The presence of intramolecular rotation results in
(T1)cateq ON the basis of (1) and (2) being too small. That
is, the mode of relaxation is less efficient than assumed
in (1).* If molecular reorientation is anisotropic, then
the reorientation time calculated from (2) is too small;
that is, Ti is too long.* Since cyclohexane and cyclo-
pentane possess additional modes of angular reorienta-
tion, e.g., the boat-chair interchange in the former,
which have lifetimes short compared to the relaxation
times observed,” estimates of relaxation times on the
basis of (1) and (2) can be expected to be too short.

The following conclusions may be drawn from exam-
ination of Table I. The results obtained are much more
understandable if a magnetic resonance microviscosity
factor of f = 1/ is assumed for the pure liquids. After
this correction the molecules possessing internal degrees
of freedom may be picked out because their observed/
calculated ratios are significantly greater than 1.
Methyl cyanide, which has been one of the most pop-
ular for internal rotation studies,2? has the least free
rotation. The methyl groups on toluene, xylene,
acetophenone, acetic anhydride, and methyl iodide are
much more free. There does not appear to be internal
rotation in such liquids as acetone and dimethyl sulf-
oxide. This is in accord with the barriers to internal
rotation found for their gas phases (3.07 kcal/mole for
DMSO08 and 0.738 kcal/mole for acetone®) which will
surely be higher in the condensed materials. The effect
of internal degrees of freedom in the cycloalkanes is
apparent.

It therefore appears that a modified Debye-Stokes—
Einstein equation such as (2) describes magnetic res-
onance relaxation in a number of liquids despite the
presence of association and/or anisotropic reorienta-
tion. Internal degrees of freedom exist in several
molecules other than those already studied, and more
complete studies on these should be of interest.

The wider variety of accurately determined deuteron
quadrupole coupling constants which have recently
become available make it clear that the values of these
constants are remarkably invariant to substitution on an
atom S to the one the deuteron is attached to in a given
series of molecules. o« substitution, as would be ex-
pected, has a large effect.

The following conclusions are made.

(1) A wide variety of molecules have reorientation
times described by eq 1 with a microviscosity factor of
12 rather than !/,. This is without recourse to other
assumptions such as anisotropic rotational reorientation.

(2) Rather free internal rotation exists for methyl
groups in several .molecules. This is especially true in
several not yet studied in detail. The presence of rapid
conformational changes in the cycloalkanes effects
intramolecular relaxation processes.

(3) An illustration of the utility of these relaxation
techniques is provided by the various specifically labeled
propyl halides. The results show conclusively that
there is no internal rotation in the chain. Similar
experiments with longer chains should prove fruitful in
studies of hydrocarbon chain flexibility and confor-
mation.

(7) J. W. Emsley, J. Feeney, and L. H. Sutcliffe, ‘“High Resolution
Nuclear Magnetic Resonance Spectroscopy,” Vol. 1, Pergamon Press,
New York, N. Y., 1965, p 575.

(8) H. Dreilzer and H. Dendl, Z. Nawurforsch., 20a, 297 (1965).

(9) 1. D. Swalen and C. C. Costain, J. Chem. Phys., 31, 1562 (1959).
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The Acetolysis of Chiral 1-Adamantylcarbinyl-1'-d
Tosylate. Evidence for a Bridged Intermediate in a
Neopentyl Solvolysis

Sir.

The problem of concerted vs. stepwise mechanisms in
the carbonium ion rearrangements of simple aliphatic
substrates has remained a conundrum for many years,

as exemplified by the exceptional amount of work on
the neopentyl (I) and related systems.?2

<
(CH):CCH,Y <— (CH,),CCHX (CH,),CTCH,CH,
I I \s

D G

- X~
(CH):CH,*X™ — (CH),C——CH, — products
N+ /
Ir \Cll-Is
v

The deoxidation of chiral neopentyl alcohol-1-d,**
the deamination of chiral neopentylamine-1-d,*4 and
the ethanolysis of chiral neopentyl tosylate-1-d’¢ have
all been shown to give rise to chiral 2-methyl-1-butene-
3-d, formed with inversion of configuration. While
these results exclude the intermediacy of a free, long-
lived neopentyl cation, the possibility of a stepwise pro-
cess is still not eliminated, at least for solvolysis. If the
rate-determining step is ion-pair formation (I — II), and
if the ion pair is so ‘“tight” that no racemization (of

.deuterated substrate) occurs, conversion of chiral I to

chiral V can occur without any rate enhancement due
to methyl participation.!

Another problem, still not settled, is whether bridged
structure IV is an intermediate, or merely a transition
state.* IV can, in principle, give rise to both pri-
mary (III) and tertiary (via V or directly) products,
although the latter would be expected strongly to be
favored. Nevertheless, it has been demonstrated re-
cently that the use of the more nucleophilic ethanol-
water solvents gives rise to appreciable (2-10%7) amounts

(1) For a review and a discussion of the pertinent literature, see J. E+
Nordlander, S. P, Jindal, P, von R, Schleyer, R. C. Fort, Jr., J. J, Harper,
and R. D. Nicholas, J. Am. Chem. Soc., 88, 4475 (1966). For more
recent references, see footnote 2,

(2) (a) W. A. Sanderson and H. S. Mosher, ibid., 88, 4185 (1966);
(b) J. R. Owen and W. H. Saunders, Jr., ibid., 88, 5809 (1966); R. L.
Heidke and W, H. Saunders, Jr., ibid., 88, 5816 (1966); (c) W. Kirmse
and K. Horn, Tetrahedron Leiters, 1827 (1967); (d) R. D. Guthrie,
J. Am. Chem. Soc., 89, 6718 (1967); (e) J. E. Nordlander and W, J.
Kelly, J. Org. Chem., 32, 4122 (1967); (f) G. M. Fraser and H. M. R.
Hoffmann, Chem. Commun., 561 (1967); (g) G. Solladie, M. Muska-
tirovic, and H. S. Mosher, ibid., 809 (1968); (h) W. G. Dauben, J. L.
Chitwood, and K. V. Scherer, Jr., J. Am. Chem. Soc., 90, 1014 (1968);
W. G. Dauben and J. L. Chitwood, ibid., 90, 6876 (1968); (i) J. J.
Harper, Ph.D, Thesis, Princeton University, 1968; (k) S. H. Liggero,
Ph.D. Thesis, Georgetown University, 1969; (I) C. W. Woodworth,
Ph.D. Thesis, Princeton University, 1969.

Communications to the Editor



4572

Figure 1. Partial 60-MHz nmr spegctra in benzene (relative to
benzene) of (a) racemic 1-AdCHDOCOC*HOCH;C¢H;; (b)
O-methylmandelate ester of product XIV (R = D); (¢) O-methyl-
mancelate ester of starting alcohol XIV (R = D).

of neopentyl products (III) in the solvolysis of neopentyl
tosylate.?* Unfortunately, the optical fate of these
products (III) has not yet been determined.”®* Inverted
IIT would be expected from I or II, but III with retained
configuration from IV. In the less nucleophilic sol-
vent, acetic acid, practically no neopentyl products are
found.?*»? Of course, neopentyl products are not ex-
pected from t-amyl starting materials.

R
“aH

OTs

VI e

HOAe
NaOAc

Br

VII

In contrast, 1-adamantylcarbinyl (VI, VIII) and 3-
homoadamantyl (VII, IX) systems are interconvertible,
because of offsetting carbonium ion stability and ring-
strain factors.! Acetolysis of both 1-adamantylcar-
binyl tosylate (VI, R = H) and 3-homoadamantyl
bromide (VII) under the same conditions gave the same
mixture of acetate products by kinetic control: ca.
939 3-homoadamantyl acetate (IX, R = H) and 7%
1-adamantylcarbinyl acetate (VIII, R = H). These
systems are thus ideally suited for the study of the pos-
sible intermediacy of bridged ion X. We report here
the stereochemical course of the acetolysis of chiral
1-adamantylcarbinyl-1’-d tosylate (VI, R = D).

Synthesis of VI (R = D) was accomplished by treating
1-adamantanecarboxylic acid?® (XI) with N,N-carbonyl-
diimidazole* followed by the lithium aluminum deu-
teride reduction® of the resulting imidazolide® XII to
[-adamantanecarboxaldehyde-1/-d (XIII). Yeast re-

(3) H. Koch and W. Haaf, Org. Syn., 44, 1 (1964).

(4) H. A. Staab and K, Wendel, Chem. Ber., 93, 2902 (1960); H, A.
Staab, Ann., 609, 75 (1957).

(5) W.G. Brown, Org. Reactions, 6,469 (1959).

(6) H. A, Staab, Angew. Chem. Intern, Ed. Engl., 1, 351 (1962); H.
A. Staab, M, Luking, and F. H. Durr, Chem. Ber., 95, 1275 (1962).

duction®” of XIII led to chiral 1-adamantylcarbinol-

1’-d (X1V),* which was then converted to the tosylate
ester VI (R = D) by the usual procedure.’?

The optical purity of chiral XIV was shown to be
97 + 397 by nmr analysis of its O-methylmandelate
ester.’!!  The partial nmr spectrum of racemic 1-
adamantylcarbinyl-1’-d O-methylmandelate (Figure 1a)
shows two diastereotopic ~-CHDO- signals (6 3.88 and
3.73 ppm, relative to benzene), but only one such signal
(at 6 3.73 ppm) is present in the spectrum of chiral prod-
uct (Figure 1b). By mixing racemic and chiral O-
methylmandelates, it was determined that the nmr
method employed was capable of detecting 39 of dia-
stereomeric impurity.

Acetolysis of chiral tosylate VI (R = D) in the pres-
ence of 0.08 M sodium acetate and 1% acetic anhydride
at 120° for 72 hr yielded a mixture of 79 VIII (R =
D) and 939 IX (R = D). Preparative glpc isolation
of VIII (R = D, Carbowax 20 M, 210°) was followed
by saponification with 25 97 aqueous—methanolic NaOH
to 1-adamantylcarbinol-1’-d (XIV)!? and conversion to
its O-methylmandelate ester.!' The chemical shift of
the single observable carbinyl proton (6 3.73 ppm rel-
ative to benzene) for both the mandelate ester of start-
ing material XIV (Figure Ic) and product XIV (Figure
1b) were identical, thus indicating that the reaction oc-

R

]

OAc
VI

HOAe
~100% HOTs

H
Ac
X
i
N:
(D)_C [ =
— LiAID
1-AdCOOH S I—AdC——-Nf\j —_
THEF -
XI
XII
A yeast % *
1-AdCDO 75— 1-AQCHDOH
XIII X1V

(7) V. E. Althouse, K. Ueda, and H. S. Mosher, J. Am. Chem. Soc.,
82, 5938 (1960).

(8) Mass spectral analysis showed that XIV consisted of 75% dx
and 25 % d» at the carbinyl carbon. We attribute the incorporation of
two deuterium atoms to the partial hydrolysis of hypersensitive imid-
azolide XII to acid XI and subsequent reduction of XI by LiAlD; to
1-AdCD;OH. Formation of this dideuterio alcohol does not, however,
alter the stereochemical consequences of the reported reactions,

(9) H. Stetter, M. Schwartz, and A. Hirschhorn, Chem. Ber., 92,
1629 (1959).

(10) M. Raban and K. Mislow, Tetrahedron Letters, 3961 (1966);
M. Raban and K. Mislow in “Topics in Stereochemistry,” Vol. 2,
E. L. Eliel and N. A. Allinger, Ed., Wiley-Interscience, New York,
N.Y., 1967, p199; J. Jacobus and M. Raban, J, Chem. Educ., 46, 351
(1969).

(11) XIV was esterified by the acid chloride derived from (R)-O-
methylmandelic acid.

(12) Mass spectral analysis of XIV from solvolysis showed the ab-
sence of any deuterium loss.
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cured with complete retention of configuration (within
the limits of the detection method used).

The chirality of the major acetolysis product, 3-
homoadamantyl-4-d acetate (IX, R = D), was not
determined directly. However, this product was re-
arranged to the thermodynamically more stable 1-
adamantylcarbinyl-1-d acetate (VI, R = D) by catalytic
amounts of toluenesulfonic acid in acetic acid.! The
optical purity of this rearranged ester was determined by
saponification, conversion'! to the O-methylmandelate,
and nmr analysis. Again, only the § 3.73 ppm band
was observed. This indicates that both the conversion
of VI(R = D) to IX (R = D) and the latter to VIII
(R = D) had proceeded with optical integrity, both
processes presumably involving inversion at the chiral
center.

This evidence, along with that previously acquired,
strongly implicates bridged ion X as the intermediate in
the reactions described.

According to our present view of solvolysis reactions, !*
simple primary carbonium ions are energetically inac-
cessible in the usual solvents. Only two mechanistic
routes are available for primary solvolysis: k,(solvent
assisted), which would lead only to unrearranged prod-
ucts and ester with inverted configuration, and k, (neigh-
boring group assisted). This is the only available
mechanism which can lead to rearranged products. It
follows then that the observation of any rearrangement
accompanying the solvolysis of a simple, primary sys-
tem can be taken as prima facie evidence for neighboring
group participation. Thus, contrary to our former
tentative conclusion,! the solvolysis of neopentyl tos-
ylate must be assisted by methyl participation.

Acknowledgments. This work was supported by
grants from the National Science Foundation, the
National Institutes of Health (AI-07766), and the
Petroleum Research Fund, administered by the Ameri-
can Chemical Society, and by a grant-in-aid by the
Union Carbide Corporation.

(13) P. von R, Schleyer and C. J. Lancelot, J. Amer. Chem. Soc., 91,
4297 (1969); J. L. Fry, C.J. Lancelot, L. K. M, Lam, R, C. Bingham,
and P. von R. Schleyer, ibid.,, in press; J. L. Fry and P. von R.
Schleyer, ibid., in press; P.vonR. Schleyer, J. L. Fry, L. K. M, Lam,
and C. J. Lancelot, ibid., in press.

Samuel H. Liggero, Reiner Sustmann, Paul von R. Schleyer

Department of Chemistry, Princeton University
Princeton, New Jersey 08540

Received June 4, 1969

Conformational Stability of
Tris(ethylenediamine)ruthenium(II) Ion in Solution
Sir:

The possibility of conformational isomerism in
chelated ethylenediamine ligands has long been
recognized,® and a detailed analysis has been presented
by Corey and Bailar.? They predicted that the most
stable conformer of a A-tris(ethylenediamine)metal ion
would have each ethylenediamine ligand in the §
conformation with the carbon-carbon axis of each

(1) See, for example, A, M. Sargeson, in “Transition Metal Chem-
istry,” Vol. 3, R. L. Carlin, Ed., Marcel Dekker, Inc., New York, N. Y.,
1966, p 303.

(2) E. J. Corey and J. C. Bailar, Jr.,, J. Am. Chem. Soc., 81, 2620
(1959).
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ligand parallel to the C; axis of the complex, in pref-
erence to the N\ conformation in which the carbon-
carbon bond forms an obtuse angle with the C; axis.
This agrees with the observed crystal structures of
Co(en);** in several salts®—® and with that of [Ni(en);]-
(NO;),.¢! In each case the metal-ethylenediamine
rings were observed to be gauche and in the 888 con-
formation for a A configuration about the metal.

For both the & and the M conformations of the
ethylenediamine ligand the hydrogens on both the
amine nitrogen and methylene carbon atoms adopt
approximately axial and equatorial positions and would
be expected to produce a complex proton nmr spectrum.
In particular, in the absence of coupling with the amine
protons, which may be eliminated by deuteration, the
methylene protons would be expected to produce an
AA’BB’ spectrum. Such complex spectra have not
been observed, however, for the trisethylenediamine
complexes of Pt(IV) or Rh(III),® which exhibit single
resonances only several cycles wide, or of Co(IIl)
which gives a single broader line of 18 Hz width.® The
absence of the expected multiplets has been attributed
to rapid conformational equilibration between the &
and A forms during which the axial protons become
equatorial, and vice versa, with the result that the
methylene protons become equivalent.*® There have
been- several recent reports of nmr evidence from the
amine proton spectra for distinct conformations of
Co(en),*+, but there seems to be no case of well-
resolved fine structure for the methylene resonances of a
trisethylenediamine complex.*

The tris(ethylenediamine)ruthenium(II) ion in con-
trast has a methylene proton spectrum with very well
resolved fine structure. Both the 60- and 100-MHz
spectra of the deuterated complex, shown in Figure 1,
have typical AA’BB’ multiplet structures with the
center. of the band 2.55 ppm downfield from DSS. A
detailed analysis of these spectra is in progress. In the
spectrum of the nondeuterated complex two distinct
broad amine proton resonances can be observed in the
region 2.8-4.5 ppm downfield from DSS. Quite
remarkably the multiplet structure of the methylene
protons persists in 0.1 M trifluoroacetic acid solution
up to 100°.

The bromide salt of Ru(en);** used in this study was
obtained from the less soluble [Ru(en);]ZnCl. or
[Ru(en):]ZnBr,'! by dissolving the latter in an acetate-
buffered solution of Na,H,EDTA and adding a con-
centrated solution of NaBr to effect precipitation.
Previous studies of the optical activity!? of Ru(en);?+
and of its electron-exchange reaction® with Ru(en);+
indicate that the complex ion is monomeric and sub-
stitution inert, as are the trisethylenediamine complexes
of Co(III), Rh(III), and Pt(IV). The facile air oxidation
of Ru(en);*t was avoided by preparing solutions in an

(3) K. Nakatsu, Y. Saito, and H. Kuroya, Bull. Chem. Soc. Japan,
29, 428 (1956).
19(451)7)K. Nakatsu, M. Shiro, Y. Saito, and H. Kuroya, ibid., 30, 158
( (5) K. Nakatsu, ibid., 35, 832 (1962).

(6) L. N. Swink and M. Atoji, Acta Cryst., 13, 639 (1960).

(7) H. Elsbernd and J. K. Beattie, unpublished work, 1969,

(8) D.B.Powell and N. Sheppard, J. Chem. Soc., 791 (1959).

(9) 8. T.Spees, Ir., L. J. Durham, and A. M. Sargeson, /norg. Chem.,
5,2103 (1966).

(10) D. M. Fung, J. Am. Chem. Soc., 89, 5788 (1967).

(11) (a) F. M. Lever and C. W, Bradford, Platinum Meials Rev., 8,

106 (1964), (b) T.J. Meyer and H. Taube, Inorg. Chem., 7, 2369 (1968).
(12) H, Elsbernd and J. K. Beattie, ibid., 8, 893 (1969).
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