
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Conformation Isomerism In Poly(n-alkyl Laurolactams) By Proton And
Carbon-13 NMR
S. W. Shalabyab; G. E. Babbitta; R. L. Lapinskia

a Chemical Research Center, Allied Chemical Corp., Morristown, New Jersey b Ethicon, Inc.,
Somerville, N.J.

To cite this Article Shalaby, S. W. , Babbitt, G. E. and Lapinski, R. L.(1974) 'Conformation Isomerism In Poly(n-alkyl
Laurolactams) By Proton And Carbon-13 NMR', Spectroscopy Letters, 7: 4, 203 — 210
To link to this Article: DOI: 10.1080/00387017408067237
URL: http://dx.doi.org/10.1080/00387017408067237

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387017408067237
http://www.informaworld.com/terms-and-conditions-of-access.pdf


CONFQRMATION ISOMEiISH I N  POLY(N-ALKYL LAUROLACTAIS) 

By PROTON AND CARBON-13 NW 

S. W, Shaleby*, G. E. Bobbitt and R.  L. Lapinski 
Chemical Research Center, Allied Chemical Corp. 

Morristown, hew Jersey 07960 

The amide groups of poly(N-methyl laurolactam) , poly(N-ethyl lauro- 

lactam) and poly(N-benzyl laurolactam) were shown by PM and CM1 t o  

acquire both the anti and A t  8OoC, 

the PMR siemls of the two conformations collapsed t o  one signal, a t  an 

intermediate chemical s h i f t .  

displayed by carbon nuclei  and protons of a l l  the  groups which are 

d i r e c t l y  bonded t o  the amide moieties i n  the three polymers. 

t i c  non-equivalence of t he  carbon nuclei  and protons of a number of 

other groups which a re  not d i r e c t l y  l inked t o  the amide functions was 

a l s o  demonstrated. 

conformations i n  CDClg a t  30°C. 

The anti - PMi and/or CM3 signals were 

The magne- 

INTRODUCTION 

It was demonstrated e a r l i e r  in t h i s  laboratory from PM3 and CMI 

s tudies  on a number of N-ale1 laurolactams t h a t  t h e i r  amide groups can 

e x i s t  i n  both the anti and 

other authors have established the presence of the 

in N-methyl l a ~ r o l a c t a m ~ ' ~ .  

exist i n  several  N-substituted  polypeptide^^-^. 

1 conformations . I n  t h e i r  PM? s tud ie s  

- SJrn isomerism 

This type of isomerism was a l so  shown t o  

While the amide groups 

* R e s e n t  address1 Ethicon, Inc., Somerville, N.J .  08876. 
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S W Y ,  BABBITT, AND LAPINSKI 

of several  unsubstituted polylactams and similar polyamides were shown 

t o  be present i n  the thermodynamically more stable  grtJ conformation 10-12 , 

the presence of both the and conformations was r ecen t ly  demon- 

s t r a t ed  i n  poly(N-methyl l a ~ r o l a c t a m ) ~ ~ ’ ~ ~ .  A solut ion of t h i s  polymer 

i n  CDClg  displayed the cha rac t e r i s t i c  3 - SJJ sipnals i n  i t s  PMt 

spectra,  ht i n  the so l id  s t a t e  the c rys t a l l i ne  phase of the polymer 

was proposed t o  have the anti conformation on$4. 

The established existance of the anti - _syn conformation isomerism 

by PMt not only i n  N-methyl, N-ethyl and N-benzyl laurolactams, tnt a l s o  

i n  poly(N-methyl laurolactam), (I), made it log ica l  t o  explore i t s  

presence i n  poly(N-ethyl laurolactam), (11). and poly(N-benzyl lauro- 

lactam), (111). Hence, detai led comparative €‘Mi studies  of the w i d e  

proup conformation i n  polymers I t o  I11 were i n i t i a t e d .  Recent appli- 

cation of CMR spectroscopy t o  the study of conformation isomerism i n  

Polymers 15-21 a& its demonstrated v e r s a t i l i t y  i n  recording long range 

e f f e c t s  of the amide proup isomerism i n  N-substituted laurolactams’ 

suggested the use of t h i s  technique f o r  studying the conformation iso- 

merism i n  poly(N-alQ1 laurolactams). 

end CMH spectra of polymers I, I1 and I11 are  reported and discussed i n  

terms of the amide 

these polymers i n  CDc13. 

I n  t h i s  communication, the PMt 

- _syn isomerism and the chain conformation of 

- a n t i  SJJ 

I, R- = Methyl! 11, R- = Ethyl1 111, R- = Bemy1 

EXPlRlNi3NTAL 

Synthesis of Monomers and Polymers 

Followin? reported procedures 13914*22, N-methyl, N-ethyl and 

N-beneyl laurolactams were prepared and polymerized t o  poly(N-methyl 
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POLY (N-ALKYL LAUROLACTAMS ) 

laurolactam) , (I), poly(N-ethy1 laurolactam), (II), and poly(N-benzyl 

laurolactam), (111). respectively.  Polymer I was obtained a s  a 

semicrystall ine,  so l id  material  while I1 and I11 were viscous l i q u i d s  

a t  3OoC. 

Analytical Methods 

Reduced viscosi ty  ( I red)  was obtained f o r  the polymer solut ions 

i n  m-cresol (0.5 p ; . / lOO ml. solvent).  Infrared spectra were prepared 

on a Beclanan IR-9 spectrophotometer. 

CDC13 were recorded on a Varian HA-100 1s spectrometer a t  30 and 80 C. 

Pulse-Fourier transform CPR spectra  of the polymers i n  CDCl 

were obtained on a Varian CFT-20 spectrometer. 

PI43 spectra  of t h e  polymers i n  
0 

at 30°C 3 

RESULTS AND DISCUSSION 

As will become evident i n  forthcoming sect ions of the Discussion, 

the amide groups of polymers I, I1 and I11 can e x i s t  i n  both the  anti 
and syn conformations, 

cate t h a t  the e f f e c t  of isomerism on the maenetic propert ies  of d i f f e r e n t  

nuclei  is  not l imited t o  those of the chemical groups which are d i r e c t l y  

bonded t o  the amide moieties. The CMR spectroscopg was shown t o  be more 

effect ive than the €'Mi technique i n  recording the mangetic non-equivalence 

of nuclei  which are far removed from the a i d e  function. Limited suc- 

cess waa encountered i n  studying the  conformation isomerism by IH 

The PW and CM spectra  of these polymers indi-  

spectroscopy. 

I n  t h e i r  s tudies  of the chain conformations of N-substituted poly- 

peptides, Goodman and others  suggested that the presence of the amide 

groups of these polymers, when dissolved i n  ce r t a in  solvents,  i n  both 

the anti and 

associated with random-coil chain  conformation^^'^ ,23*24, By analom, 

it is  proposed t h a t  when dissolved i n  CDClg the chains of Polymers I, 

conformations a t  almost equal concentrations was 
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SHALABY, BABBITT, AND LAPINSKI 

I1 and I11 may acquire random-coil conformations, since t h e i r  g& and 

NMt signals  exhibited comparable peak areas. 

Proton NMR (Pm) 
The PlrR da ta  i n  Table 1 indicate  that ( a )  a l l  groups which a re  

d i r e c t l y  bonded t o  the amide function of Polymer I displayed both the 

- a n t i  and SJJ Signals; (b) the and SJJ signals  were only recorded 

f o r  the methyl protons of the ethyl group i n  Polymer IIt and, ( c )  i n  

Polymer 111, double signals were only observed f o r  the methylene 

groups, d i r e c t l y  bonded t o  the amide function, 

double simls were recorded, the low f i e l d  and high f i e l d  ones were 

assigned t o  the  onti and conformations, respectively.  This i s  

consistent with earlier literature assignnents on similar systems'-'. 

The equilibrium concentration of each conformation in the three polymers 

a t  30°C WLS estimated a s  50$ 

s igna l  of t he  benzylic methylem, appeared a s  a s ing le t  while the syn 

s igna l  was a doublet. Though the nature of t h i s  couplinf? i s  unknown, 

it may have been caused by one of the aromatic protons'5. 

I n  a l l  case8 where 

15. It is worth mentioning t h a t  the 

Upon heatinq aqy.of t he  polymer solutions t o  8OoC, each of the 

s ignal  pa i r s  a t t r i bu ted  t o  anti - syn conformations i n  the three polymers 

collapsed t o  one s ignal  a t  an intermediate chemical s h i f t  ( a l l  absorptions 

i n  the PI@ spectra of Polymers I t o  I11 indicated s l i g h t ,  non-uniform 

upfield s h i f t s  due t o  heating). This supports the proposed existence of 

the amide groups of Polymers I t o  111 i n  both the  & and conforma- 

t ions.  Though the collapae of the Signal pairs a t  80°C can be ascribed 

t o  the establishment of a f a s t  conformational equilibrium a t  t h a t  tempera- 

t u re ,  which i s  associated with a rapid ro t a t ion  about the C-N bond, one 

may not exclude ( a )  t he  presence of only one isomer a t  t h a t  temperature 

a d  (b) other f a c t o r s  which may cause chemical s h i f t  degeneracy of t he  

- a n t i  and s ignals  , 26 
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Poly(N-Alb1 
laurolactams) 

PM Datar 

(m2)9 

CH2-CO 

CH2-N 

-N-CO 

b 
R-Shifts 

CW Data; 

'3, i n  (a216 

13CH2-CH2-CO(b) 

"CH2-CU 

"CH2-CH2-CH2-N (b) 

"CH2-CH2-N (b) 

13CH2-N 

R--1?CH2-N 

R-Shifts 

POLY (N-ALKYL LAUROLACTAMS ) 

Table 1 

PROTON AND  CARBON-^^ w M T A ( ~ )  

N-Me thy1 N-Ethyl 
I I1 

N-Bemyl 
I11 

0.8-1.8 (4 0.9-2.0 ( c )  0.9-2.0 ( c )  
* 

2 . m  t , Ja1.2.38 ( t  J=7 2.23( t Jr7 2.31(t , J=7 2,28( t , J&) 

* 
4.50(d,J=8) 4.61(s) 

R r  H R I  C H 3  R r  Phenyl 
1.11( t , J=7)*1.17(t0 517) 7.15 (c) 

29.1 

24.8, 25.1 

32.6, 32.9 

26.4 

26.9, 28.2 

47.3, 49.7 

33.3, 34.9 

R r  H 

28.8 

24.9 

32.5 

26.3 

26-99 27.3 

44.8, 47.0 

39-91 41.6 

R I  CH 
12.4, 13.7 

13C0-N 172.5 171.6 

* = Rro werlapping sicnals which collapse t o  one a t  8OoC. 
+ w Overlappinpsignals. 
a = Chunicd s h i f t  in ppn . 
b = Tentative assigments subject to  future verification. 
c = Complex multiplet. 
d = Doublet 
q = Quartet 
t = Triplet 
J = Coupliw constant i n  HG. 
s = Singlet 

29.3 

25.3 

33.0 

26.7 

29.3 

45.0, 46.0 

47.1, 49.9 

126.9, 
b 127.1, 
: 137 

172.5 

127.8 
128.3 
128.3 
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S-Y, BABBITT, AND LAPINSKI 

Carbon-13 NIB (CMO 

The CW spectra of the three polymers and especial ly  Polymer 11, 

were more demonstrative of the  magnetic implications of the amide anti - 
_syn isomerism than the correspowling Pm spectra. 

m c l e i  which are  d i r e c t l y  linked t o  the nitrogen of the amide groups 

i n  Polymers I t o  I11 displayed two signals due t o  the anti and s y n  con- 

formations. 

three polymers, only t h a t  of Polymer I exhibited the two s ignals  of the 

- a n t i  and _syn conformations. 

of Polymer III exhibited seven s ignals  i n  the CPR spectra instead of 

the c lass ica l  four signals known for simple monosubstituted benzenes27 e28. 

Upon assigning the seven recorded signals,  the two electronical ly-  

ident ica l  pairs of nuclei, 

sidered responsible for  two pairs of these siRnals. 

s ignals  was assigned to 13C4 and only one signal wns a t t r ibu ted  t o  13Cl. 

The double absorptions of the nuclei  i n  the phew1 group can be consi- 

dered as P consequence of the amide & - _syn isomerism. 

t i v e  assignments f o r  the cent ra l  nine nuclei  i n  the polymer repeat u n i t s  

of I t o  III were made and shown i n  Table 1. None of the carbonyl nuclei 

of the three polymers revealed double signals.  A few unassigned weak 

s ignals  wsre recorded f o r  Polymers I (29.8, 25.9 and 25.7) and I1 (27.8) 

which may be ascribed t o  carbon nuclei  about the chain ends. 

Each of the carbon 

Of  the carbon nuclei  linked t o  the carbonyl groups i n  the 

The six carbon nuclei  of the  phew1 group 

- 13C5 a d  13C2 - 13Cg were con- 

Another pair of 

Other tenta- 

The observed chemical s h i f t  degeneracy of the anti and _sgn s ipna l s  

I t o  111 ht not by t h e i r  revealed by the  carbowl nuclei  of Polymers 

corresponding monomers’ may be at t r ibuted t o  cer ta in  polar and/or steric 

interact ions which are  associated with the presence of these nuclei  i n  

a polymeric s t ructure .  

more pronounced with the increase i n  the s ize  and/or polar i ty  of the 

The ef fec t  of these interact ions seema t o  become 
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POLY ( N-ALKYL LAUROLACTAMS ) 

N-substituents. 

the observed chemical s h i f t  degeneracies of the 13CH2-C0 signals i n  

Polymers I1 and 111, but not Polymer I. 

of the  tentatively-assiRned absorptions of the "CH2CH2-C0 and 

13CH2CH2-N nuclei  i n  Polymers I t o  111, shown i n  Table 1. 

Infrared 

This argument becomes more convincing if we consider 

Similar trends are c h a r a c t e r i s t i c  

Recent ZR studies  of Polymer I indicated a dependence of t he  rela- 

t i v e  absorbance of the N-CH3 asymmetric (1495 cm-l) and symmetric de- 

formation frequencies (1410 tan- ) on the concentration of the and 

a conformations i n  the solid and l iqu id  s ta ted4.  

c rys t a l l i ne  sample of I, a s p l i t  carborryl absorption was observed a t  

1650 tan''. 

amorphous 

could be r e l a t ed  t o  t h e i r  conformation isomerism. 

111 showed a carboqyl absorption a t  1650 cm'l. I n  Polymer 11, t he  

overlapping C-H deformation frequencies of the e thy l  group and the 

methylene groups of the main chain appeared a t  1455, 1415, 1370 and 

190 tan'', 

appeared a t  1452, 1420 and 1355 cm'', 

peaks which may be assigned t o  t h e  C-H s t r e t ch ing  frequency of the aro- 

matic r i n g  o r  both the  aromatic r i n g  and benzylic methylene, were ob- 

served i n  the  spectra of Polymer 111 a t  3030, 3065 and 3085 cm'l, 
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