
Vol. 7, No. I ,  January-February 1974 Communications to the Editor 145 

of the ordered polypeptide in the process of destabiliza- 
tion, while in “cold denaturation” this gain is offset and 
exceeded overall by the loss in solvent entropy accompa- 
nying the interaction of the active solvent with the poly- 
peptide backbone. Of course, we do not wish to imply 
here that the concomitant enthalpic changes are not of 
equivalent importance in the thermodynamic features of 
the transition. 

I t  is entirely probable that such double transition will 
be found in other polypeptide-solvent systems. The helix- 
to-coil transition temperatures of polypeptides even with 
intrinsically very stalble ordered conformations can be 
greatly depressed by the presence of a sufficiently strongly 
interacting solvent and, given a wide enough experimental 
temperature range, the lower transition might also be ob- 
servable in many cases. 
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Alkali Metal  Catalyzed Polymerization of Some 
Conjugated Dienes Bearing a n  Allylic Proton 

The alkali metal catalyzed polymerization of 1,3-penta- 
diene in tetrahydrofuran was found to be inhibited com- 
pletely by triethylamine giving the dienyl alkali metal 
compound in place of poly(pentadiene). This observation 
led us to a general method for the preparation of pure 
dienyl alkali metal compounds:l i.e., a conjugated or an 
unconjugated diene isl allowed to react with an alkali 
metal in tetrahydrofuran in the presence of triethylamine. 
In this reaction, an unconjugated diene isomerizes to a 
conjugated one, and the latter reacts with an alkali metal, 
without any gas evolution, to give the dienyl alkali metal 
by the abstraction of a hydrogen atom from the methyl or 
methylene group adjacent to the conjugated system, and 
by the formation of the reduced dimer(s) of the conjugat- 
ed diene. This finding gave us further insight into the 
mechanism of the well-known alkali metal catalyzed poly- 
merization of some conjugated dienes.2 This paper de- 
scribes the results obtained with 1,3-pentadiene and 2,3- 
dimethyl-1,3- butadiene. 

cis- and trans-pentaldiene ( l ) ,  C5H8 (1.5 mol), was al- 
lowed to react with dispersed potassium (1.0 mol) in an 
argon atmosphere in a tetrahydrofuran (2.0 mol)-triethyl- 
amine (1.0 mol) mixture to give crystalline pentadienylpo- 
tassium tetrahydrofuranate (2) ,  CsH7K. C4H80, and a 
mixture of three reduced dimers (3), C10H18, following the 
stoichiometry represented in eq 1.1 

C H O  
I C.H ) ,S 

4CH,-CH=CH-CH=CH2 + 2K A 
1 

(1) H. Yasuda, T. Narita, and H. Tani, Tetrahedron Let t . ,  2443 (1973). 
(2) A. V .  Tobolsky and C. E. Rogers, J .  Polym. Sci., 40, 73 (1959); ibid., 

61,155 (1962). 

Table I 
Polymerization of 1 and 5 a  

Mono- 
Microstructure 

Yield of of Polymer Polymer 
mer Catalyst (%I 1,2 ( % )  1,4 ( % )  3,4 ( % )  

1 Metallic K 83 20 80 0 
2 82 25 75 0 

5 Metallic K 85 35 65 
5 85 34 66 

a Polymerization condition: catalyst, 1 mol % of mono- 
mer; solvent, Hafuran; temperature, 30”; time, 5 days for 
1 and 4 days for 5 .  

The crystalline dienylpotassium 2 behaved as a catalyst 
in the polymerization of 1 to give results quite similar to 
those obtained with a metallic potassium catalyst (Table 
I). Although this fact seems to suggest that  the polymer- 
ization of 1 catalyzed by metallic potassium in the ab- 
sence of amine proceeds via 2 as an initiation species, 
there is no evidence to rule out the possibility that  the 
dimer dianion of potassium forms initially. The reaction 
between 1 and metallic potassium in which triethylamine 
was absent depends on a temperature; lower temperature 
favors the formation of 2 and higher one gives exclusively 
poly(pentadiene). In these cases, dipotassium dianion and 
reduced dimers could not be isolated in crystalline forms. 
These experimental results imply that triethylamine not 
only inhibits the polymerization of 1, but also acts the 
transferrer of hydrogen to result in the formation of re- 
duced dimers (3) .  

The information about the second step in the polymer- 
ization was obtained from the equimolar reaction of 2 
with 1, which was carried out in tetrahydrofuran at -35” 
for 2 hr. Deuteriolysis of this reaction mixture with D20 
gave 6-methyl-1,3,7-nonatriene-9-d1 ( 4 ) 3  in 20% yield, in ad- 
dition to poly(pentadiene). The yield of 4 was about 60% 
in the case of the corresponding crystalline dienylsodium. 
In contrast to this, the reaction carried out at 30” gave ex- 
clusively poly (pentadiene). These experimental results 
suggest that the second step of the polymerization is 
mainly the 1,4 addition of 1 to 2, in good agreement with 
the microstructure of poly(pentadiene) (Table I) ,  and that 
the polymerization proceeds uia 2 with the monoanionic 
active species. 

1 + 2 -  

K-CH,-CH=CH-CH-CHj-CH=CH-CH=CH> 

1” O 

CH 3 

I 
DCH- -CH=CH-CH-CH2-CH=CH-CH=CHI 

4 

2,3-Dimethyl-1,3-butadiene (5), CeH1O (1.0 mol), was 
allowed to react with dispersed potassium (1.0 mol) in a 
tetrahydrofuran (2.0 mol)-triethylamine (1.0 mol) mixture 
in an argon atmosphere a t  0” to  give the dienylpotassium 
(61, C G H ~ K ~ - ~ ( C ~ H ~ O ) ,  as a yellowish powdery substance; 
yield, 60%. The filtrate contained the reduced dimer. 

(3) The structure of 4 is supported by following data: ir 1805, 1002. 896 ( 6  
(CH) of terminal vinyl), 1655, 1601 (u(C=C) of conjugated diene), 949 
(6(CH) of conjugated diene), 965 (d(CH) of trans CH=CH): nmr d 0.46 

CHz-C=) 4.65, 5.58 (m, 7 H, CHz=, -CH=CH-): Anal. Calcd for 
CIOHIJD: 137. Found: 137 (mol wt by msj. 

(d,  3 H, CH3-C-) 1.08 (d ,  2 H, CH2D-C=C) 1.58 (t,  2 H, =C- 
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2,3,6,7-tetramethyl-2,6-octadiene (7),4 C12H22; yield, 50%. 

H,C CH, 
I t  H% 4 CH, 

5 H,C CH, 
H,C=C-C=CH, + K - % K,&C-CkK + 

6 ( 2 )  
HjC CH,, H,jC CH;I /D?O 

DHjC CH,D 
I I  I I  

H,C-C = C-CH2-C=C-CHj 
7 I I  

H,C=C-C=CH, 
8 

The nmr spectrum of 6 shows a single peak at  6 1.4 ppm 
and the deuteriolysis of 6 with D20 gave 2,3-dimethylene- 
butane-1,4-& (8)5 in a quantitative yield. These results 
can be interpreted by assigning the symmetrical struc- 
ture, which is represented in eq 2, for 6. 

The polymerization of 5 was carried out in tetrahydro- 
furan at 30" with 6 or metallic potassium as a catalyst. 
Quite similar results were obtained with both catalysts 
(Table I). These results are also in good agreement with 
those reported by Thus, the initiation reaction in 
the polymerization of 5 with metallic potassium is consid- 
ered to be the formation of 6 and the polymerization pro- 
ceeds uia 6 with the dianionic active species. 

(4) The structure of 7 is supported by following data: ir 1636 (v(C=C)) 889 
(trans 6(CH) of -CH=CH-); nmr 6 1.50 (s, 9 H, CHz-) 1.98 (s, 2 H, 
--CHz-C=); Anal. Found; 166 (mol wt by ms). Calcd for CllH22: 166. 

(5) The structure of 8 is supported by the following data: 6 1.30 (s, 4 H, 
-CHzD) 4.46 (s, 4 H, CHz=); Anal. Found: 84 (mol wt by ms).  Calcd for 
CsHsDz: 84. 

(6) F. SchuC, Bull. Soc. Chim. Fr., 980 (1965). 
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Quasielastic Light Scattering from Nonideal Solutions 
According to current quasielastic light-scattering 

theories on infinitely dilute solutions of macromolecules, 
internal relaxation modes can be observed for sufficiently 
large  molecule^.^-^ These internal molecular relaxation 
terms, however, are coupled to the center-of-mass transla- 
tional diffusion term. Therefore, the slowest relaxation 
time obtainable from light scattered by these macromole- 
cules is predicted to be due to pure diffusion. Recent ex- 
perimental results of quasielastic light scattering from so- 
lutions of D N A ~ T ~  and polyacrylamide7 do not conform to 
this theoretical prediction. In these systems, two relaxa- 
tion times differing by a factor of -20-50 have the pre- 
dicted K2 dependence for translational diffusion. The 
presence of two modes of translational diffusion is as- 
sumed to be due to the highly nonideal nature of the solu- 
tion in which molecular motions are strongly affected by 
neighboring molecules. 

The subject of the present communication is the devel- 
opment of a general form for the autocorrelation function 

(1) R. Pecora, J .  Chem. Phys., 49,1032 (1968). 
(2)  S. Fujime,J.  Phys. SOC. Jap.,  31,1805 (1971). 
(3) H. 2. Cummins, F. D. Carlson, T. J .  Herbert, and G. Woods, Biophys. 

J. ,  9,518 (1969). 
(4) s. Fujime and M. Maruyama, Macromolecules, 6,237 (1973). 
(5) R. L. Schmidt, Biopolymers, 12, 1427 (1973). 
(6) K. S. Schmitz and J. M .  Schurr, Biopolymers, 12,1543 (1973). 
( 7 )  A. M. Jamieson and C. T .  Presley, Macromolecules, 6,358 (1973). 

of the phototube current resulting from light scattered by 
nonideal solutions.s The phototube current autocorrela- 
tion function (Z(O)Z( 7))  is related to the K-space polariza- 
bility of the sample a( K, r )  by 

( I (  O)1(7))  A(a*(ICO)a(K,O)a*(~7)a(ICT)) (1) 
where A is a proportionality constant, T is the time delay, 
and the angular brackets denote the ensemble average. 
Restricting the development to center-of-mass motions, 
we write the excess polarizability of the scattering volume 
centered about the point defined by the vector r in an ar- 
bitrary reference frame as 

a(r , t )  aC6[R,(t)  - rl ( 2) 
.I 

where &(t)  locates the center-of-mass of the J t h  particle 
a t  time t and 6 ( x )  is the Dirac delta function. All particles 
are assumed to have the same polarizability a. 

The Fourier transform of eq 2 is the K-space polarizabi- 
lity 

a ( K f )  = a x  exp[-iK.R,(t)l (3) 
.I 

Substitution of eq 3 into eq 1 gives the expression 

( I ( O ) I ( T ) )  A a 4 x x x z ( e x p  
G H I J  

[-iK*(RJO) - RJO) + R1(7) - R.,(T))]) (4) 

Since interference occurs only when quantities of opposite 
signs are paired, there are only four groups of time-depen- 
dent terms in eq 4; G = J # H = I, G = I # J = H, G = 
J # H # I, and G # H # I # J .  That is, there are N(N 
- 1) terms in the first two groups, N ( N  - 1)(N - 2) 
terms in the third group, and N ( N  - 1)(N - 2)(N - 3) 
terms in the fourth group. Thus, we define the time-de- 
pendent terms for the four groups by 

C , ( r )  E (exp[-iK-(R,(O) - R1(7))1 

C ? ( T )  = (exp[-zK.(R,(O) - RAT))] 
exp[-iK.(R,(~) - R,(0))1) (5a) 

exp[-iK*(R,(~) - R,(O)))) (5d) 

where the subscripts 1, 2 ,  3, and 4 replace the alphabetic 
labels since the molecules are identical. The quantity 
C l ( T )  represents the correlation of two freely diffusing 
particles. In the infinite dilution case or Gaussian approx- 
imation, this term reduces to the square of the single par- 
ticle correlation function 

Cl(7) ----t D1(7)D1*(7) (infinite dilution) (6) 
where 

D1!7) (exp[-iK.(R,(O) - R1(~)II) (7) 

and * denotes the complex conjugate. In more concentrat- 
ed solutions or systems of very large particles, there may 
be a correlation between freely diffusing particles, such as 
an excluded volume effect. Therefore, C l ( r )  defined by eq 

(8) K. S. Schmitz, 165th National Meeting of the American Chemical SO- 
ciety, Dallas, Texas, April 8-13. 


