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parison of ROTMS peaks with internal standard hydro
carbon peaks by glpc after work-up of samples with 
pentane and dilute acetic acid, thus avoiding uncon
trolled reactions during glpc analysis. It was secured 
that there was no measurable reaction during or after 
work-up by analysis of test mixtures with a known com
position of ROH, ROTMS, and hydrocarbon in the 
absence and in the presence of excess HMDS. 

Measurements with 4-7e«-butylcyclohexanols (Table 
II) show that an OH group reacts ten times faster in the 

Table II. Pseudo-First-Order Rate Constants" for the 
Reaction of ROH with HMDS6 

ki X 10\ 
ROH OH position sec - 1 

4-/m-Butylcyclohexanol, trans Eq 13.8 ± 1 . 2 
cis Ax 1.4 ± 0 . 1 

Cyclohexanol 90 % eq 17.0 ± 2.0 
4-Methylcyclohexanol, cis 90 % ax 3.3 ± 0 . 3 
2-Norborneol, exo 18.3 ± 2.0 

endo 6.8 ± 0 . 7 
Fenchol, endo 0.07 ± 0.007 

° The second-order rate constants are: k2 = &i/[HMDS]. 
1 Reaction conditions: [ROH] = 0.053 M, [HMDS] = 0.46 M in 
pyridine at 25.0°. 

equatorial than in the axial position, and the rate with 
c/s-4-methylcyclohexanol properly reflects the equilib
rium with predominantly (92 %5) axial OH. The rate 
differences between exo- and encfo-2-norborneol are 
surprisingly smaller than in the cyclohexyl case, but still 
high compared to the practically equal succinate saponi
fication rates.12 That the HMDS reaction is very sen
sitive to steric hindrance by substituents is shown by the 
100-fold rate decrease found for endo-fenchol. While 
it is clear from the cyclohexyl OTMS A value 
and from the cmr shifts that steric interactions are not 
larger for the OTMS than for the OH group in the 
ground state, it is evident from the kinetic measure
ments that the transition states for introduction of a 
trimethylsilyl group are quite sensitive to the steric 
environment of the OH group. 

Acknowledgments. The author is grateful to Dr. W. 
Bremser, Varian GmbH, Darmstadt, and to Dr. R. 
Price, Bruker-Physik AG, Karlsruhe, Germany, for 
cmr measurements. 

(12) W. HUckel and O. Vogt, Justus Liebigs Ann. Chem., 695, 16 
(1966). 

Hans-Jbrg Schneider 
Institut fur Organische Chemie, Universit'dt des Saarlandes 

D66 Saarbr'ucken, Germany 
Received January 20, 1972 

Unexpected Conformational Stability of 
Poly(2 '-azido-2 '-deoxyuridylic acid) 

Sir: 

Although the conformational stability of polyribo
nucleotides and polydeoxyribonucleotides differs mark
edly, no satisfactory theory has been developed for this 
phenomenon. Intramolecular hydrogen bonding 
through the 2'-hydroxyl cannot be the reason for the 
greater stability of polyribonucleotides, because poly-

(2'-0-methyluridylic acid) (poly Um)1 and poly(2'-0-
adenylic acid) (poly Am)2 are thermally more stable than 
poly U or poly A. The most recent variation, viz., 
poly(2'-chloro-2'-deoxyuridylic acid) (poly UCi),3 is 
unusual in that it has no stable secondary structure as a 
single strand, but forms a stable double-stranded com
plex with poly A. We now wish to report on poly-
(2'-azido-2'-deoxyuridylic acid) (poly Uz) which, quite 
unexpectedly, possesses a highly ordered structure both 
in the single- and double-stranded forms. 

Tritylation of 2'-azido-2'-deoxyuridine4 (I) gave II5 

(glass; mp 89-91°; vm^ 2120 cm-1 (N3); pmr (CDCI3) 
5 9.60 (s, 1, N/T), 7.83 (d, 1, / = 8 Hz, H-6), 7.33 (br s, 
15, trityl H), 5.94 (d, 1, J = 3 Hz, H-I'), 5.37 (d, 1, 
J = 8 Hz, H-5), 4.50 (br m, 1, H-3'), 4.12 (br m, 2, H-2' 
and H-4'), 3.55 (br s, 2, H-5'), 3.08 (d, 1, J = 6 Hz, 3'-
OH)). Reaction of II with acetic anhydride in dry 
pyridine for 12 hr at 0° gave III (85%; glass; mp 87-
89°; > w 2120 (N3) and 1740 cm~l (OAc); pmr (CD-
Cl3) 5 9.07 (s, 1, N-H), 7.75 (d, 1, J = 8 Hz, H-6), 7.36 
(br s, 15, trityl H), 6.04 (d, 1, H-I ') , 5.45 (d, 1, J = 8 
Hz, H-5), 5.25 (br m, 1, H-3'), 4.24 (br m, 2, H-2' and 
H-4'), 3.56 (br s, 2, H-5'), 2.24 (s, 3, acetate-CH3)). 
Hydrolysis of III in 80 % HOAc gave IV (8 8 %; prisms; 
mp 189-191°; Vm„ 2120 (N3) and 1750 cm-1 (OAc); 
uv X™*03 260 nm). Phosphorylation of IV by a 
modification of the cyanoethyl phosphate procedure6 

gave 2'-azido-2'-deoxyuridine 5'-monophosphate (V; 
55%; i w 2120 cm-1 (N3); RHVMP) = 2.0 (system A, 
isobutyric acid-1 M NH4OH-0.2 M EDTA, 100:60: 
0.8)). Bacterial alkaline phosphatase digestion of V 
gave I quantitatively. The phosphate V was converted, 
via the morpholidate,7 to 2'-azido-2'-deoxyuridine 
5'-diphosphate (VI; 60%; > w 2120 cm-1 (N8); uv 
X™ 262 nm (*max 10,000); /J, (UDP) = 1.75 (sys
tem A)). Treatment of VI with alkaline phosphatase 
gave I quantitatively. The diphosphate VI was polym
erized by polynucleotide phosphorylase8 (M. luteus) 
with Mg2+ as cofactor. After deproteinization with 
Genetron 113, the polymer was isolated in 30% overall 
yield by gel filtration on a Sephadex G-100 column from 
which the polymer was excluded in the void volume. 
Use of Mn2+ as cofactor9 raised the yield by 10-20%, 
but was not necessary for de novo synthesis. This con
trasts sharply with the behavior of other nucleoside 
diphosphates modified in the 2 ' position,1310 since such 
substrates usually require Mn2+ for polymerization. 

Poly U2 prepared in this manner (as Dr. C. B. Klee 
of this Institute kindly determined) had S20,w = 8.0 S 
(0.1 M NaCl, 0.01 M NaH2PO4, 0.001 M EDTA, pH 
6.5) and gave only I upon hydrolysis with a mixture of 
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alkaline phosphatase, snake venom phosphodiesterase, 
and micrococcal nuclease.11 As required by the ab
sence of a 2'-OH function, poly U2 was completely 
resistant to degradation by pancreatic ribonuclease.12 

K1OH2C 

OR2 „ 3 

I, Ri — R2 — H 

II ,R 1 - (C 6Hs) 3C-JR 2 -H 

In1R1-(C6Hs)3C-JR2-CH3CO 

IV1R1 = HiR2 = CH3CO 

V, R1 = P03
2~; R2 = H 

VI 1 R 1 =P 2 O 6 ^R 2 = H 

The thermal stability of (presumably) single-stranded 
poly U2 is novel ("Figure IA), because withrm = 12°, it 
surpasses Tm = 6° for poly U under comparable condi
tions.13 The shape and midpoint of the phase transi
tion did not depend on the solvent (1.0 M NaCl, pH 
7.5, or 0.01 M MgCl2, pH 7.4), but became less co
operative and markedly elevated (~10°) in the presence 
of 0.1 M MgCl2. Poly U2 formed a 1:1 complex with 
poly A as evidenced by the eutectic point at 50 mol %. 
This complex underwent a smooth cooperative transi
tion with Tm = 59° (Figure IB), not markedly different 
from poly A • poly U.14 All transitions were completely 
reversible. 

Poly U2 is the first example of a stable secondary 
structure in a single-stranded polynucleotide without a 
2'-oxygen function.3 When the 2'-hydroxyl of poly U 
is replaced by chlorine, the single-stranded poly Uc 1 is 
destabilized,3 whereas substitution by the azido group 
has the opposite effect. Since both poly U2 and poly 
Uci form equally stable double-stranded complexes with 
poly A, the predominant stabilizing influence must 
differ in the single-stranded forms. 

The availability of a model as unique as poly U2 

should prove helpful in further studying the nature of 
the forces operative in stabilization, transcription,13 and 
interferon stimulation16 now in progress. 

After this paper was submitted for publication, the 
syntheses and physical properties of poly (2'-fluoro-2'-
deoxyuridylic acid)17 (poly UF) and poly(2'-amino-2'-
deoxyuridylic acid)18 (poly UA) appeared. Surpris
ingly, both poly UF and poly UA are devoid of significant 
secondary structure at temperatures > 2°. The latter 
authors18 were also able to prepare poly U2 but did not 
characterize it further. Thus, while 2'-fluoro, V-
chloro, 2'-amino, and 2'-deoxy substituents decrease 

(11) F. Rottman and K. Heinlein, Biochemistry, 7, 2634 (1968). 
(12) H. Witzel, Progr. Nucl. Acid Res. MoI. Biol., 2, 221 (1963). 
(13) M. Lipsett, Proc. Nat. Acad. Sci. U. S., 46, 445 (1960). 
(14) C. C. Stevens and G. Felsenfeld, Biopolymers, 2, 293 (1964). 
(15) M. J. Chamberlin, Fed. Proc, Fed. Amer. Soc. Exp. Biol, 24, 

1446 (1965). 
(16) C. Colby, Progr. Nucl. Acid Res. MoI. Biol, 11, 1 (1971). 
(17) B. Janik, M. P. Kotick, T. H. Kreiser, L. F. Reverman, R. G.. 

Sommer, and D. P. Wilson, Biochem. Biophys. Res. Commun., 46, 1153 
(1972). 

(18) J. Hobbs, H. Sternbach, and F. Eckstein, ibid., 46, 1509 (1972). 
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Figure 1. (A) Uv absorption-temperature profile of poly U (O) 
and poly Uz (X) in 0.01 M MgCl2, pH 7.6. ATJAI is the ratio of 
absorbance at temperature T over the absorbance at the initial 
temperature. (B) Uv absorption-temperature profile of the com
plex poly A-2 poly U (O) and poly A-poly U, (X) in 0.1 M NaCl, 
0.01 M NaH2PO4, pH 7.5. The inflection at 45° represents melting 
of the triple-stranded poly A • 2 poly U complex while the transition 
at 57° represents melting of the double-stranded poly A-poly U 
complex (also see ref 14). 

the observed secondary structure of polyuridylic acid, 
the 2'-methoxy and 2'-azido substituents alone give rise 
to an increase in secondary structure. 
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Helix-Coil Transition of a Synthetic Polypeptide 
Monitored by Fourier Transform Carbon-13 
Nuclear Magnetic Resonance 

Sir: 

We wish to report the preliminary results of the 
first1 application of 13C nmr to the study of the helix-
coil transition of a synthetic homopolypeptide. We 

(1) (a) Dr. P. A. Temussi of the CNR laboratories in Naples, Italy, 
has obtained some 13C nmr spectra of poly(7-benzyl-L-glutamate) with 
results which seem to be similar to our findings (communicated to the 
6th Conference of the Italian Association of Physical Chemistry, Siena, 
Italy, Dec 1971). (b) NOTE ADDED IN PROOF. These results now ap
pear in: L. Paolillo, T. Tancredi, P. A. Temussi, E. Trivellone, E. M. 
Bradbury, and C. Crane-Robinson, J. Chem. Soc, Chem. Commun., 
335 (1972). 
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