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Figure !.Calculated heats of formation (kilocalories/mole) of C12H12 
isomers and butatriene using group equivalent techniques. Estimates for 
the xylylenes and hexaradialene do not include cis-butadienoid H-H re
pulsions and residual aromaticity. 

Scheme I 

invokes a direct pathway from 6 to 3 and cannot be ruled out. 
Thus, a series of sequential Cope rearrangements or their 
equivalent as depicted in Scheme I could provide the mecha
nistic connection between 6 and 3. 

Acknowledgments. We wish to thank Dr. Firestone, Pro
fessors Boekelheide, Houk, Schleyer, and Thummel, and 
Messrs. Pat Perkins and John Fritch for useful discussions and 
suggestions and Dr. R. P. Philp, Mr. S. C. Brown (University 
of California at Berkeley), and Mr. P. Meyers (Hewlett-
Packard, Santa Clara) for GC-mass spectral measurements. 
We gratefully acknowledge financial support by the donors 
of the Petroleum Research Fund, administered by the Amer
ican Chemical Society, the American Cancer Society, Cali
fornia Division (Special Grant No. 795), the National Science 
Foundation, the National Institute of Health (CA-20713), and 
a Biomedical Sciences Support grant. 

References and Notes 
(1) E. Weltin, F. Gerson, J. N. Murrell, and E. Heilbronner, HeIv. Chim. Acta, 

44, 1400(1961). 
(2) (a) P. A. Waitkus, E. B. Sanders, L. I. Peterson, and G. W. Griffin, J. Am. 

Chem. Soc, 89, 6318 (1967); (b) E. A. Dorko, ibid., 87, 5518 (1965). 
G. W. Griffin and L. I. Peterson, J. Am. Chem. Soc, 85, 2268 (1963). 
G. Kobrich and E. Heinemann, Angew. Chem., 77, 590 (1965); Angew. 
Chem., Int. Ed. Engl., 4, 594 (1965). G. Kobrich, H. Heinemann, and W. 
Zundorf, Tetrahedron, 23, 565 (1967). F. Gerson, E. Heilbronner, and G. 
Kobrich, HeIv. Chim. Acta, 48, 1525 (1965). R. O. Uhler, H. Shechter, and 
G. V. D. Tiers, J. Am. Chem. Soc, 84, 3397 (1962). 
H. Hopff and A. K. Wick, HeIv. Chim. Acta, 44, 380 (1961); H. Hopff and 
A. Gati, ibid., 48, 1289 (1965); F. Gerson, ibid., 47, 1941 (1964). 

(6) W. Marsh and J. D. Dunitz, HeIv. Chim. Acta, 58, 707 (1975). 
(7) M. J. S. Dewar and G. J. Gleioher, J. Am. Chem. Soc, 87, 692 (1965); E. 

Heilbronner, Theor. ChIm. Acta, 4, 64 (1966); H. E. Simmons in "Progress 
in Physical Organic Chemistry", A. Streitwieser and R. W. Taft, Ed., In-
terscience, New York, N.Y., 1970, p 1. 

(8) For a perfluorinated derivative, see G. Camaggi, J. Chem. Soc. C, 2382 
(1971); R. L. Soulen, S. K. Choi, and J. D. Park, J. Fluorine Chem., 3, 141 
(1973/4); R. P. Thummel, J. D. Korp, I. Bernal, R. L. Harlow, and R. L. 
Soulen, J. Am. Chem. Soc, 99, 6916 (1977). 

(9) A. J. Barkovich and K. P. C. Vollhardt, J. Am. Chem. Soc, 98, 2667 
(1976). 

(10) This pathway is deemed less likely in view of the preferential formation 
of linear bis cycloadducts of hexamethyl[6]radialene: H. Hopff and G. 
Kromany, HeIv. Chim. Acta, 46, 2533 (1963); 48, 437 (1965). 

(11) GC-mass spectroscopy was performed on a Du Pont 492-1 instrument 
interfaced with a Varian Aerograph Model No. 204 equipped with a 20 ft 
X 0.03 in. glass capillary column packed with 3% Dexsil 300 on 80/100 
Gas-Chrom Q, and a Hewlett-Packard GC-MS system 5992A. 

(12) Isolated by preparative GLC on a 10 ft X % in. 20% UCW98 on Chrom W 
DMCS/AW 60/80 glass column and compared with authentic material. 

(3) 
(4) 

(5) 

(13) W. M. Schubert, T. H. Liddicoet, and W. A. Lanka, J. Am. Chem. Soc, 76, 
1929 (1954); S. G. Frankiss, I. Matsubara, J. Phys. Chem., 70, 1543 (1966); 
K. Geibel and H. Mader, Chem. Ber., 103, 1645 (1970); F. Brogli, E. Heil
bronner, E. Kloster-Jensen, A. Schmelzer, A. S. Manocha, J. A. Pople, and 
L. Radona, Chem. Phys., 4, 107 (1974). 

(14) Since the chemical shifts of the olefinic products are very close, an NMR 
sample of pyrolysate with added authentic butatriene was prepared which 
allowed for an unambiguous assignment of the NMR absorptions. 

(15) Attempts to trap 3 with dienophiles have resulted in polymer formation. 
This could possibly be due to linear bis cycloaddition10 leading to unstable 
p-xylylenes. 

(16) S. W. Benson, "Thermochemicat Kinetics", Wiley New York, N.Y., 1968. 
Estimate for AH,0 (Cd(Cd)2) « 2Cd(Cd)(C) - Cd(C2)) = 7.42 kcal/mol. 

(17) E. Kloster-Jensen and J. Wirz, HeIv. Chim. Acta, 58, 162 (1975). 
(18) If one views the 4 - • 3 interconversion as essentially a threefold 1,2-

dimethylcyclobutene -» 2,3-dimethylbutadiene process (AH0 = 3 X -8 .8 
= —26.4 kcal/mol),19 then the maximum "aromaticity" of 4 would be 
expected to amount to ~23 kcal/mol. 

(19) S. W. Benson and H. E. O'Neal, "Kinetic Data on Gas Phase Unimolecular 
Reactions", U.S. Department of Commerce, National Bureau of Standards, 
1970. 

(20) Fellow of the A. P. Sloan Foundation, 1976-1978. 

A. J. Barkovich, E. S. Strauss, K. P. C. Vollhardt* 20 

Department of Chemistry, University of California, and 
the Materials and Molecular Research division 

Lawrence Berkeley Laboratory, Berkeley, California 94720 
Received September 6, 1977 

(8 Helices Formed in Cyclohexane Solution by 
Oligomeric Chains of Alternating D- and L-Valine 
Residues. Relationship between Sequence 
and Prevailing Helical Sense 

Sir: 

Some Boc- and MeO-protected, DL-alternating oligopep
tides derived from L-isoleucine and D-alloisoleucine, and 
having D-alle as the C-terminal residue, have been reported1-2 

to favor in solution, independently of chain length, ^-helical 
conformations3 with the same prevailing sense of twist. In 
principle, this conformational preference might be determined 
by the chiral side chains of identical configuration (S) which 
characterize these oligopeptides, or by the sequence pattern. 
In this communication we present experimental evidence from 
the study of similarly protected DL-alternating oligopeptides 
derived from valine that demonstrates that the sequence of 
residues in these oligomers per se can preferentially stabilize 
one sense of twist over the other. In addition, a correlation 
between the sequence pattern and the preferred handedness 
of the /3-helical conformation is proposed. 

BoC-D-VaI-(L-VaI-D-VaI)3-OMe (I) and Boc-(L-Val-D-
Val)4-OMe (II) were prepared using racemization-free syn
thetic procedures. In cyclohexane solution (25 0C) these two 
oligopeptides exhibit IR, NMR,4 and CD (Figure 1) properties 
similar to those observed1 for Boc-D-aIle-(L-Ile-D-aIle)3-OMe 
(III) and Boc-(L-Ile-D-aIle)4-OMe (IV) under the same 
conditions indicating that the conformational equilibria of 
these four oligomers in cyclohexane are analogous. In partic
ular, since the signs of the dichroic bands (Figure 1) are 
identical, the handedness of the predominant ^-helical con
formations must be the same for all four oligopeptides. There 
is2 some indication that the /3 helices formed by III and IV have 
~4.4 residues per turn. If this, as expected, is the case also for 
the /3 helices formed by the valine oligomers, then the general 
arrangement of the interturn hydrogen bonds in the oligo
peptides can be depicted as in Scheme I. As indicated, if the 
sense of twist is left-handed, the urethane NH of the octa-
peptides contributes to an interturn hydrogen bond, whereas 
that of the heptapeptides does not. The reverse is true, if the 
sense of twist is right-handed. The NMR spectra (360 MHz) 
of cyclohexane solutions of II and IV1 show no apparent NH 
resonance below 6.5 ppm, while that of III4 shows one of the 
NH doublets at a substantially higher field (5.3 ppm), hinting5 
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Scheme I. Arrangement of the interturn hydrogen bonds in /3 helices with different sense of twist for generic Boc- and MeO-protected, DL-alternating 
heptapeptides (a) and octapeptides (b) having the same sequence as the oligopeptides considered in this work. 0 helices with 14- and 16-membered 
hydrogen-bonded rings (~4.4 residues per turn) are considered. 
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Figure 1. CD spectra of oligopeptides I-IV in cyclohexane solution: con
centration, 0.2 mg/mL; T, 25 0C. The ellipticity values represent the molar 
ellipticities of the protected oligopeptides divided by the number of the 
residues. 

at a non-H-bonded urethane NH. Thus the NMR data 
strongly suggest that the predominant sense of twist is left-
handed. Support for this assignment comes from Bayley's6 

preliminary theoretical calculations of CD properties of /? 
helices, where left-handed /3 helices with ~4.4 residues per turn 
have a negative ellipticity band near 200 nm and a positive one 
near 180 nm. The calculated positions relative to the signs of 
these bands coincide with those characterizing the CD spectra 
of Figure 1. Thus, we conclude that the predominant sense of 
twist of the /3-helical conformations of the oligopeptides I-IV 
is left handed. 

In the case of the alternating oligomers of DL-valine the 
preference for one sense of twist can only be determined by the 
sequence of the residues. Since the same left-handed helical 
sense is adopted predominantly by I and II, the preference for 
this particular helical sense must be related to the D residues' 
being in odd positions and the L-residues' being in even posi
tions, these positions being numbered starting from the me-
thoxy end group. It is possible that sequences of this type, with 
a D residue at the C-terminus, preferentially stabilize the 
left-handed sense, because there is one more interturn hydro
gen bond for this sense than for the right-handed sense 
(Scheme I). Ill and IV have the same sequence pattern as I and 
II, and also favor the same handedness. Therefore, it appears 
likely that the sequence, and not the chirality of the side groups, 
is the determining factor for the preferential winding in the 
left-handed sense of the chains of HI and IV. As long as the 

nature of the side chains play only a minor role, if any, in the 
stabilization of a particular /3-helical sense, any similarly 
protected DL-alternating oligopeptide having a D residue at 
the C-terminus should exhibit this preference for a left-handed 
sense for /3 helices in solution. Conversely, if the sequence of 
such oligopeptides terminates with an L residue, the right-
handed sense should be favored. It is interesting to observe that 
a preference for the left-handed sense of twist has been pro
posed7 for the /3-helical conformation of samples of poly(i_-
Glu(OBzl)-D-Glu(OBzl)), and can be inferred from the CD 
spectrum for the /3-helical conformation attributed8 to 
poly(L-AIa-D-VaI). Indeed, on the basis of the arguments of 
Heitz and Spach,7 the same type of relationship between se
quence and the preferred sense of twist as that established for 
protected oligopeptides should also hold for nonprotected po
lypeptides. 
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Reductions with Carbon Monoxide and Water in Place 
of Hydrogen. 1. Hydroformylation Reaction and 
Water Gas Shift Reaction 

Sir: 

When compared with the conventional method of per
forming the hydroformylation reaction, the Reppe modifica
tion of this process1 reveals several features of interest and 
potential importance. In the normal process an olefin is con
verted to the next higher aldehyde or alcohol through reaction 
with carbon monoxide and hydrogen with use of a cobalt or 
rhodium carbonyl catalyst (eq 1). In the Reppe modification 
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