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15 min at 85° Distillation gave dimethylphenyldifluorophos-
phorane?:.2 (10) in 9197 yield. This substance had bp 30° (0.02
mm). The 'H nmr spectrum of a fresh solution in CDCl; at 25°
had six protons at = 820 ppm, Jur = 17.7 ¢ps, Jur = 12.5 cps
(doublet of triplets), and five aromatic protons. For (C¢H;)-
(CHj).P: + 875 ppm, Jur = 2.7 cps. See ?1P nmr data in the
Results section.

The residue from the above distillation solidified and was char-
acterized as (CsH:P); (12), mp 150-155°, 3%'P = +4.3 ppm; the
material was isolated in 85 % yield.

(b) An equimolar mixture of dimethylphenylphosphine and di-
fluorophenylphosphine was kept 5 min at 20°, The mixture was
dissolved in CH,Cl; and the solution was analyzed by ®'P nmr
spectrometry. [t contained unreacted tertiary phosphine and
fluorophosphine and relatively small amounts of the phosphorane,
10, and (C¢H;P)s;, 12, but no other intermediates or by-products.

Reaction with Methyldiphenylphosphine. Equimolar amounts of
the reagents were kept 15 min at 20°. No reaction was detected.
Reaction was complete after 7 days at 20°. The products were
methyldiphenyldifluorophosphorane®:% (11) and (CsH;P); (12).
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The p-nitrobenzoate esters of cis- and trans-bridgehead alcohols in the decalin, hydrindan, and per-
hydropentalene systems have been synthesized stereospecifically and solvolyzed in aqueous acetone.

The observed

rates do not correspond to those expected if both stercoisomers of a given system lead to the same carbonium ion,

and the product composition is a function of the stereochemistry of the starting material.
rupted before completion, recovered p-nitrobenzoate has not isomerized.

When solvolysis is inter-
It is, therefore, concluded that sol-

volysis proceeds by way of conformationally isomeric carbonium ions.

Ithough many studies have been made of bridge-
head carbonium ion reactivity in bridged poly-
cyclic systems,*=® bridgeheads in condensed ring sys-
tems have received scant notice. There are many qual-
itative observations of carbonium ion formation at
such sites,”~ !¢ but information of a quantitative sort
bearing upon the ease of formation of these bridge-
head carbonium ions and their subsequent behavior
is lacking. The greater flexibility of the condensed
rings offers the possibility that they will be of “normal”
reactivity;® interesting stereochemical problems are
raised by the existence of the condensed rings in dia-
stereomeric forms.

An example of this latter point may be found in
the radical chemistry of the decalins. When the tert-
butyl peresters of the decalin-9-carboxylic acids are
decomposed thermally in the presence of high pressures
of oxygen (eq 1),'7 the stereochemistry of the hydro-
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peroxide product is found to be a function of the
stereochemistry of the perester precursor. This ob-
servation implies the brief existence of two discrete
9-decalyl radicals. A similar result was obtained when
the isomeric 9-decalyl carbinyl hypochlorites were de-
composed. In each case, it was suggested that the
distinction between the two radicals is a conformational
one: a cis-like radical relaxing to a trans-like one.

It seemed to us that a search for such behavior
in a carbonium ion process might well prove interesting,
and it is thus that we report in this paper our results
on the solvolysis of bridgehead derivatives of bicyclo-
[4.4.0]decane (decalin), bicyclo[4.3.0Jnonane (hydrin-
dane), and bicyclo[3.3.0Joctane (perhydropentalene).
Our aims are to place these systems in the general
scheme of bridgehead reactivity and to demonstrate
that their reactions are best rationalized by postulating
the intervention of conformationally isomeric carbo-
nium ions.

Results

The synthesis of the compounds studied is outlined
in Chart I and detailed in the Experimental Section.
The necessary alkenes were obtained by literature
methods, ¢ 1:19=21 and their conversion to alcohols

(17) P. D. Bartlett, R. E. Pincock, J. Rolston, W, G. Schindel, and
L. A. Singer, J. Amer. Chem. Soc., 87, 2590 (1965),

(18) F. D, Grecne and B. R, Lowry, J. Org. Chem., 32, 875 (1967).

(19) W. P. Campbell and G. C. Harris, J. Amer. Chem. Soc., 63,
2721 (1941).

(20) E. J. Corey and E. Block, J. Org. Chem., 34, 1233 (1969).

(21) L. A, Paquette and R, W. Houser, J. Amer, Chent. Soc., 91, 3870
(1969).
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Chart I. Synthesis of Condensed Ring p-Nitrobenzoates
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0 OH
C.H,CO.H LiAlH,
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OH OPNB OPNB
1. n-BuLi \
(CHyp)m (CHy), 2 ONBOL (CHom (CHy), (CHym (CH,),
H H H
4,56 7,89 10,11, 12

1,4,7,10, m=n=4
2,5,8,16,m=4,n=3
3,6,9,12,m==n=3

follows routes of Dauben!® and Mousseron.?? This
synthesis has the advantage of involving only reactions
of clearly defined stereochemical course and, when
coupled with Brown’s?® method for the preparation
of p-nitrobenzoates, provides esters free of any trace
of stereoisomeric impurities and of suitable reactivity
for solvolytic studies.

and strictly first-order behavior was observed in both
the buffered and unbuffered solutions. Product anal-
yses were by capillary gas chromatograph, employing
authentic comparison samples, and are reproducible
to £0.5%. A control experiment showed that the
rather large effect of added sodium acetate upon the
product ratio during solvolysis of the c¢is-1-bicyclo-

Table I. Rates of Solvolysis of Condensed Ring Bridgehead p-Nitrobenzoates in 609 Acetone
p-Nitrobenzoate T, °C Buffer ki X 1078, sec! AH¥, keal AS#, eu
cis-9-Decalyl 100 None 22.1 27.6 -11.0
100 NaOAc (2 equiv) 22.2 29.5 ~1.1
trans-9-Decalyl 100 None 6.90 28.1 -9.0
100 NaOAc (2 equiv) 7.05 31.5 +1.8
cis-8-Hydrindanyl 80 None 21.1 27.0 -3.7
80 NaOAc (2 equiv) 22.0 27.1 ~3.6
trans-8-Hydrindanyl 80 None 79.3 26.4 ~2.9
80 NaOQOAc (2 equiv) 85.9 27.8 +1.2
cis-Bicyclo[3.3.0]octyl-1 100 None 0.86 29.9 ~2.1
trans-Bicyclo[3.3.0]- 50 None 61.8 23.1 ~-2.1
octyl-1
Table II. Decalyl Solvolysis Products, 60% Acetone, 100°, Ten Half-Livese

Per cent of-

ooloo e

OH

p-Nitrobenzoate Buffer H H
cis-9-Decalyl None 62.3 33.2 1.4 0.0
NaOAc (2 equiv) 45.0 48.0 4.0 2.0
trans-9-Decalyl None 55.5 36.3 4.8 0.0
NaOAc (2 equiv) 39.0 59.0 2.0 0.0

¢ All percentages +0.59; reproducibility.

The kinetic data and product analyses obtained
upon solvolysis of the p-nitrobenzoates (PNB’s) in
609, aqueous acetone are collected in Tables I-IV.
Data for some model systems are shown in Table V.
All rates were followed for at least three half-lives,

(22) M. Mousseron, M. Mousseron-Canet, G. Phillippe, and JI.
Wylde, C. R. Acad, Sci., Paris, 256, 51 (1963).

(23) H. C. Brown, F. J. Chloupek, and M.-H. Rei, J. Amer, Chem.
Soc., 86, 1248 (1964).

[3.3.0]octyl p-nitrobenzoate results from interruption
of acid-catalyzed hydration of the Al:5-bicyclo[3.3.0]-
octene.

In the hydrindanyl series, pure samples of the alkenes
13 and 14 were not available readily, and the following
approach was employed to distinguish between them
in the solvolysis product mixture. Dehydration of
commercially available 7-hydrindanol (eq 2) with phos-
phorus oxychloride in pyridine (nonequilibrating condi-
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Table II1.

Hydrindanyl Solvolysis Products, 6097 Acetone, 100°, Ten Half-Lives

Per cent of-

on

OH 0l1

p-Nitrobenzoate Buffer H H

cis-8-Hydrindanyl None 73.2 23.5 0.0 3.3
NaOAc (2 equiv) 60.7 30.4 3.5 5.4

trans-8-Hydrindanyl None 45.0 51.3 0.0 3.7
NaOAc (2 equiv) 21.0 76.0 1.0 2.0

« All percentages +0.5%; reproducibility.
Table IV. Bicyclo{3.3.0]octyl Solvolysis Products, 6057 Acetone, 100°, Ten Half-Livese
o Per cent of? .

'y

p-Nitrobenzoate Buffer 3
cis-1-Bicyclo{3.3.0]octyl None 10 2 88
NaOAc (2 equiv) 88 7 5

rrans-1-Bicyclo[3.3.0]octyl None 13 72 15
NaOAc (1.5 equiv) 14 83 3

« All percentages £0.5%7 reproducibility.

Table V. Solvolysis of Some Model
p-Nitrobenzoates in 609, Acetone

ki X 108,  AHTF, ASF
p-Nitrobenzoate 7, °C sec™! keal eu
(CHy),C~ 100 18.5 28.0 —-5.7
(CH;CH),C- 100 99.1 27.3 —-4.0
1-Methylcyclopentyl 80 231 25.9 -6.7
1-n-Butylcyclopentyl 80 - 42.2 25.7 —-6.0
1-Methylcyclohexyl 100 15.3 29.5 -2.0
tions) must give a mixture of 13 and 15. Since 15

is unlikely to be a solvolysis product, that component
of the solvolysis product mixture which is identical

OH
- 2
byt
13 15

with one of the two components of the dehydration
mixture must be 13.

A sample containing 14 was prepared as shown in
eq 3. Gas chromatographic comparison then es-
tablished that 13 only was present in the solvolysis

OH
- (33
Pyt
14 16

product mixture; 14 was shown to be present in the
mixture obtained when the bicyclo[4.3.0]nonenes are
equilibrated®* over P;O; and among the products of
the silane trapping experiments.

A number of attempts were made to ‘“‘trap’” the
carbonium ion intermediates in the solvolyses. The
first of these, solvolysis of the decalyl p-nitrobenzoates

@49 Studies of the equilibrium composition of bicyclo[4.3.0]nonene
mixtures will be reported elsewhere.

b No trans alcohol detected (<0.5%).

in aqueous dioxane in the presence of sodium borohy-
dride, led only to the formation of an orange solid
which is assumed to be the product of reductive coupling
of two ester moieties through the nitro groups.

Samples of the 9-decalyl chlorides and bromides,
rich in either the cis or the trans isomers, were then
prepared by reaction of the alcohols with thionyl chlo-
ride or bromide. Solvolysis of these compounds in
aqueous dioxane or diglyme, with sodium borohydride
present, produced no detectable decalin (as little as
197 could have been found). Similarly, solvolysis of
the halides in the presence of sodium azide yielded
no decalyl azides, although small amounts of alcohol
were formed. Attention was therefore turned to what
promised to be a more efficient method of trapping.

Carey and Tremper®:% have reported that carbo-
nium ions of reasonable stability can be reduced readily
to the corresponding hydrocarbons by hydride transfer
from organosilanes. The cation is generated from the
alcohol and trifluoroacetic acid in a methylene chlo-
ride solution containing the organosilane. This method
was applied to the isomeric 9-decalols and 8-hydrin-
danols with the results presented in Tables V1 and
V1I. No attempt was made to trap the bridgehead
perhydropentalenyl cation because of the limited
amounts of alcohols available.

Discussion

Kinetic Data. The relative rate data collected in
Chart Il show that the condensed ring derivatives of
this study display ““normal” reactivity in comparison
to other simple tertiary systems. This is not surprising,
since the bridgehead cations can be easily constructed
with Drieding models, an observation which implies
the presence of only minimal strain. One notes par-
ticularly the similarity between the decalins and I-

(25) F. A. Carey and H. S. Tremper, J. Amer. Chem. Soc., 90, 2578
(1968).
(26) F. A. Carey and H. S. Tremper, J. Org. Chem., 34, 4 (1969).
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Table VI. Decalyl Carbonium Ion Trappinge
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Per cent of-

®© O P ¢

Alcohol Organosilane
cis 9-Decalol (CsHs)sSiH 75 25 0 0
Et,SiH 70 20 10 0
trans-9-Decalol (CeH;):SiH 60 40 0 0
Et;SiH 35 39 1 25

@ With R;SiH in CF;CO.H-CH.Cl,.

Table VII. Hydrindanyl Carbonium Ion Trappinge®

Per cent of-

ealille«lioalien

Alcohol Organosilane H
cis-8-Hydrindanol (C¢H;)sSiH 95.0 5.0 0.0 0.0 0.0
Et;SiH 83.0 7.0 0.0 6.0 4.0
trans-8-Hydrindanol (C¢Hy)sSiH 90.0 6.0 3.0 0.0 1.0
Et;SiH 62.0 13.0 7.0 3.0 15.0
e With R;SiH in CF;CO,H-CH,Cl,.
methylcyclohexy! and between the hydrindans and 1- Analysis of the condensed ring solvolysis rates in

methylcyclopentyl.

Chart II. Relative Solvolysis Rates of p-Nitrobenzoate
Esters in 609, Aqueous Acetone at 100°
CH, OPNB
(CH,),COPNB (CH,CH,),COPNB Ej
10 5.36 9.51
OPNB OPNB
CH, OPNB
6 }
H H
0.83 1.20 037
OPNB OPNB
: '
H H
9.46 34.0
OPNB OPNB
H H

0.05 176

It is, however, the cis/trans rate ratios for the con-
densed rings which are important to further discussion.
Condon® pointed out in 1951 that if the decalins (or
their derivatives) ionized to a common carbonium ion,
then the relative rates of ionization should be governed
by the relative ground-state energies. This reasoning
only holds true, of course, insofar as the transition
state for ionization resembles the carbonium ion; the
assumption that it does is a common and reasonable
one. %

(27) G. J. Gleicher and P. von R. Schleyer, J. Amer. Chem. Soc., 89,
582 (1967).

these terms is fairly straightforward, since ground-state
energies for such molecules may be estimated readily.
The Arrhenius equation then allows conversion of the
calculated energy difference into an appropriate rate
ratio. The results of such an analysis are given in
Table VIII; the manner in which they are obtained
is outlined below.

Table VIII. Predicted Rate Ratios for Condensed
Ring Solvolyses
AEa, kcis/ktrans kcis/ktrans
System kcale (caled) (obsd)
Decalyl 1.7 18 3.2
Hydrindanyl 0.05 ~1 0.27
Perhydropenta- -6.9 8.8 X 10-¢ 9.8 X 1078
lenyl

@ Ecis - Etrans-

In order to estimate the ground-state energy differ-
ences, two factors must be considered: the intrinsic
energy differences between the isomeric hydrocarbon
skeletons, and the excess energy resulting from inter-
actions involving the bridgehead substituent—in this
case, the PNB ester substituent. It is well known
that cis-decalin is of higher energy than trans-decalin;
both direct equilibration®® and heats of combustion?¢
yield a value of 2.7 kcal/mol for the difference, in
good agreement with the excess of three gauche-butane
interactions in cis-decalin. The ester function in the
trans isomer is axial to only one ring. The A value
for the p-nitrobenzoate group is known to be 1.0
kcal/mol,* and thus 2.0 kcal is to be added to the
energy of the trans isomer and 1.0 kcal to the energy
of the cis. The overall energy difference is then 3.7 —

(28) N, L. Allinger and J. L. Coke, ibid., 81, 4080 (1959).

(29) D. M. Speros and F. D. Rossini, J, Phys, Chem., 64,1723 (1960).

(30) G. F, Hennion and F. X. O’Shea, J. Amer. Chem, Soc., 80, 614
(1958).
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2.0 = 1.7 kcal/mol, favoring the zrans-PNB., Equating
this value with the difference in activation energies
for solvolysis (Table I indicates that the rate difference
is entirely in the activation enthalpy), one estimates
that cis-decalyl PNB should solvolyze about 18 times
more rapidly than the trans isomer at 25°, if both yield
the same carbonium ion.

For analysis of the remaining two systems it is nec-
essary to know the energy of a pseudoaxial group
on a cyclopentane ring, an interaction which has not
been identified unambiguously. The rough estimate
that such interactions average ~909 of their value
in cyclohexanes can be made by comparing the energy
differences between the 1,2-dimethylcyclopentanes?®! and
the cyclopentane-1,2-dicarboxylic acids®? with the values
for their cyclohexyl counterparts. A value of 0.9
kcal/mol has therefore been employed for the PNB
substituent pseudoaxial on a cyclopentane. (Should
the actual value be smaller, the more realistic direction
of error,?® the conclusions of the analysis remain un-
altered.) Coupled with a value of 1.0 kcal/mol for
the excess energy of cis- over trans-hydrindan,?.34 3
and 6.0 kcal/mol for that of frans-perhydropentalene
over the cis isomer,*® this estimate yields the energies
and predicted rate rations in Table VIII.

On comparison of the predicted and observed rate
ratios, one may see that in no case are the observed
ratios as large as those predicted. It follows, there-
fore, that a single carboniuni ion is not the intermediate
in the solvolysis of a given pair of isomers. While
recognizing that such an argument, in view of the
assumptions and inaccuracies necessarily inherent, is
at best indicative, one may feel that as part of the
overall picture of these solvolyses, it is useful. The
suggestions derived from it are confirmed by examina-
tion of the product distributions.

Product Data. Substantial variations are observed
in the product distribution (Tables IT-1V) as a function
of initial stereochemistry when the PNB’s are solvolyzed
in buffered media. Three explanations would seem to
be available for consideration: (1) that solvolysis is
actually bimolecular, the major reaction being an
E2 elimination; (2) solvolysis leads initially to a tight
ion pair, with the product composition being deter-
mined by the position of the gegenion; and (3) un-
encumbered, conformationally distinct cations are the
product determining intermediates.®” Let us consider
each of these possibilities in turn,

It is a dictum of the dichotomy between unimolecular
and bimolecular substitution or elimination that the
rate of the bimolecular process shall be a function
of the concentration of nucleophile or base. Table I
shows that the rates of reaction of the condensed ring
PNB’s are virtually unchanged (5% or less) in the

(31) E. L. Eliel, N. L, Allinger, S. J. Angyal, and G. A. Morrison,
“*Conformational Analysis,” Interscience, New York, N. Y., 1965, p
202.

(32) G. F. Fonken and S. Shiengthong, J. Org. Chem., 28, 3435
(1963).

(33) H. Baumann, N, C. Franken, and H, Mohrle, Tetrahedron, 23,
4331 (1967).

(34) C. C. Browne and F. D. Rossini, J. Phys. Chem,, 64,927 (1960),

(35) K, R. Blanchard and P, von R. Schleyer, J. Org. Chem., 28, 247
(1963).

(36) J. W. Barrett and R. P. Linstead, J. Chem. Soc., 611 (1936).

(37) This suggestion has also been made independently by Grob,
who solvolyzed the 9-chlorodecalins: A. F. Boschung, M. Geisel,
and C. A. Grob, Tetrahedron Leit., 5169 (1968).

presence of a molar excess of sodium acetate, Further-
more, the preferred trans-anti-parallel arrangement #-42
of leaving group and proton obtains between the PNB
leaving group and the remaining bridgehead hydrogen
in all three of the trans isomers studied. The resulting
alkene would be tetrasubstituted, and thus more stable
than any other possibility; yet in no case is that alkene
the major product of buffered solvolysis of a trans-
PNB. Thus it is clear that the bimolecular process
1s not of consequence.

Ion pair or gegenion control of product formation
cannot be definitely ruled out, but there are several
lines of reasoning which suggest that it is probably
unimportant,

In the classic experiments of Goering on ion pair
formation from p-nitrobenzoates,*?>~** these interme-
diates revealed themselves by equilibration of label
in the ester portion of the molecule, and by racemiza-
tion of the alkyl portion. In the condensed rings,
the equivalent of racemization is interconversion of
geometrical isomers. We therefore interrupted sol-
volyses of the decalyl and hydrindanyl PNB's after
one half-life had elapsed, and recovered the unreacted
ester. Proton magnetic resonance analysis (see Ex-
perimental Section) indicated that within the limits of
the method, =359, no isomerization had occurred with
any of the four PNB’s.

This result strongly suggests, but by no means con-
clusively proves, that tight ion pairs are not signifi-
cant product-determining intermediates. The qualifi-
cation is necessary since it is possible that for steric
reasons the p-nitrobenzoate anion may be unable to
move readily from one side of the cation to the
other.*>4* Solvent separated ion pairs are not, of
course, ruled out by this test.

The trapping data of Tables VI and VIl also bear
upon the ion pair question. Reaction of the isomeric
alcohols with trifluoroacetic acid cannot involve ion
pairs, since the leaving group (H.O) is neutral. None-
theless, significant differences in the stereochemistry
of the saturated hydrocarbon are observed within a
given isomeric pair of alcohols. It would seem clear,
then, that some internal factor in the cation is con-
trolling the nature of the products.

A strong tendency toward retention is observed in
these trapping experiments. Probably this can be at-
tributed to rapid hydride transfer from the silanes,
which would limit interconversion of the cis-like and
trans-like cations. Differences in product composition
as a function of the nature of the silane are expected?®
since by virtue of lesser steric interactions, triethyl-
silane is a more efficient hydride donor than triphenyl-
silane. One might also note that the olefin composi-

(38) D. J. Cram in “*Steric Effects in Organic Chemistry,” M. New-
man, Ed., Wiley, New York, N. Y., 1956,

(39) J. F. Bunnett, Angew. Chem., Int. Ed. Engl., I, 225 (1962).

(40) D. Banthorpe, “Elimination Reactions,” Elscvier, New York,
N.Y,, 1963, i

(41) W. Saunders in “The Chemistry of Alkenes,” S. Patai, Ed.,
Wiley, New York, N. Y., 1964,

(42) H. L. Goering, R. G. Briody, and J. F. Levy, J. Amer. Chem.
Soc., 85, 3039 (1963).

(43) H. L. Goering and 1. F. Levy, ibid., 86, 120 (1964).

(44) H. L. Goering, J. T. Doi, and K. D. McMichacl, ibid., 86, 1951
1964).
¢ (45) H. L. Goering and 8. Chang, Tetrahedron Leit., 3607 (1965):

(46) Further experiments designed to discover thc role of ion pairs,
if any, in these solvolyses are in progress.
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tion will also depend somewhat upon the exact reaction
time, for the olefins are equilibrated by the CF;COOH.

Finally, one must consider whether a conformational
distinction between two cations could persist long
enough to be the responsible factor. Interconversion
of two condensed ring cations, or their relaxation
to some common species, would serve to smooth out
the product differences. Such a question can be an-
swered in two ways,

The molecular relaxations which would be required
to equilibrate these types of systems are known to
have rate constants of the order of 10°-10% sec—!,4748
On the other hand, carbonium ion capture by solvent,
or loss of a proton to solvent, is most likely a diffusion-
controlled process, having a rate constant of the order
of 10°-1011 sec—1.4%% Thus reaction of the cations
with solvent may be expected to be much faster than
any process which would serve to remove the con-
formational distinction,

Experimental affirmatives to this question are also
to be found, for example, in the elegant work
of Collins®! on the 1,2,2-triphenylethyl system, and
in the studies of Murr in the diphenylnaphthyl
series.®®% In each of these cases a reasonable ex-
planation requires that the cations be able to maintain
conformational integrity.

Conclusions

Taken altogether, the evidence presented seems to
weigh strongly on the side of conformationally isomeric
cations as intermediates in the solvolysis of these con-
densed ring derivatives. A consistent interpretation
of the rates, the product variations, and the trapping
experiments would seem to require the intervention of
these species. If ion pairs are to play a part, it would
seem to be a minor one, perhaps just a small modifi-
cation of the conformational effect. The cations from
a given system are pictured as differing by retaining
something of the ring geometry of their precursors.
Speculation as to their exact ‘‘shapes” is presently
fruitless since no evidence bearing upon this point is
available aside from the notoriously inaccurate method
of inspection of models. Further experiments designed
to shed more light on these solvolyses are in progress.

Experimental Section

Melting and boiling points are uncorrected. Pmr spectra were
recorded with a Varian A-60 spectrometer. Gas chromatographic
analyses employed a Perkin-Elmer 810 chromatograph with flame
ionization detector; the column was a 150-ft capillary column,
coated with DC-550 silicone. Elemental analyses are by Spang
Microanalytical Laboratories, Ann Arbor, Mich.

Kinetic Measurements. These were carried out employing the
ampoule technique. Duplicate runs were made in all cases; in
no case was the difference greater than £3597, and more than half
the runs agreed to within £2%7.

Product Analyses. Approximately 0.5 g of ester was solvolyzed
in 607 acetone for at least five half-lives, The resulting solution

(47) F. R, Jensen, D. S. Noyce, A. J. Berlin, and C. H. Sederholm,
J. Amer, Chem. Soc., 82, 1256 (1960); 84, 386 (1962).

(48) R. E. Lack and J, D. Roberts, ibid,, 90, 6997 (1968).

(49) S. W. Benson, **The Foundations of Chemical Kinetics,”
McGraw-Hill, New York, N. Y., 1960.

(50) A. A, Frost and R, G. Pearson, “Kinetics and Mechanism,”
2nd ed, Wiley, New York, N. Y., 1961,
(19(2; C. J. Collins and B, M, Benjamin, J. Amer. Chem, Soc., 85, 2519

(52) B. L. Murr and C, Santiago, ibid., 90, 2964 (1968).

(§3) B. L. Murr and L. W. Feller, ibid., 90, 2967 (1968).
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was diluted with water and extracted three times with small portions
of ether. The combined extracts were washed with 1097 sodium
carbonate to remove p-nitrobenzoic acid, with water, with brine,
and dried over anhydrous Na;SOs. The volume of the solution was
reduced to 3-5 ml by carefully distilling off the ether, and the resi-
due was analyzed by gas chromatography. At least two runs were
made, and the results were reproducible to 0.5 7.

Trapping Experiments. These were carried out according to the
procedure of Carey and Tremper.?:2¢ About 1 mmol of the
alcohol was added to 4 ml of methylene chloride containing 2-6
mmol of the organosilane. (Below 2 mmol of silane, trapping is
inefficient; from 2 to 6 mmol, little effect on product composition
is observed.) Trifluoroacetic acid (2 mmol) was added dropwise,
and the solution was allowed to stand at room temperature for
30-40 min with occasional swirling. Excess solid sodium carbonate
was added to neutralize the solution, which was then filtered and
analyzed on the gas chromatograph.

Bicyclo[4.4.01decene was prepared by the method of Christol
and Solladié. !4

Bicyclo{4.4.0]decene Oxide. A solution of 0.2 ml of perbenzoic
acid in chloroform was prepared according to the procedure of
Braun.’4 To this solution is added 19 g (0.145 mol) of bicyclode-
cene in 100 ml of chloroform. The mixture was allowed to stand
for 2 days at 4°, and for 2 days at room temperature. The solu-
tion was then washed four times with 1 N sodium hydroxide, with
water, and with brine. After drying over sodium sulfate, the sol-
vent was stripped on a rotary evaporator. Distillation of the residue
gave 14.2 g (65%) of epoxide, bp 90-93° (14 mm) (lit.'* bp 88°
(16 mm)).

trans-9-Decalol (1). Bicyclodecene oxide (14.0 g, 0.092 mol)
was added dropwise over a period of 2 hr to a suspension of 6.0 g
(0.16 mol) of lithium aluminum hydride in 200 ml of dry tetrahydro-
furan (distilled from calcium hydride). The resulting mixture was
stirred at reflux for 12 hr, then cooled, and saturated sodium sulfate
solution added dropwise until the powdery salts settled out quickly
when stirring was stopped. ‘The salts were filtered off with suction,
the solvent evaporated, and the residue distilled. There was ob-
tained 5.6 g (40%) of alcohol, bp 98-102° (18 mm) (lit.*® bp 60—
61° (1.4 mm)), solidifying to a waxy solid in the receiver.

cis-9-Decalol (4). Bicyclodecene (25.0 g, 0.184 mol) was added
all at once to a suspension of 2.27 g (0.06 mol) of sodium boro-
hydride in 150 ml of dry diglyme contained in a 500-ml three-necked
flask equipped with a mechanical stirrer, pressure-equalizing addi-
tion funnel, and nitrogen inlet and outlet. The system was thor-
oughly flushed with dry nitrogen and a slight positive pressure
maintained. Boron trifluoride etherate (11.5 g, 0.08 mol) was
added dropwise over 1 hr. The resulting solution was stirred at
room temperature for 3 hr. Crushed ice (25 g) was then added,
followed by 40 ml of 3 N sodium hydroxide, and 30 ml of cold 30%]
hydrogen peroxide (added dropwise). Stirring was continued an
additional 2 hr, after which the mixture was poured into water
and extracted with ether. The extracts were washed with water
and brine, and dried over sodium sulfate. Removal of solvent
and distillation gave 10.2 g (60%) of alcohol, bp 118° (18 mm), so-
lidifying in the receiver.

trans-9-Decalyl p-Nitrobenzoate (10). rrans-9-Decalol (3.86 g,
0.025 mol) was dissolved in 75 ml of dry hexane and placed in a
250-ml three-necked flask fitted with a reflux condenser, an injec-
tion septum, and nitrogen inlet. The solution was stirred mag-
netically, and thoroughly flushed with dry nitrogen. »-Butyl-
lithium in hexane (8.6 ml of 2.9 M solution = 0.026 mol) was
injected through the septum. The resulting champagne-colored
solution was heated at reflux for 20 min. The septum was replaced
by a pressure-equalizing addition funnel and a suspension of 4.65 g
(0.025 mol) of freshly recrystallized p-nitrobenzoyl chloride in 70
ml of dry hexane was added over 10 min. The mixture was stirred
at reflux for 3 hr and then filtered while hot to remove the lithium
chloride. Upon cooling the p-nitrobenzoate deposited as pale
yellow crystals. Recrystallization from hexane gave 2.7 g (34%7)
of pure ester, mp 166.0-167.3°.

Anal. Calcd for C17H21NO4:
C, 67.25; H, 6.98.

¢is-9-Decalyl p-Nitrobenzoate (7). The procedure was identical
with that used in the preparation of the trans isomer 10. The yield
was 419, mp 129.0-130.0°.

Anal. Caled for CiyHaNO;:
67.25; H, 7.01.

C, 67.31; H, 6.98. Found:

C, 67.31; H, 6.98. Found: C,

(54) G.Braun, “Organic Syntheses,” Coll, Vol. I, Wiley, New York,
N. Y., 1964, p 431,
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Bicyclo{4.3.0lnonene was prepared according to the method of
Christol and Solladié.!s

Bicyclo{4.3.0]nonene oxide was prepared by the same method
as the decene oxide; since the alkene was impure, the oxide was
also, bp 60-68° (15 mm) (lit.?* bp 70-76° (20 mm)). No attempt
was made at further purification.

trans-8-Hydrindanol (2). This alcohol was prepared by the
lithium aluminum hydride reduction of the epoxide, as above.
The yield was 85 % of product, bp 82-85° (11 mm),

cis-8-Hydrindanol (5). This alcohol was prepared by the same
hydroboration—oxidation sequence used for 4. It had bp 85-88°¢
(4.5 mm). Since gas chromatography indicated that it was only
about 759 pure (contamination with secondary alcohols), it was
further purified by column chromatography on alumina.

trans-8-Hydrindanyl p-nitrobenzoate (11), prepared as above,
had mp 138.5-139.5°. The yield was 65 7.

Anal, Caled for C;¢H1oNOy:  C, 66.42; H, 6.62.
66.56. H, 6.36.

cis-8-Hydrindanyl p-nitrobenzoate (8), obtained in 629 yield,
had mp 100.5-101.5°.

Anal. Calcd for ClsHleO4:
66.58; H, 6.70.

Bicyclo[3.3.0Joctene. The method of Corey® and Paquette?!
was employed. In our hands the yield was 6557 of a substance
having ir and pmr spectra identical with those reported.

Bicyclo[3.3.0]octene Oxide. This epoxide was prepared as
described above. The yield was 789 of epoxide, bp 55-60° (20
mm) (lit.?s bp 92° (74 mmy)).

trans-Bieyelo[3.3.0]octan-1-01 (8). This preparation followed
that of 1. There was obtained 619 product, bp 75-78° (20 mm).
solidifying to a waxy solid in the receiver.

Found: C,

C, 66.42; H, 6.62, Found: C,

(35) A. C. Cope, J. M, Grisar, and P. E, Peterson, J. Amer. Chem.
Soc., 82, 4299 (1960).

cis-Bicyclo[3.3.0Joctan-1-0l (6). This alcohol was prepared by
the hydroboration-oxidation method. Yield was 659 of material
with bp 85-87° (16 mm) which solidified in the receiver. The ir
was identical with that reported by Cope.*

trans-1-Bicyclo{3.3.0]octyl p-nitrobenzoate (12) was obtained in
only 259 yield. It had a pseudo melting point at 135-136° and
decomposed at 235°.

Anal. Caled for C15H17NO4Z
65.48; H, 6.17.

cis-1-Bicyclo[3.3.0]octyl p-nitrobenzoate (9) was obtained in 65
yield and had mp 124.0-124.8°.

Anal,  Caled for Ci:Hi;NO,:
65.59; H, 6.21.

Test for Ion Pair Formation. A 100-mg portion of ester was
refluxed in 15 ml of 6097 acetone for one half-life. The resulting
solution was poured into water and extracted four times with small
portions of ether. The combined extracts were washed with 109
sodium carbonate to remove p-nitrobenzoic acid, with water, and
with brine, and dried over sodium sulfate. After removal of sol-
vent, the entire residue was dissolved in deuteriochloroform and its
pmr spectrum obtained. Spectra of authentic mixtures were em-
ployed for comparison, and it was shown that as little as 5% of
one isomer in the other could be detected.

Resonances important for characterization were the p-nitroben-
zoate absorption which differed by about 4 Hz between isomers
and an absorption at 2.2 ppm in the cis isomers which was entirely
lacking in the trans isomers.

C, 65.44; H,6.22; Found: C,

C, 65.44; H,6.22. Found: C,
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Abstract:

High yields of anisole and 2-methoxyethyl 2-methyl-1-propeny! ether (III) are obtained when a solu-

tion of 5,5-dimethyl-N-nitrosooxazolidone (I) and phenol in 1,2-dimethoxyethane is treated with sodium phen-

oxide.
proposed to account for the results.

A mechanism involving formation of an oxonium salt from solvent and an unsaturated carbonium ion is
Treatment of I with sodium phenoxide in benzene containing phenol yields

a mixture of 2-methyl-1-propenyl phenyl ether (IV) and 2-methallyl phenyl ether (V) which are not interconverted

under the experimental conditions.
results.

he reaction of $5,5-dialkyl-N-nitrosooxazolidones

with alkoxides in alcohols leads to the formation
of a variety of vinyl ethers in good to high yields.?
The present work was undertaken to see if aryl vinyl
ethers could be prepared by a similar route.

When a solution of 35,5-dimethyl-N-nitroso-
oxazolidone (I) in glyme (l,2-dimethoxyethane) was
added to a solution of sodium phenoxide and phenolin
glyme an exothermic reaction took place and approx-
imately the theoretical yield of nitrogen was evolved.

(1) (a) This research was supported by Grant 5552 of the National
Science Foundation and Research Fund 178107 of The Ohio State
University; (b) to whom correspondence should be addressed.

(2) M. S. Newman and A. O. M. Okorodudu, J. Org. Chem., 34,
1220 (1969).

Mechanisms involving a 1,3-hydride shift are proposed to account for the
An isotope effect is apparent in the 1,3-hydride shift.

By suitable work-up and glpc analysis of the products
799 anisole (II), 749 2-methoxyethy! 2-methyl-1-
propenyl ether (III), and only 117, of the expected
2-methyl-1-propeny! phenyl ether (IV) were shown to be
present. The unexpected cleavage of the solvent in
this reaction can be explained by postulating that an
unsaturated carbonium ion (A) is formed from I and
complexes with an ether linkage of glyme to yield the
oxonium salt (B) which is attacked by phenoxide ion to
yield anisole (II) and the vinyl ether III as shown in
Scheme 1.3

(3) When tetrahydrofuran was used as solvent in place of glyme no
comparable ether cleavage was noted. For a similar cleavage of glyme
during aprotic diazotization reactions, see A. T. Jurewicz, J. H. Boyless,
and L. Friedman, J. Amer. Chem. Soc., 87, 5789 (1965).
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