDC1 3- T HF ) 8 + 34.4 (Ai^ / 2 = 1 1 0  Hz). Ana l. Ca lcd for 

C 16H 16N P O *l/ 2 (C2H 5OH): C, 69.85; H, 6.55; N, 4.79; P , 10.59; 

O, 8.21. Found: C, 70.41; H, 6.43; N, 4.61; P , 10.61; O, 7.94. T he  

polyme r  has  a low s o lubility  in organic  solvents , pr oba bly  due  to 

its high mole cular  weight. A low mole cular  weight, soluble  product 

(17i) was  o b ta ine d  by r e ac ting is ocyanide  2i w ith  3 mol % of 

N iCl2- 6H20  in e thanol: [a]22̂  - 87.0° (c 0.2, chloroform); IR (KBr ) 

1630 (CN), 1439 (P P h ) c m-1; the  F D mas s  s pe c tr um reveals  a 

ma jo r  pe ak a t  1078 (te tr ame r , H (C N C 15H 16P O) 4 H).

7V- Ne ope ntylide ne - L- alanine  E t h y l Es te r  (17a). T his  

compound was s ynthe s ize d from piva lde hyde  and L- alanine e thyl 

ester according to a proce dure  de s cr ibe d in the  lite r a tur e :46,47 bp 

92 °C (30 mm); [ a ] 22578 - 94.5° (c 3.0, chloroform) and [o' ] 22578 - 135° 

(c 3.0, he xane ); IR  (ne a t) 1745 (CO), 1666 (CN) c m “1; :H N M R  

(CC14) 8 7.53 (s, 1 H, = C H ) ,  4.10 (q, 2  H, C H J,  3.75 (q, 1 H, CHN),

1.32 (d, 3 H, C H 3), 1.23 (t, 3 H, C H 3), 1.06 (s, 9 H, £- C4 H 9).

(S)- ./V- Ne ope ntylide ne - 0- ace tyl- 2- aminopropanol (17b). 

(S)- 2 - Aminopropanol hydr oc hlor ide  (L- alaninol hydr ochlor ide , 

5j- HCl) was O- ace tylated w ith  ace tic anhydr ide . T he  free amine  

w'as ge ne ra te d in s itu  w ith  t r ie thy la m ine  a nd  re acte d w ith  an 

excess of piva lde hyde  in the  presence  of mole cula r  s ieve a t  0  °C. 

T he  y ie ld was  7 0 %: bp 8 6  °C ( 2 0  m m ); M 22578 + 7.7° (c 2 .3 , 

chlor ofor m) a nd [ a ] 22578 +  20.7° (c 3.0, he xane ); IR  (ne a t) 1745 

(CO), 1667 (CN) cm“1; lH  N M R  (CC14) 8 7.50 (s, 1 H, = C H ) ,  3.94 

(m, 2  H, C H 2), 3.25 (m, 1 H, C H N ), 2.03 (s, 3 H, C O C H 3), 1.07 

(d, 3 H, C H 3), 1.04 (s, 9 H, £- C4 H 9).

(S)- iV- Ne ope nty lide ne - l- phe ny le thy la mine  (17e). T his  

c o m po und  was  s ynthe s ize d from (S)- l- phe ny le thy la mine  a nd 

piva lde hyde . T he  imine  had the  following prope rtie s : bp  99- 100 

°C (15 mm); [a]22. ^  - 70.3° (c 2.3, chloroform); IR  (neat) 1666 (CN) 

c m"1; lH  N M R  (CC14) 8 7.54 (s, 1 H, = C H ) ,  7.2 (m, 5 H, C 6 H 5), 

4.15 (q, 1 H, C H N ), 1.35 (d, 3 H, C H 3), 1 . 0 2  (s, 9 H, £- C4 H 9).

(S)- iV- Ne ope nty lide ne - l- e thy l- 2 - pr ope nylamine  (17h). 
T his  c o m po und  was  s ynthe s ize d fr om 1 0  as ind ic a te d  for  the  

s ynthe s is  o f 17a: bp 48 °C (18 m m ); [ « ] 22578 + 4.7° (c 1 .0 , c h lo ­

r oform) a nd  [ a ] 22578 + 8.4° (c 1 .8 , he xane ); IR  (ne a t) 1668 (CN) 

c m '1; ]H N M R  (CC14) 8 7.53 (s, 1  H, N = C H ) ,  5.6- 6.1 (m, 1 H,
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C = C H ) ,  4.8- 5 . 1  (m, 2  H, = C H 2), 3.27 (q, 1 H, C H N ), 1.50 (m,

2 H, C H 2), 1 . 0 2  (s, 9 H, £- C4H 9), 0.87 (t, 3 H , C H 3).
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