Oxidation of ethane resulted in the formation of C,H;,
C:H;, and C;Hyradicals.

It is suggested that the photoionization mass spec-
trometer will be extremely useful for studying gas-phase
free-radical reactions. Any free radical with an ion-
ization potential less than the argon resonance line en-
ergy (11.83 eV) and a steady-state concentration on the
order of 10-1 mol/l. should be readily detectable in
reacting gases at pressures of a few Torr. Improve-
ments in detector design and pumping speed may im-
prove this sensitivity by several orders of magnitude.
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Molecular Structures of Medium- and Large-Membered
N-Methylthiolactams and the Dynamics of Their
Syn-Anti Interconversion

Sir:

A detailed conformational description of medium-
(8-12) and large-membered ring compounds is poten-
tially available from an approach which combines dy-
namic studies (nmr) and static molecular structure de-
termination (X-ray).! We now report the molecular
structures of the 9- and 13-membered N-methylthio-
lactams (I, n = 7 and 11), as well as activation pa-
rameters and thermodynamic equilibration data for the
syn—anti interconversion (I = II) for the 12- and 13-
membered ring systems. 23

[ e=s /\(I:=S
= CH.
o U
- CH
\CH3 3
I, syn II, anti

The 9-, 12-, and 13-membered N-methylthiolactams
exist as crystalline solids; however, upon dissolution
at room temperature in organic solvents the 12- and
13-membered systems display N-methyl doublet ab-
sorption in the nmr indicative of the equilibration pro-
cess 1 =2 II. The nine-membered ring does not show
this behavior due to the presence of only the syn form.
Using the W., method for this P; 5 Py system,*>b the
activation parameters listed in Table I were determined.

With pure crystalline diastereomers in hand, E,,
AH¥, and AS¥ could also be obtained by direct

(1) J. D. Dunitz, “Conformations of Medium Rings,” Vol. II, J. D.
Dunitz and J. A.Ibers, Ed., Wiley, New York, N. Y., 1968.

(2) For previous work on the conformational properties of medium-
and large-membered N-methyllactams, see: (a) R. M. Moriarty, J.
Org. Chem., 29, 2748 (1964); (b) R. M. Moriarty and J. M. Kliegman,
Teirahedron Lett., 891 (1966); (c) R. M. Moriarty and J. M. Kliegman,
J. Org. Chem., 31,3007 (1966).

(3) R. M. Moriarty, C. L. Yeh, V. A. Curtis, and K. C. Ramey,
Tetrahedron Lett., 4843 (1971),

(4) (a) K. C. Ramey, D. J. Louick, P. W. Whitehurst, W, B. Wise, R.
Mukherjee, and R. M. Moriarty, Org. Magn. Resonance, 3, 201 (1971);
(b) K. C. Ramey, D. J. Louick, P, W. Whitechurst, W. B. Wise, R.
Mukherjee, J. F. Rosen, and R. M. Moriarty, ibid., 3, 767 (1971).
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Table I. Activation Parameters for I = II Obtained by the W1/,
Method and Direct Equilibration
E. AH%
Ring kcal/ kcal/ ASH,
size Solvent mol mol eu Method
12 CeH:NO: 23.3 22.6 3.0 Wiy,
22.8 22.1 6.2 Wi/, + equil
13 CeH;NO: 22.6 22.0 5.0 Wiy,
CeH;NO;
+ CDCl; 21.9 21.2 3.2 Wi/, + equil
16 CsH:;NO: 22.4 21.7 5.0 Wi/,

equilibration.? To obtain these data (Table I) a crys-
talline sample of the 12- or 13-membered compounds
was dissolved at —50°. Only one N-methyl peak oc-
curred in the nmr at this temperature, and the rela-
tionship® In ([Ilo — [L)/{1] — [I) = (ki + k-t
where [I] = concentration of I at time ¢, [IJ, = concen-
tration of I at ¢+ = 0, and [[}. = concentration of I at
equilibrium, was employed in the temperature range
where equilibration took place (5-10°). Comparison
of the results from the two methods reveals excellent
internal agreement (Table I).

Furthermore, determination of the equilibrium con-
stant K = ki/k—-; = II/I at various temperatures yielded

the thermodynamic data listed in Table II. The syn
Table II. Thermodynamic Parameters for I = II=
ng AF273°, AH, AS,
size kcal/mol kcal/mol eu
12 2.60 2.38 —0.8
13 1.43 1.26 —0.6

= Obtained from a plot of log K vs. 1/T.

form is enthalpically favored in both the 12- and 13-
membered systems. As might be expected, the en-
thalpy difference is smaller in the larger ring.

The stereochemistry of both molecules was estab-
lished by single-crystal X-ray analysis. The syn-
N-methylthiocapryllactam crystallizes in the ortho-
rhombic space group Pna2, with a = 16.621 (3), b =
8.729 (2), and ¢ = 6.908 (2) A. The lauryllactam crys-
tallizes in the orthorhombic space group P2,2,2, with
a = 12.266 (3), b = 17.193 (4), and ¢ = 6.435 (2) A.
The structures were solved using the symbolic addition
procedure for noncentrosymmetric crystals’ and re-
fined to final R factors of 0.043 for the capryllactam
and 0.053 for the lauryllactam.

Figures 1 and 2 show the bond lengths and angles
for the 9- and 13-membered syn-N-methylthiolactams,
respectively. Table III presents the torsion angles.

The thioamido group in each case is nonplanar with
a torsion angle of 12.8°. There are four antiperiplanar
conformational units (w ~ =*=180°) in syrn-N-methyl-
thiolauryllactam which would be expected in a ring
of this size. Two antiperiplanar conformational units
were found in 1,6-trans-diaminocyclodecane dihydro-
chloride (ten-membered ring),® four such units were

(5) C. Bushweller, J. W. O’Neil, M. H. Halford, and F. H. Bissitt,
J. Amer. Chem. Soc., 93, 1471 (1971).

(6) A. A. Frost and R. G. Pearson, “Kinetics and Mechanism,” 2nd
ed, Wiley, New York, N. Y., 1965, p 186.

(7) J.Karle and I. L. Karle, Acta Crystallogr., 21, 849 (1966).

(8) E. Huber-Buser and J. D. Dunitz, Helv. Chim. Acta, 44, 2027
(1961).
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Figure 1. Bond lengths and bond angles for N-methylthiocapryl-
lactam. Not intended to show actual molecular shape.

Table III. Torsional Angles for N-Methylcaprylthiolactam
and N-Methyllaurylthiolactam

N-Methyllaurylthiolactam
Angle Deg

N-Methylcaprylthiolactam
Angle Deg

C(13)-N(1)-C(2)-C(3) 12.8 C(9)-N(1)-C(2C(3)  12.8
N(1)-C(2)-C(3)-C(4) —95.7 N(1)-C()-C(3)-C(4) —93.8
C(2)-C(3)-C(4)-C(5) —173.5 C(Q)-C(3)-C(4)-C(5)  90.4
C(3)-C(4)-C(5)-C(6) —57.8 C(3)-C(4)-C(5)-C(6) —100.5
C(4)-C(5)-C(6)-C(7) —67.0 C(4)-C(5)-C(6)-C(7)  57.2
C(5)-C(6)-C(7)-C(8) 159.5 C(5)-C(6)-C(1)-C(8)  62.6
C(6)-C(7)-C(8)-C(9) —74.7 C(6)-C(7)-C(8)-C(9) —82.2
C(7)-C(8)-C(9)-C(10) —78.2 C(7)-C(8)-C(9)-N(1) —48.2
C(8)~C(9)-C(10)-C(11) 169.3 C(8)-C(9-N(1)-C(2)  99.1

C(9)-C(10)-C(11)-C(12)  —62.7
C(10)-C(11)-C(12)-C(13) —55.5
C(11)-C(12)-C(13)-N(1) —178.5
C(12)-C(13)-N(1)-C(2) —102.4

found in azacyclododecane hydrochloride (12-membered
ring),® and six were found in 1,8-diazacyclotetradecane
dihydrobromide (14-membered ring).®

There is an approximate dyad axis (with respect to
torsion angles) in the ring skeleton of the lauryllactam
passing through the center of the N(1)-C(2) bond and
through C(8). There are no antiperiplanar partial
conformations in the nine-membered ring. The tor-
sion angles group around the synclinal conformation
(w ~ £60°) and =100°, which is near the unfavorable
anticlinal conformation (w ~ =*120°). The confor-
mation of syn-N-methylthiocapryllactam is similar to
that of one of the two independent molecules of cyclo-
nonylamine!! which has one synperiplanar torsion angle
of 26°.

The observed conformation of N-methylthiolauryl-
lactam is very similar to the structure of one of the
forms of dimethyl-1-hydroxycyclotridecyl phospho-
nate.}?  Both molecules have a string of nine successive
torsional angles in common. Only the two atoms of
the amido group occupy different relative positions.

Finally the conformation observed for N-methyl-
thiocapryllactam is quite different from that observed
for capryllactam itself (anti in crystal), but it is virtually
identical with that of the protonated capryllactam (syn
in crystal), 1314

(9) J. D. Dunitz and H. P. Weber, Helv. Chim. Acta, 47,1138 (1964).
(10) J.D.Dunitzand E. F. Meyer, Jr., ibid., 48, 1441 (1965).

(11) R.F.Bryan and J. D. Dunitz, ibid., 43,3 (1960).

(12) G.Samuel and R. Weiss, Tetrahedron Lett., 33, 2803 (1969).

(13) F.X. Winkler and J. D. Dunitz, J. Mol. Biol., 59, 169 (1971).

(14) We thank the referee for calling our attention to these two papers.

Figure 2. Bond lengths and bond angles for N-methylthiolauryl-
lactam. Not intended to show actual molecular shape.

Large-membered N-methylthiolactams selectively
crystallize into the enthalpically favored syn diastere-
omeric form, but undergo facile equilibration in solu-
tion at room temperature. This contrasts with the
behavior of the analogous N-methyllactams in which
the anti form predominates at equilibrium.2 We
explain this reversal on the basis of the greater steric
size of sulfur relative to oxygen. !°

(15) For a discussion of the role of the steric effect of oxygen vs.
sulfur in influencing the barrier heights to rotation in amides relative to
thioamides see: W. Walter, E, Schaumann, and J. Voss, Org. Magn.
Resonance, 3,733 (1971).
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Electron Spin Resonance Spectra of Phenol Anion
Radicals Generated in Argon Matrices.
Establishment of Their Ketonic Structure

Sir:

The possibility of generating and investigating the
esr spectra of charged species within an argon matrix
by means of the photoelectron transfer technique has
been well established,! We report in this communica-
tion the esr spectra and their analyses of the phenol
anion radicals generated by this technique.

Shown in Figure 1 is the esr spectrum obtained from
an argon matrix containing Na atoms (0.1 atom %)
and phenol (1 atom %) after it had been irradiated with
yellow light (A > 5500 A) for Smin. Prior to the photo-
irradiation, the matrix exhibited only the esr spectrum
of the Na atoms.? The photoinduced signal in Figure

(1) P. H. Kasai, Accounts Chem. Res., 4, 329 (1971). The details of
the experimental procedures are described in this account also.

(2) C. K. Jen, V. A, Bowers, E. L. Cochran, and S. N. Foner, Phys.
Rev., 126, 1749 (1962).
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