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ORGANIC PHOTOCHEMICAL
SYNTHESES
Volume |
Edited by R Srinivasan, Thomas J. Watson IBM Re-
search Center
Associate Editor: T. D, Roberts, University of Ar-
kansas

One of the important applications of organic pho-
tochemistry is that it can provide the synthetic or-
ganic chemist with useful pathways to compounds
that he needs as intermediates. The unigue achieve-
ment of this volume is that it makes accessible the
necessary photochemical techniques (which, at pres-
ent, are largely known only to practitioners of or-
ganic photochemistry) by restating many reactions
so that a nonphotochemist can carry them out and
obtain the reported yields.

The 39 photochemical syntheses described here
were run many times, checked independently, and
were chosen on the basis of various criteria:

» because they are illustrative of a route to a class
of useful compounds

» because they describe a very characteristic pho-
tochemical transformation

* because they give recipes to novel structures
which are available only by photochemical
routes and whose chemistry is of general inter-
est.

1971 108 pages $9.95

ORGANIC REACTION

MECHANISMS 1970

An Annual Survey Covering the Literature Dated
December 1969 through November 1970

Edited by B. Capon, University of Glasgow and C. W.
Rees, University of Liverpool

CONTENTS AND CONTRIBUTORS: Carbonium
lons—R. Baker. Nucleophilic Aliphatic Substitution
—I. D. R Stevens. Carbanions and Electrophilic Ali-
phatic Substitution—J. M. Brown. Elimination Reac-
tions—A. C. Knipe. Addition Reactions—R. C. Storr.
Nucleophilic Aromatic Substitution—A. R. Butler.
Electrophilic Aromatic Substitution—A. R. Bultler.
Molecular Rearrangements—R. J. Stoodley. Radical
Reactions—A. Ledwith. Carbenes and Nit-enes—T.
L. Gilchrist. Reactions of Aldehydes and Ketones and
their Derivatives—B. Capon. Reactions of Acids and
their Derivates—B. Capon. Photochemistry—R. S.
Davidson. Oxidation and Reduction—M. J. P. Harger.
Author Index. Subject Index.

1971 691 pages $34.50

KINETIC SYSTEMS
Mathematical Description of Chemical Kinetics in
Solution
By Christos Capellos, Picatinny Arsenal, Dover, New
Jersey and Benon H. J. Bielski, Brookhaven National
Laboratory, Upton, New York

Kinetic Systems contains step-by-step develop-
ments of important mathematical equations used in
solving chemical kinetic systems. The authors treat
each equation rigorously and in detail, eliminating
the need for outside sources of information; at the
same time, the level of presentation is elementary,
making the book completely understandable even to
those who are not fluent in these mathematical oper-
ations.

Following an introduction and a chapter on de-
termining the order of a reaction, the book describes
ten different kinds of reactions, including:

» zero-order reactions

« first-, second-, and third-order reactions
 reactions of nth order

 reversible and consecutive irreversible reactions
* catalytic reactions

 parallel reactions.

A final chapter discusses miscellaneous systems
such as electron transfer reactions in polar solvents,
the effect of Coulombic interactions on reaction ve-
locities, and the effect of ionic strength on the ve-
locity of ionic reactions. Numerous problems sup-
plement the text, and two appendices present infor-
mation on differentials and definite and indefinite
integrals, as well as a table of transforms and origi-
nals and a guide line to the operator method.

1972 160 pages (approx.) $11.95

Available from your bookstore or from Dept. 092—

unteu

WILEY-INTERSCIENCE
a division of JOHN WILEY & SONS, Inc.

605 Third Avenue, New York, N.Y. 10016
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...now made easier,quicker and safer
with INSTA-STARI: Ethers

J. T. Baker announces two new ‘Baker
Analyzed’™ Reagent solvents with special
additives to reduce or totally eliminate in-
duction periods in most Grignard reactions
compared to the use of commercially avail-
able anhydrous ether or THF (tetrahydro-
furan). Hazards usually encountered in the
Grignard reaction are minimized. Both
new products, Insta-Start Ether and
Insta-Start THF require no drying and are
alcohol-free. They are also peroxide-free
and inhibited against subsequent peroxide
formation.

Comparative experiments using Insta-
Start Ether versus ether predried with
sodium, showed Insta-Start Ether to have
the similar induction periods without the
additional hazards and time requirement of

the sodium pre-treatment. In some cases,
the induction period is reduced using
Insta-Start Ether.

'‘Baker Analyzed’ Reagent Insta-Start
THF has been successfully used in the
preparation of several difficult Grignard
reagents, including neopentyl magnesium
chloride and phenyl magnesium chloride,
without requiring the use of initiators or
activators.

A suitability test for Grignard synthesis
is run on each production lot to assure
product performance.

Insta-Start Ether and THF are available
in Safetainer™ containers and 5-gallon
pails for laboratory use and in 55-gallon
drum quantities for production uses. Write
today for a technical bulletin.

JJIBaker

J. T. BAKER CHEMICAL COMPANY, 222 RED SCHOOL LANE, PHILLIPSBURG, N.J. 08865

INSTA-START™—Trademark of Realeo Chemical Company, A Division of National Patent Development

Corporation, New York, New York
*U.S. Pat. Applied for.
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SUPER

CATALOG

Ifyou’re looking for
new ideas and new products,
you need it.

"Chemical Intermediates” is more than a catalog, it's an
idea book. In addition to descriptions of many new and
unusual chemicals and their prices, it gives applications,
chemical structures, reactions, literature references,
toxicity, flammability and handling data. Air Products’
idea book is uniquely organized for logical reference.
Each reaction chart gives acomplete chemical picture of
known reactions that could suggest some new and better
reactions to produce new products.

The book covers over 300 chemicals in 12 sections:
Acetylenic Chemicals and Derivatives, Acid Chlorides
and Acid Fluorides, Amines and Derivatives, Alkyl
Bromides, Catalysts and Catalyst Supports,
Chloroformates, Fluorine Chemicals, Isocyanates,
Ketones, Oximes, Phenoxyethanols and Phenylthio-
ethanols, and Miscellaneous Chemical Intermediates.

It's 168 pages of usefulness to the organic chemist.

To get your idea book, simply fill in the coupon or call
(215) 395-8257 and ask for it.

Air Products and Chemicals, Inc.
Specialty Gases Dept., Chemicals
733 West Broad Street

Emmaus, Pennsylvania 18049

Please send me the idea book,
"Chemical Intermediates.”

Name. .Title
Company Phone Number.
Address
State AT E—

A ant/ C&emicadt-

4
INC

If you had to choose
just one publication...

naturally, it would be the
Journal of the
American Chemical
Society...

This internationally respected biweekly journal
ranks number one in the field of chemistry . ..

Since 1879 it has been presenting significant origi-
nal research that cuts across ALL chemical research
areas. It is the only ACS research journal designed to
appeal across the board.

Despite the highest manuscript rejection rate among
ACS journals, JACS published 6600 pages in 1971 alone.
The JACS subscriber pays less per page than for any
other major journal in the world.

You'll welcome its biweekly offering of both defini-
tive articles and concise, timely communications. You'll
get prompt reports on important results.

To order the Journal of the American Chemical So-
ciety, just complete and return the form below.

American Chemical Society
1155 Sixteenth Street, N.W., Washington, D.C. 20036

Please send me the Journal of the American Chemical Society at
the following subscription rates:

ASC members: Nonmembers:

O U.S. $22.00 O U.S. $66.00

O Canada, PUAS $27.00 O Canada, PUAS $71.00
O Other nations $28.00 O Other nations $72.00
position

address

city

state/country zip

your company

nature of company’s

business

Note: Subscriptions at ACS Member Rates are for personal use only.

O | am an ACS member 0O | am not an ACS member

O Bill me for S

O Payment enclosed in the amount of $ (payable to
American Chemical Society). Payment must be made in U.S.

currency, by international money order, UNESCO coupons or
U.S. bank draft or order through your book dealer. jog
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The synthesis of the title aldehydes has been achieved.
The peroxide-induced decarbonylation of the title alde-
Benzonorbornene was the principal product along with uncharac-
The faster reaction of the anti epimer was most probably a reflection of its greater

preparation of benzonorbornen-7-one was developed.
hydes proceeded faster with the anti epimer.
terized resinous material.

As a sidelight to the synthesis, a convenient new

chain-transfer ability and not a consequence of any pronounced participation in decarbonylation by the t elec-

trons of the aromatic ring.
features.

The ability of the norbornene double bond to partici-
pate in the solvolysis of anff-7-norbornenyl substrates
such as 1 is amply documented.4 A similar rate effect

1 2

exists for the benzonorbornenyl analog 2, though x par-
ticipation by the aromatic ring is here somewhat less
dramatic.4

In earlier work it was found that a radical reaction in-
volving the 7 position in norbornene likewise seemed to
be influenced by the double bond.5 Aldehyde 3 lost
carbon monoxide much more readily than its isomer 4
(eq 1 and 2). It was suggested that 3 utilized x par-
ticipation in the loss of carbon monoxide leading to a
symmetrical, delocalized radical species (eq 3). Since
that time several claims and counterclaims concerning
nonclassicality in 7-norbornenyl and related radicals
have appeared.6

The reactions in eq 1 and 2 were disadvantaged be-

(1) Paper V: J. W. Wilt and E. Vasiliauskas, 3. org. chem., 35, 2410
(1970).

(2) Taken from a portion of the dissertation of E. V., Loyola University
of Chicago, 1970. Some of this material was presented at the Third Great
Lakes Regional Meeting of the American Chemical Society, DeKalb, 111,
June 5-6, 1969, Abstracts of Papers, p 58.

(3) NDEA Fellow, 1966-1969.

(4) cf. H. Tanida, Accounts Chem. Res., 1, 239 (1968).

(5) J. W. Wilt and A. A. Levin, J. Org. Chem., 27, 2319 (1962).

(6) Some claims, strong and otherwise: J. W. Wilt, G. Gutman, W. J.
Ranus, Jr., and A. R. Zigman, ibid., 32, 893 (1967); J. Warkentin and E.
Sanford, 3. Amer. Chem. Soc., 90, 1667 (1968); H. O. Ohorodnyk and D. P.
Santry, ibid., 91, 4711 (1969). The counterclaims: S. J. Cristol and A. L.
Noreen, ibid., 91, 3969 (1969); P. Bakuzis, J. K. Kochi, and P. J. Krusic,
ibid., 92, 1434 (1970).

Chain-transfer reactions with chlorine donors served to demonstrate these reaction
Discussion of the nmr spectra of the aldehydes is also presented.

cause a side reaction leading to polymer cut the yield of
monomeric hydrocarbon badly (2.3% from 3, 8.6%
from 4). It was therefore of interest to prepare the
benzo analog of 3, benzonorbornene-anif-7-carbox-
aldehyde (5), and to study its decarbonylation, par-
ticularly with regard to its syn epimer 6. Polymer-
ization would no longer be a problem and the benzo
analog otherwise should mirror 3 to an extent compar-
able to the ionic situation with 1 and 2 mentioned
above. So perhaps a more meaningful search for x
participation in the formation of a 7-norbornenyl type
radical could be made by such astudy.

Synthesis of Aldehydes.—The synthesis of aldehydes
5 and 6 employed a Wittig reaction between ketone 7

1467
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and the ylide from either methoxymethylene-7 or
p-tolyloxymethylene-8 triphenylphosphorane, formed
in situ from the appropriate phosphonium salt (eq 4).9

+ [ROCH=PPh]3—"u

R = CH3 or />-tolyl

CHOR

()

HCIQ,
ether

8/9

Benzonorbornen-7-one (7) is known,10 but during
this work a convenient new synthesis was developed.1l
The sequence (eq 5) commenced with 101 and pro-
ceeded via two reduction processes2 to 1113 and 12,
respectively. Ketals 11 and 12 readily afforded ke-
tones 7 and 13 upon hydrolysis. Full details are given
in the Experimental Section.

The Wittig reaction in eq 4 proceeded better with
dimsyl sodium# as the ylide-generating base. For ex-
ample, enol ether 8 (R = CH3 was produced in 55%
yield in this way as compared to 20% when n-butyl-
lithium was used. Acidic hydrolysis of enol ether 8 or
9 was best achieved with ethereal perchloric acid.7
Somewhat better yields in these two steps were achieved
with R = CHS3 (55 and 84%) rather than with R =
p-tolyl (49 and 61%).

The acidic hydrolysis of either enol ether 8 or 9 led
to the same product, a mixture of aldehydes 5 (69.8%)
and 6 (30.2%). Extensive efforts by gas-liquid par-
tition chromatography failed to separate the epimers,
although partial resolution was achieved. Careful dis-
tillation also changed the composition somewhat, but
again the epimers were inseparable under any condi-
tions tried.

The preferential formation of 5 rather than 6 upon

(7) S. G. Levine, J. Amer. Chem. Soc., 80, 6150 (1958).

(8) G. Wittig, W. Boll, and K. Krtlck, Chem. Ber., 95, 2514 (1962).

(9) For other Wittig reactions of 7, cf. (a) H. Tanida, Y. Hata, S. lke-
gami, and N. Ishitobi, J. Amer. Chem. Soc., 89, 2928 (1967); (b) R. Mune-
yuki and H. Tanida, ibid., 90, 656 (1968).

(10) (a) P. D. Bartlett and W. P. Giddings, ibid., 82, 1240 (1960), (b)
For a recent ozonation procedure to 7, cf. R. Muneyuki and H. Tanida, J.
Org. Chem., 31, 1988 (1966).

(11) Independently, a similar route was recently reported by P. F. Ranken
and M. A. Battiste, ibid., 36, 1996 (1971). We thank Dr. Battiste for a pre-
print of their work. No detailed discussion of the sequence in 5 is given here
because the sequence mirrors others which have been used and discussed for
the nonbenzo analog.12

(12) cf. (a) K. V. Sherer, Tetrahedron Lett., 5685 (1966); (b) P. G. Gass-
man and P. G. Pape, ibid., 9 (1963); J. Org. Chem., 29, 160 (1964).

(13) Some additional chemistry of ketal 11 and the ketone 13 obtained
from it by hydrolysis will be reported in a subsequent paper of this series.

(14) E. J. Corey and M. Chaykovsky, J. Amer. Chem. Soc., 84, 866
(1962).

Wilt and Vasiliauskas

HaPd
BIN>

(985%)

hydrolysis of the enol ethers may reflect a kinetic favor-
ability for protonation of the enolic double bond from
the syn side (leading to anti aldehyde). Anti pro-
tonation would possibly be hindered by the exo ring
H’s (eq 6). Of course thermodynamic control of the

5 6

product via epimerization through the enol of 5 and 6 is
also conceivable. However, nucleophilic attack on
ketone 7%5and 7-norbornenonelfavors syn approach
kinetically, and later observations (vide infra) imply
that the syn aldehyde 6 would be preferred over the
anti epimer 5 if an equilibrium were established be-
tween them.7 In any case no hydrolytic conditions

(15) K. Tori, K. Aono, Y. Hata, R. Muneyuki, T. Tsuji, and H. Tanida,
Tetrahedron Lett.,, 9 (1966).

(16) J. Warkentin, Can. J. Chem., 48, 1391 (1970). Calculations indicate
that the methano bridge in 7-norbornenone is bent back toward the satu-
rated ethano arm, favoring syn attack on the carbonyl group. cf. S. Yanke-
levitch and B. Fuchs, Tetrahedron Lett.,, 4945 (1967).

(17) The situation is confused, however. Muneyuki and Tanida® re-
ported that catalytic hydrogenation of ethyl benzonorbornenylidene-7-
acetate over platinum oxide (usually kinetic control) gave mainly (87%) re-
duction from the anti side whereas use of palladium on charcoal (usually
thermodynamic control) gave predominantly (60%) syn reduced product.
These are opposite to expectation and perhaps reflect the different type
process (heterogeneous) involved.
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were found that favored 6 over 5 from either enol ether.

Structural Assignments.—The assignment of struc-
ture to these aldehydes rests on the nmr position of the
aldehydic proton doublet in each case. In 6, this
proton is positioned in the deshielding zone above the
plane of the aromatic ring8and the doubler resonance
was at 59.22. In 5, contrariwise, the aldehydic doublet
resonance was at 59.57. Integration of these signals
then allowed a ready determination of the composition
of any mixture isolated by preparative glpc or dis-
tillation. An interesting additional difference between
5 and 6 was the spin-spin coupling constant (J value)
for the doublet, 0.5 Hz for 5 vs. 3.5 Hz for 6. Neither
value changed (<0.3 Hz) upon variable-temperature
nmr studies over the range 25-150°; so the J value
difference presumably is not due to conformational pref-
erences in the aldehydes. Possibly other molecular
features, such as the bridge angle at C-7 and/or the
effective electronegativity of the carbonyl group, differ
in the epimers and cause the disparate J values.19
Further study, including low-temperature nmr studies,
are in progress on this point.

The resonance position of the 7 proton in 5 and 6 de-
serves comment. In a number of 7-substituted benzo-
bornenes, the syn 7 proton is shielded by the aromatic
ring and its resonance position is upheld relative to that
for the anti 7 proton in the epimer.2Z2 The reverse is
true for norbornene and benzonorbornene them-
selves1s2l and for the aldehydes 5 and 6. The assign-
ment in the latter compounds seems secure nonetheless
because the syn 7 proton in 5 is a multiplet (5 2.55)
evidencing coupling with the bridgehead and endo ring
protons as well as the aldehydic proton. In 6, the
anti 7 proton is a doublet tripleted (52.42) as would be
expected for larger coupling to the aldehydic proton
(J = 3.5 Hz) and weaker coupling (J ~ 1.5 Hz) to the
bridgehead protons. It has been claimed2 that the
lower held resonance for syn 7 protons in norbornene is
general, with a reversal expected when anisotropic
functions complicate matters. Presumably the al-
dehyde function in 5 and 6 is not such a complicating
function. The entire rationale for bridge proton reso-
nance positions in 7-substituted norbornenes obviously
needs development.

Decarbonylation and Related Studies on Aldehydes
5 and 6.—Liquid-phase decarbonylation of a neat
aldehyde mixture (5:6 = 69.8:30.2) in the customary
fashionZ using 10-30 mol % di-ferf-butyl peroxide at
180° for 3 hr yielded benzonorbornene (14, 60.6%),
carbon monoxide (85%), ill-dehned higher molecular
weight material (~20%), and recoverable initial al-
dehydes (—15%), asshown ineq 7.

The unusual feature of the process was that the recov-
ered aldehyde mixture was now richer in the syn epimer

(18) L. M. Jackson, “Applications of Nuclear Magnetic Resonance in
Organic Chemistry,” Macmillan, New York, N. Y., 1959, p 125. See also
D. J. Pasto and C. R. Johnson, “Organic Structure Determination,” Pren-
tice-Hall, Englewood Cliffs, N. J., 1969, p 172.

(19) M. Karplus, 3. Amer. Chem. Soc., 85, 2870 (1963).

(20) J. W. Wilt and P. J. Chenier, J. Org. Chem., 35, 1562 (1970), and
references cited therein.

(21) B. Franzus, W. C. Baird, Jr., N. F. Chamberlain, T. Hines, and E. I.
Snyder, 3. Amer. Chem. Soc., 90, 3721 (1968).

(22) A. P. Marchand and J. E. Rose, ibid., 90, 3724 (1968). These auth-
ors also note that the coupling of bridge protons in norbornenes is better
evidence for their stereochemistry than is their chemical shift.

(23) cf. J. W. Wilt, L. L. Maravetz, and J. F. Zawadzki, J. Org. Chem.,
31, 3018 (1966), and references to earlier studies cited therein.
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5+ 6 ~
heat

(5:6 = 37.7:62.3), indicating preferential loss of the anti
aldehyde 5!24 This was confirmed by the results in
Table | obtained from a different initial aldehyde mix-
ture.

Table |

Ratio of Aldehydes 5 and 6 Recovered

after Partial Decarbonylation

Reaction time, mina 5:6 Ratios8
0 73.6:26.4

95 60.4:39.6

141 54.0:46.0

“ At 180°. bDetermineq by nmr analysis of the recovered al-
dehydic mixture isolated VIaglpc at the indicated time.

A similar reaction without peroxide gave only a 1.3%
yield of 14; sc a radical chain process seems implicated
in the formation of the products ineq 7.

In contrast to the peroxide-induced process, decar-
bonylation of aldehydes 5 and 6 with palladium on char-
coal®b at 194° led cleanly to 14 (97.5%). Only small
amounts of unchanged aldehydes and their corre-

sponding acids 15 were otherwise detected (eq 8). This
COOH
P d/charcoal
5+ 6 heat + CO (8)

result reemphasizes the utility of this method as a pre-
parative decarbonylation technique (considerably su-
perior to the peroxide method).

The faster decarbonylation observed under peroxidic
conditions with the anti aldehyde 5 could be the result
of 7 participation as in (eq 3). On the other hand, its
faster decarbonylation could be due to easier chain
transfer with 5 than with 6 (eq 9).

To evaluate these possibilities, the aldehyde mixture
was treated with benzoyl peroxide and carbon tetra-
chloride under reflux at ~77° or with di-ierf-butyl per-
oxide (DTBP) and benzotrichloride at 180°.% The re-
sulting mixture was then treated with methanol and the
products were isolated by gas chromatography (eq 10).
The data from this study are given in Table I1.

The assignment of structure to the esters 16 and 17
was again by nmr evidence. The syn epimer 17 ex-
hibited the methyl singlet resonance at 6 3.38, upfield
as expected8from the methyl resonance of 16 at S3.63.
Integration of these singlets then allowed a determina-
tion of the ester ratio.

The formation of esters 16 and 17 with no apparent
14 indicates that the acyl radicals from the aldehydes
were effectively trapped by the chlorine donors used as

(24) The 5:6 ratio is of course time dependent (see Table 1). However,
in this typical example 5 was some fourfold faster in the process than 6.

(25) J. W. Wilt and V. P. Abegg, J. Org. Chem., 33, 923 (1968).

(26) This technique was used some time ago by S. Winstein and F. H.

Seubold, Jr., 3. Amer. Chem. Soc., 69, 2916 (1947), and more recently by D.
E. Applequist and L. Kaplan, ibid., 87, 2194 (1965).
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5 + 6 _ Bmd./lca,;
or

DTBP/PhOCI3

T rapping Studies on Acyl R adicals 5- and 6

Yield of esters

5:6 16+17,% 16:17
77.2:22.8» 93.5 76.0:24.0"
65.1:34.94 68.9 65.3:34.7'

» Initial ratio of aldehydes 0.3 M in CCh heated under reflux
for 0.5 hr. Benzoyl peroxide was used as the initiator. 4 Initial
ratio of aldehydes 0.68 M in benzotrichloride held at 180° for 4
hr. DTBP was used as the initiator. ' By nmr analysis of
material isolated via glpc.

solvents. The virtual identity of the initial aldehydes
and final ester anti:syn ratios at two widely different
temperatures and with two solvents of somewhat
different chain-transfer abilityZ strongly indicates that
& participation analogous to eq 3 was not a detectable

(27) R. A. Gregg and F. R. Mayo, J. Amer. Chem. Soc., 76, 3530 (1953),
report the following chain transfer constants at 60° in styrene polymer-
ization: CCh, 0.920 X 1Q"2, CeHsCCh, 0.575 X 10~2

Wilt and Vasiliauskas

cause of the faster decarbonylation of 5.8 Rather,
better chain transfer with the anti aldehyde probably
occasioned the different decarbonylation rates as shown
earlier in Table I. Such a difference in chain-transfer
ability between aldehydes has been suggested before®
and in the present case may be related to the different
steric environment of the aldehydic hydrogens in 5
vis-a-vis 6. Available data does not allow, however, a
definitive conclusion in this regard.

Attempts to epimerize the ester mixture 16 + 17
were only partly successful. Heating a mixture of
esters with sodium methoxide in methanol for various
times led to enrichment of the syn epimer 17. How-
ever, recovery of the ester mixture was not quantitative
after each heating period and the anti:syn ratio did not
level off; so the meaning of the syn enrichment is not
immediately clear. If the enrichment is due to a ther-
modynamic preference for the syn epimer, it lends cre-
dence to the aforementioned kinetic preference for the
anti aldehyde formed upon hydrolysis of the enol
ethers.

In summary, the peroxide-induced decarbonylation
of the epimeric benzonorbornene-7-carboxaldehydes
proceeded faster with the anti compound. Evidence
from chain-transfer experiments indicated that this
favorability was not due to any pronounced prefer-
ential decarbonylation of the acyl radical derived from
the anti aldehyde. More probably the favorability
may be ascribed to differences in the chain-transfer
abilities of the epimeric aldehydes. No evidence sup-
porting our earlier suggestion of possible t electron
assistance in such systems was found.

Experimental Section

Melting points were taken on a calibrated Fisher-Johns block.
Boiling points are uncorrected. Infrared spectra (X) were
determined on a Beckman IR-5A instrument. Only prominent
or structurally significant absorptions are listed (in microns).
Nuclear magnetic resonance spectra were taken on a Varian
A-60A spectrometer. Values are given in parts per million (sS)
downfield from internal TMS. The usual splitting abbreviations
are used. Integrations of signals agreed with the structural
assignments. Gas-liquid partition chromatography (glpc) was
done on a Varian Aerograph A-90P chromatograph with helium
gas as carrier. Peaks were disc-integrated. Microanalyses were
performed by Micro-Tech Laboratories, Skokie, 111

1,4-Dichloro-7,7-dimethoxybenzonorbomene (11).— 1,2,3 4-
Tetrachloro-7,7-dimethoxybenzonorbornadiene (10,. 5.0 g, 14.7
mmol) was hydrogenated at 25° over palladium on carbon (5%,
1.0 @) in 95% ethanol (200 ml) containing excess triethylamine
(70 ml).12a After 1.5 hr the filtered solution was evaporated to
dryness. Water and ether (150 ml of each) were added and the
mixture was shaken. The ether phase was separated and
combined with ether washes of the aqueous phase. After a wash
with potassium carbonate solution (10%), the combined ether
solution was dried (MgSOj) and evaporated. The residual oil
was distilled to afford colorless 11: vyield 3.95 g (98.5%); bp
117-118° (0.55 mm); nZd 1.5488; d2s 1.2843; X (neat) 6.84,
8.90-9.03 M(OCHDJ); nmr (CC14) s 7.46 (s, ArH), 3.74 (s, anti
OCH3), 3.40 (s, syn OCH3J), 2.55 (dd, exo ring H S, Jexoendo —
11 Hz, JviC= 4.5 Hz), 1.58 (dd, endo ring H’s). The analytical
sample was collected by glpc at 170° using a column of 20%
Reoplex 400 on 30/60 mesh Gas-Chrom (column R).

Anal. Calcd for CisHu1OCl2: C, 57.16; H, 5.16.
Cc,57.41; H, 5.22.

Found:

(28) It remains a possibility, nonetheless. The acyl radicals may simply
undergo chain transfer with the chlorine donor solvent faster than they lose
carbon monoxide, even though this latter process may still be potentially
faster in the anti epimer 5. If so, however, we feel that the difference be-
tween 5 and 6 in this regard cannot be very large or significant.

(29) J. W. Wilt and H. Philip, J. Org. Chem., 25, 891 (1960).
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7,7-Dimethoxybenzonorbornene (12).-—To a vigorously stirred
solution of ketal 11 (10.0 g, 36.7 mmol) in dry ierf-butyl alcohol
(50 m1) and tetrahydrofuran (210 ml) under nitrogen was added
finely chopped sodium metal (27 g, 1.17 g-atoms).12 The mix-
ture was refluxed for 18 hr. Methanol was next slowly' added
to destroy the excess sodium. The solution was poured into
cold water (1.5 1.) and extracted with ether (3 X 500 ml). The
ether extracts were combined, washed with water, and dried
(MgSCh). Removal of solvent left quite pure 12 as an oil that
slowly solidified. Distillation in a short-path apparatus, bp ca.
90° (0.05 mm), gave colorless product: vyield 7.40 g (99%);
mp 49-50°; X (neat) 6.83, 8.84, 9.08-9.38 n (OCHa); nmr
(CCU) &7.11 (s, ArH), 3.25 (s, anti OCH3), 3.21 (m, bridgehead
H's), 3.02 (s, syn OCH3), 2.07 (m, exo ring H's), 1.07 (m, endo
ring H's). The analytical sample was collected by glpc at 175°
using column R.

Anal. Calcd for CiHi®2 C, 76.44; H, 7.90.
C,76.60; H, 7.94.

I,4-Dichlorobenzonorbomen-7-one (13).— A mixture of ketal
11 (4.97 g, 18 mmol), methylene chloride (100 ml), and concen-
trated sulfuric acid (40 ml) was stirred at 25° for 24 hr. The
methylene chloride phase was separated and combined with
methylene chloride washes of the sulfuric acid phase. The
combined organic material was washed to neutrality, dried
(MgSOO, and evaporated. The yellow oily residue was dis-
solved in pentane and precipitated by chilling to —50°. Ketone
13 formed white needles upon recrystallization from pentane:
yield 3.97 g (99.5%); mp 69-69.5°; X (KBr) 5.51 p (CO); nmr
(CCU) S7.79 (s, ArH), 2.85-1.85 (sym m, ring H ’s).

Anal. cCalcd for ChH8C12: C, 58.18; H, 3.55.
0,57.88; H.3.44.

The yellow 2,4-dinitrophenylhydrazone derivative was best
prepared with the phosphoric acid-ethanol solution of the re-
agent,dmp 220.5-221.5° dec.

Anal. cCalcd for CnHAChIMICh: N,
13.82.

Benzonorbornen-7-one (7).— The ketone was prepared as re-
ported by' Oppenauer oxidation of anif-7-benzonorbornenol.1ta
Small-scale preparation was also effected by oxidation of this
alcohol with chromium trioxide in pyridine. A convenient
alternative method involved hydrolysis of ketal 12 (5 g, 24.5
mmol) with dilute sulfuric acid (5%, 250 ml) for 20 hr at 50°.
The ketone was isolated by extraction with ether (2 X 125 ml).
The water-washed extract was dried (MgSOi) and distilled to
afford pale yellow 7 (3.90 g, 98%, spectra agreed with those
reported10''11).

7-Methoxymethylenebenzonorbornene (8).— Dimsyl sodium
(33 mmol) was prepared in dry dimethyd sulfoxide (15 ml) as
reported.3l1 To this at 20° under nitrogen was added methoxy-
methyltriphenydphosphonium chloride® (11.25 g, 33 mmol, mp
199-202° dec) dissolved in warm dimethyl sulfoxide (45 ml).
The dark red solution of the phosphorane was stirred at 25° for
10 min and then ketone 7 (5.20 g, 33 mmol) was added slowly
with external cooling to maintain the temperature at 30-35°.
The reaction mixture was stirred at 35° for 30 min and at 55° for
16 hr. The cooled solution was added to water (150 ml) and
extracted with pentane (3 X 200 ml). The combined pentane
extracts were washed well with water and brine, dried (MgSCh),
and evaporated. The residual oil was chromatographed through
alumina (100 g) and then distilled to yield 8 as a colorless oil:
vield 3.35 g (54.8%); bp 81-85° (0.08 mm); X (neat) 5.81, 8.21,
8.56-8.72, 8.97 M (C=COCH3); nmr (CCl4) &7.22 (m, ArH),
5.67 (s, vinyl H), 4.09 (m) and 3.52 (m, bridgehead H's), 3.49
(s, OCHJ), 1.95 (m, exo ring H's), 1.25 (m, endo ring H 's). The
analytical sample was collected by glpc at 178° using column R.

Anal. cCalcd for CisH#: C, 83.83; H, T.nS. Found:
C,83.64; H,7.53.

A similar reaction (24-mmol scale) of 7 and the phosphorane
using n-butyllithium (46 mmol) in ether as base gave only a
20.3% yield of 8.

7-p-Tolyloxymethylenebenzonorbornene (9).— Dimsyl sodium
(21 mmol) in dry dimethyl sulfoxide (60 ml) was used to convert
p-tolyloxymethyltriphenylphosphonium chloride8 (8.8 g, 21
mmol, mp 195-198°) to the phosphorane as described above for

Found:

Found:

13.76. Found: N,

(30) L. F. Fieser, “Organic Experiments,” 2nd ed, Raytheon Education
Co., Lexington, Mass., 1968, p 98.

(21) R. Greenwald, M. Chaykovsky, and E. J. Corey, J. Org. Chem., 28,
1128 (1963).

(32) G. Wittig and M. Schlosser, Chem. Ber., 94, 1373 (1961).
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8. Reaction with ketone.7 (3.39 g, 21 mmol) again as described
above, led to enol ether 9, best isolated by glpc (20% SE-30 on
30/60 mesh Gas-Chrom column at 233°) as a pale yellow oil:
yield 2.77 g (49.4%); n2n 1.5985; X (neat) 5.81, S.00, 8.18, 8.99
fi (C=COR); nmr (CCh) $6.77-7.34 (m, ArH), 6.12 (s, vinyl
H), 4.15 (m) and 3.64 (m, bridghead H's), 2.29 (s, ArCH3),
2.04 (m, exoringH'’s), 1.32 (m, endo ring H 's).

Anal. cCalcd for CuHigO: C, 86.99; H, 6.92.
C,87.50; H, 6.75.

anti- (5) and si/n.-Benzonorbornene-7-carboxaldehyde (6).—
Perchloric acid (17 ml of 70% reagent grade material) was added
dropwise to ether (70 ml) with good stirring. Enol ether 8
(4.10 g, 22 mmol) was added and the solution was heated under
reflux for 2 hr. Water (100 ml) and ether (100 ml) were then
added to the cooled solution. The material was vigorously
shaken and the ether layer was separated. The aqueous phase
was extracted with several more portions of ether. The ether
layer and combined extracts were washed several more times
alternately with water and sodium bicarbonate solution and then
dried (MgS0O,). Distillation produced aldehydes 5 and 6 as a
colorless oil: yield 3.23 g (84.4%); bp S8-93° (0.8 mm); X
(neat) 3.60, 3.72, 5.85 M(-CHO); nmr (CCh) 59.57 (d, -CIIO
of 5,3 S 0.5 Hz), 9.22 (d, -CHO of 6, J = 3.5 Hz), 7.07 (m,
ArH), 3.55 (m, bridgehead H's), 2.55 (m, 7-H of 5), 2.42 (par-
tially obscured doublet of triplets, 7-H of 6), 1.95 (m, exo ring
H's), 1.18 (endo ring H 's).

Anal. calcd for CiaHnO: C, 83.69; H, 7.02.
C, 83.70; H, 7.09.

The J values for the aldehydic protons were unchanged over
the temperature range 25-148°. The doublet of triplets for the
7-H of 6 hasJ values of 3.5 and ca. 1.5 Hz.

The 2,4-dinitrophenylhydrazone upon precipitation had mp
180-190° dec. Repeated recrystallization from ethanol-ethyl
acetate apparently fractionated the mixture to give an analytical
sample, mp 206-209° dec, although which epimeric derivative
was obtained is unknown.

Anal. Calcd for CisHicOJSu: N, 15.90. Found: N, 15.82.

Analogous hydrolysis treatment of enol ether 9 gave a 67.3%
yield of 5 and 6. Analysis of the aldehyde mixture from either
enol ether by integration of the nmr signal at 5 9.57 and 9.22
gave a ratio 5:6 of 2.3:1. Separation of the mixture at 180-
200° was unsuccessful on the following glpc columns: Reoplex
400, Flexol 8N8, SE-30, neopentyl glycol succinate, Carbowax
20M, and Apiezon L. Partial resolution was achieved at 185°
with an Apiezon N column.

The aldehydes were substantially oxidized to acids at 25° upon
exposure to air as a thin film for 3 days. The unoxidized alde-
hydes were decanted from the crystalline acid(s). From an initial
mixture of 5:6 of 68.3:31.7 the recovered aldehydes were almost
unchanged in proportion by nmr analysis (5:6, 69.3:30.7).
The crystalline material was taken up in dilute sodium hydroxide
(10%), washed with ether, and then precipitated by the addition
of dilute hydrochloric acid. The crude product, mp 147-151°,
was recrystallized several times from hexane to give white crystals
of benzonorbornene-anii-7-carboxylic acid: mp 153-154°; X
(Nujol mull) 5.92 ju (COOH); nmr (CCU) 510.58 (s, COOII),
7.14 (s, ArH), 3.65 (m, bridgehead H's), 2.85 (close pentuplet,
(7-H), 2.17 (m, exo ring H's), 1.25 (m, endo ring I1's).

Anal. cCalcd for CiH,202. C, 76.57; 11, 6.43.
C,76.74; H,6.53.

The anti nature of the acid is a provisional assignment based
upon the pentuplet nature of the syn 7 proton. This is the
expected splitting for this proton because of probable coupling
with the bridgehead and endo ring protons. Presumably the syn
acid was fractionated away upon the recrystallizations.

Peroxide-Induced Decarbonylation of Aldehydes 5 and 6.—
A known mixture of aldehydes was mixed with freshly distilled
di-ierf-butyl peroxide (10 ir.ol %) and heated in a gas-collecting
system under helium. Two additional increments of peroxide
(10 mol % each) were added to the mixture by syringe through a
septum cap at ~1-hr intervals when gas evolution slackened.
Several reactions were conducted at 180 * 1° and for 3-4 hr.
The collected gas was analyzed for carbon monoxide via glpc on a
molecular sieves 13X column at 25°, using calibration data from
injected authentic carbon monoxide. The brown oil remaining
after reaction was also analyzed via glpc. Benzonorbornene
(14) and unreacted aldehydes 5 and 6 were the only volatile
products. Distillation of the reaction material again gave only
these products along with a resinous residue. A typical reaction
on 0.3858 g (2.2 mmol) of aldehydes (5:6, 69.8:30.2) gave carbon

Found:

Found:

Found:
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monoxide (42.7 ml at STP, 85%), benzonorbornene (14, 0.1958
g, 1.4 mmol, 60.6%), unreacted aldehydes (~15%, 5:6, 37.7:
62.3), and uncharacterized distillation residue (~20% ).

Other reactions were sampled by syringe through the septum
at various intervals and the aldehyde composition was ascertained
by nmr analysis (see Table I).

A reaction carried out as above but without the di-ierf-butyl
peroxide afforded 14 in small amount (1.3%). The aldehvdic
mixture was essentially unchanged otherwise.

Palladium-Promoted Decarbonylation of Aldehydes 5 and 6.—«=
Aldehydes 5 and 6 (0.4935 g, 2.9 mmol) and palladium on char-
coal (5%, 0.495 g) were heated at 194 + 1° for 3.5 hr, at which
time the evolution of carbon monoxide effectively ceased.
Analysis of an aliquot of the residual oil by glpc indicated the
presence of 14 (97.5%) and unreacted aldehydes. Micro-
distillation of the remainder afforded 14, with a distillation
residue comprised mainly of acids 15. Benzonorbornene was
isolated by distillation in 91.5% vyield.

Reaction of Aldehydes with Carbon Tetrachloride and Benzo-
trichloride.— An aldehydic mixture (5:6, 77.2:22.8, 0.5226 g,
3.0 mmol), together with recrystallized benzoyl peroxide (0.07 g,
0.3 mmol) and purified carbon tetrachloride (10 ml), were heated
at reflux under nitrogen. After 30 min another 0.07 g of peroxide
was added and heating was continued for another 30 min. Dry
methanol (6 ml) was then added to the cooled solution and the
material was again heated at reflux for 20 min. Water was
added to the cooled solution and the carbon tetrachloride phase
was separated. The material was washed with sodium bi-
carbonate solution (saturated, 10 ml) and water until it was
neutral. The dried solution (MgSOr) was distilled free of
solvent and chloroform [5 7.42 (s)] formed in the reaction. The
oil remaining was separated by glpc on column R at 190° into
methyl benzoate (from the peroxide) and methyl benzonorborn-
ene-anti- and -s;/n-7-carboxylates (16 and 17, respectively, 0.57 g,
93.5%). The ratio of 16:17 was 76.0:24.0 by nmr analysis.
The esters were obtained asa colorless oil : X (neat)5.78/i (C=0);
nmr (CCh) 57.09 (s, ArH), 3.64 (s, OCH3 of anti ester 16),
3.56 (m, bridgehead H's), 3.38 (s, OCH3of syn ester 17), 2.68
(m, 7-H), 2.05 (m, exo ring H's), 0.95 (m, endo ring H's).

Anal. calcd for CiHnh02: C, 77.20; H, 6.98. Found:
C,77.07; H, 7.13.

The esters were separable on a 0.25 in. X 6 ft Apiezon N
column (20% on 30/60 mesh Gas-Chrom) at 180°.

Reaction of the aldehydes (5:6, 65.1:1.34.9, 0.5841 g, 3.4

Wilt and Vasiliauskas

mmol), di-ierf-butyl peroxide (0.05 g, 0.3 mmol), and freshly
distilled benzotrichloride (5 ml) was carried out under helium at
180 + 1° for 4 hr. Additional peroxide (0.05-g increments)
was added at 75-, 83-, 64-, and 65-min intervals. The reaction
was treated with methanol and processed as described above.
The products observed were some tolane tetrachloride (from the
solvent, mp and lit.33 mp 160-161°), esters 16 and 17 (68.9%,
16:17, 65.3:34.7) and unidentified products (~25% ) possessing

carbonyl and monosubstituted aromatic functions (X 5.75-
5.78, 13.4, and 14.4 n).
Attempted Epimerization of Esters 16 and 17.— Sodium

methoxide (4.0 mmol) was freshly prepared in methanol (3 ml).
Esters 16 and 17 (80:20, 0.83 g, 4 mmol) were added in methanol
(2 ml) and the solution was heated under reflux for various
times. The cooled solution was diluted with water and quickly
extracted with ether. The ether extracts were washed, dried
(MgSO0i), and evaporated. The remaining oil was then analyzed
by nmr to obtain the ratio of esters (OCH3resonances). After
each determination the esters were heated for an additional
period and processed again. The data are given in Table I11.

Table I1II

Epimerization of Esters 16 and 17

Reaction time,” hr 16:17 Ratio Recovery, %
0 80:20
0.5 79:21 91.7
3.5 71.5:28.5 88.2
9.5 67.3:32.7 79.2
26.8 55.4:44.6 79.4
89.0 33.4:66.6 62.0
210» 22.2:77.8 65.4

“Under reflux in methanol. bToo little material available

after this time for further study.

Registry No.—5, 34225-91-7; 6, 34225-92-8; 6
DNP, 34201-91-7; 8, 34201-92-8; 9, 34201-93-9; 11,
34201-94-0; 12,29370-70-5; 13,34201-96-2; 13 DNP,
34201-97-3; 16, 34225-93-9; 17, 34225-94-0; benzo-
norbornene-aw/i-7-carboxylic acid, 34225-95-1.

(33) D. C. Sayles and M. S. Kharasch, J. org. Chem., 26, 4210 (1961).
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The products of acetolysis at 50° of VI-OBs are 65.3% VI-OAc, 27.3% VII-OAc, and 7.4% twisted monoene.
VI1l- OBs produces 96.3% VI-OAc, 3.1% VII-OAc, and 0.6% twisted monoene. VIII-OBs produces 90.7%
VIll- OAc, 2.6% IX-OAc, 6.7% twisted monoene, and 0.006% V-OAc. |IX-OBs produces 99.22% VIII-OAc,
0.25% IX-OAc, and 0.53% twisted monoene. The very reactive X-OBs (k = 0.104 sec-1 at 27°) forms 14.5%
bird-cage hydrocarbon, 0.06% twisted monoene, 25.3% V-OBs, 15.0% V-OAc, 14% VI-OBs, 19% VI-OAc,
5.4% VIII-OBs, 3% VIII-OAc, and 3.8% XI11-OAc in acetic acid at 27°. The results suggest that endo acetates
VII-OAc and IX-OAc produced in acetolysis of VI-OBs and VI11-OBs, respectively, are formed by anchimerically

unassisted solvolysis in competition with anchimerically assisted solvolysis.
concerted (probably cis) elimination from covalent VI-OBs and VIII-OBs.

The olefin appears to arise from
Formation of olefin and endo

acetate in acetolysis of VII-OBs and of IX-OBs evidently results, in each case, from the small amount of exo
brosylate produced from the endo brosylate via ion pair return.

In continuance of studies4 of the solvolysis of the p-
bromobenzencsulfonates VI-OBs and VIII-OBs, we
have found that endo products are formed from these
exo brosylates and also from the endo brosylates V1I-
OBs and I1X-OBs. The present work provides fur-
ther examples5 of the competition between anchimeri-
cally assisted and anchimerically unassisted routes in
solvolyses of norbornyl derivatives and provides in-
sight into the mechanism of olefin formation from nor-
bornyl brosylates.

Results

VI-OH, VI-OBs, VIII-OH, and VIII-OBs were
known previously.4 The structure of the previously
reported4 alcohol of mp 71.5-72.6° has been revised to
that of VII-OH indicated below. Oxidation of both
VI-OH and VII-OH gave the same ketone (VI-ketone),
and lithium aluminum hydride reduction cf VI-ketone
gave a 31:69 mixture of VI-OH and VII-OH. Oxida-

VI-OH Vli-ketone

tion of VIII-OH and lithium aluminum hydride reduc-
tion of the resultant VUI-ketone gave a 9:91 mixture
of VIII-OH and IX-OH, from which pure IX-OH was
isolated.

(1) An extension of the compound designations used previously4is em-
ployed herein for ease of cross reference between past, present, and future
papers in this series.

(2) Taken in part from the Ph.D. thesis of Robert K. Howe, UCLA,
March 1965.

(3) Deceased Nov. 23, 1969.

(4) L. deVries and S. Winstein, J. Amer. Chem. Soc., 82, 5363 (1960).

(5) Other recent examples: (a) H. Tanida, H. Ishnobi, T. Irie, and
T. Tsushima, ibid., 91, 4512 (1969); (b) H. Tanida, T. Irie, and T. Tsushima,
ibid., 92, 3404 (1970); (c) R. Muneyuki and T. Yano, ibid., 92, 746 (1970);
(d) G. W. Oxer and D. Wege, Tetrahedron Lett., 457 (1971).

The brosylates were solvolyzed at 50° at 0.010 M
concentration in acetic acid that contained 0.020 M
sodium acetate for 20 half-lives for the product anal-
yses, which were performed by gas chromatography
(gc). The product mixture from VI-OBs was found to
consist of 65.3 + 1.5% VI-OAc, 273 £ 1.5% VII-
OAc, and 7.4 + 0.5% twisted monoene,4with <0.03%
XI1-OAc (none detected). This analysis by gc is in
agreement with the infrared analysis reported pre-
viously,4 taking into consideration the corrected struc-
tural assignment for VII-OH and VII-OAc. VII-
OBs gave 96.3% VI-OAc, 3.1 + 0.3% VII-OAc, and
0.6 £ 0.2% twisted monoene, with <0.03% XII-OAc;
acetolysis of VII-OBs under similar conditions but with
incorporation of 0.02 M tetrabutylammonium p-
bromobenzenesulfonate gave the same product mix-
ture. Pure VIII-OBs yielded 90.7% VIII-OAc, 2.6%
IX-OAc, 6.7% twisted monoene, and 0.006% half-cage
V-OAc. Pure I1X-OBs produced 99.22% VIII-OAc,
0.25 + 0.10% IX-OAc, and 0.53% twisted monoene.

The acetolysis rate data are summarized in Table I.

Tabte |

First-Order Rate Constants, Acetolysis at 25°

ROBs 10®k, sec
VI1-OBs« 39.1
VII-OBs* 57.0
VI111-OBs« 8.54
IX-OBs 2.30

“ Reference 4.

Our previous attempts to prepare X-OBs had re-
sulted in isolation of V-OBs, identified by melting
point, elemental analysis, and first-order acetolysis
rate constant.6 In the present work the extremely
reactive X-OBs was prepared by a low-temperature
method. This brosylate produces 14.5% bird-cage
hydrocarbon.40.06% twisted monoene, 25.3% V-OBs,
15.0% V-OAc, 14% VI-OBs, 19% VI-OAc, 5.4%
VIII-OBs, 3% VIII-OAc, and 3.8% XII-OAc in
acetic acid at 27° with a first-order rate constant of
0.104 sec-1.

(6) P. Bruck, b. Thompson, and S. Winstein, Chem. Ind. (London), 590

(1960).
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Discussion

Several years ago78we had discussed the competition
between KA (anchimerically assisted) and ks (anchi-
merically unassisted) routes in ionization of ezo-nor-
bornyl brosylate. Anchimerically assisted ionization
predominates with the exo brosylate, and the products
arise very predominantly via the nonclassical ion.78
In 7d% aqueous acetone, the resultant alcohol is
>99.98% ex0.8 We discussed89solvolysis of endo-nor-
bornyl brosylate on the basis of anchimerically unas-
sisted ionization (with, however, any nucleophilic sol-
vent assistance that may be presentX) to a classical
carbonium ion species. A major fraction of the classical
ions underwent leakage to the nonclassical ions, while
the remaining fraction collapsed directly to inverted
exo product (7% in acetic acid). If the stability of the
norbornyl nonclassical ion could be lowered sufficiently
so as to approach that of the classical ion, then sol-
volysis of the exo brosylate could produce detectable
proportions of endo products. Such is the case in the
work presented here.5

The acetolysis titrimetric rate ratio at 25° of VI-OBs
and V11-OBs is0.69:1. This rate ratio indicates either
that the nonclassical and classical ions in this system
are of comparable energy or that the nonclassical ion is
not involved in VI-OBs acetolysis. The titrimetric
rate constant, fct, of VI-OBs acetolysis appears to be
considerably smaller, however, than ftA the rate con-
stant for anchimerically assisted ionization, for there
appears to be very pronounced ion pair return in VI-
OBs acetolysis. XII1-OBs has been foundZ1l to re-
arrange ca. 98% to VI-OBs through the same ion pair
produced in VI-OBs acetolysis. The ratio of the re-
arrangement rate constant to the solvolysis rate con-
stant of X11-OBs is greater than 64:1. This provides

(7) S. Winstein and D. Trifan, J. Amer. Chem. Soc., 74, 1154 (1952).

(8) S. Winstein, E. Clippinger, R. Howe, and E. Vogelfanger, ibid., 87,
376 (1965).

(9) S. Winstein and D. Trifan, ibid., 74, 1147 (1952).

(10) Our previously stated thought [S. Winstein, E. Grunwald, and H. W.
Jones, ibid., 73, 2700 (1951)] that solvolysis of certain secondary aliphatic
systems “may approach the Lim. category in acetic acid and more closely
in formic acid” implies some residual nucleophilic solvent assistance to
ionization in acetic acid. The extent of residual solvent assistance, of course,
can vary considerably with the secondary substrate.

(11) Robert K. Howe and S. Winstein, to be published.

a rough measure for the partitioning of the carbonium
ion from VI-OBs between ion pair return and collapse
to product. The fcAfor VI-OBs acetolysis thus may be
65 times greater than the titrimetric rate constant; this
would indicate the exo/endo ionization rate ratio to be
of the order of 45:1. The ca. 65% retention of con-
figuration, in contrast to predominant inversion in
classical solvolysis of secondary substrates,2 and the
exo/endo ionization rate ratio suggest that VI-OBs
acetolysis involves a nonclassical ion. The rate con-
stant for formation of VI-OAc via the anchimerically
assisted pathway is the product of kA and F, where
F = 1/65, the fraction of nonclassical ion pairs that
produces VI-OAc. Since kA is of the magnitude of
the rate constant ks (estimated from the VII1-OBs rate)
expected for anchimerically unassisted solvolysis, prod-
uct formation occurs quite significantly from both
the anchimerically assisted and anchimerically unas-
sisted routes of solvolysis. The ksroute results in pre-
dominant inversion2 and produces 27.3% endo acetate
in VI-OBs acetotysis via the classical carbonium ion
(Scheme 1). Attack on the VI-OBs nonclassical cation
to form XII-OAc is not observed. Evidently, the
greater strain in the X 11 system21lis manifested in the
transition state leading to it and also, to a lesser degree,
in the VI-OBs nonclassical ion. This strain results in
less stabilization than usual for a norbornyl nonclassical
ion.

Acetolysis of half-cage V-OBs results in ion pair re-
turn to VIII-OBs via the VII1-OBs nonclassical ion.4
Thus, ion pair return in VI11-OBs acetolysis must make
the titrimetic rate constant a low measure of for
VIII-OBs. The available data do not permit an esti-
mate of the extent of ion pair return in this case. In
VII1-OBs acetolysis, as in VI-OBs acetolysis, classical
solvolysis with inversion12 via the classical carbonium
ion (Scheme I1) is competitive with product formation
from the nonclassical ion; 2.6% endo product is pro-
duced by the classical path. Only ca. 0.006% V-OAc
is formed in VII1-OBs acetolysis. There is severe non-

12) (a) A. Streitwieser and T. D. Walsh, Tetrahedron Lett., 27 (1963);
(b) M. C. Whiting, Chem. Brit., 2, 482 (1966); (c) N. C. G. Campbell,
D. M. Muir, R. R. Hill, 3. H. Parish, R. M. Southam, and M. C. Whiting,
J. Chem. Soc. B, 355 (1968).
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bonded repulsion between the opposed transannular
hydrogen atoms of V-OAc.13

The large selectivity of attack by solvent on the
VI111-OBs nonclassical cation is a result of some of this
strain being present in the transition state leading to
V-OAc.

Acetolysis of the extremely reactive X-OBs has re-
vealed the nature of olefin formation from VI-OBs and
VIII-OBs. X-OBs acetolyzed at 27° to a first in-
finity of 53.5% acid production with a first-order rate
constant of 0.104 sec-1. Analysis at this stage of
acetolysis revealed the product mixture to contain
0.06% twisted monoene, 14% VI-OBs, 19% VI-OAc,
5.4% VIII-OBs, and 3% VIII-OAc, among other prod-
ucts. The 0.06% twisted monoene is a maximum
value; some or all of this could have arisen from VI-OBs
or VIII-OBs in the alumina chromatography used to
isolate the hydrocarbon products. The carbonium ion
that forms VI-OAc therefore produces at most 0.3%
twisted monoene. Since VI-OBs acetolysis produces
7.4% twisted monoene, at least 96% of the elimination
from VI-OBs appears to be concerted and not from the
fully developed carbonium ion. Similarly, the elimi-
nation from VI11-OBs probably arises largely, if not com-
pletely, by concerted elimination from covalent bros-
ylate. The concerted elimination most likely is cis. 4

The ratio of twisted olefin to VII-OAc is the same
(within experimental error) in acetolysis of VI-OBs and
VII-OBs. This may be fortuitous; however, it is also
consistent with formation of ca. 10% VI-OBs in VII-

(13) D. Kivelson, S. Winstein, P. Bruck, and R. L. Hansen, J. Amer.
Chem. Soc., 83, 2938 (1961).

(14) In pyridine at 100°, 1V-OBs4 forms 75% endo-exo monoene, and
1V-D-OBs forms 55% monoene with a &/&D isotope effect of 2.85 for elim-
ination (97.5% cis) and 1.10 for ionization; 111-OBs,4 the corresponding
endo brosylate, forms less than 1% monoene directly. In acetic acid at
100°, 1V-D-OBs produces 0.95% monoene with a ks/kj) isotope effect of 2.8,

IV-OBs, X = H

IV-D-OBs, X =D
consistent with a concerted cis elimination in this solvent (P. Carter, un-
published results).

X-OBs

OBs acetolysis. This amount of VI-OBs would pro-
duce ca. 3% VII-OAc and ca. 0.7% twisted monoene, as
is observed. This interpretation would indicate that
there is very little direct elimination from VII-OBs. 4

Information on the mechanism of formation of VI-
OBs in VII-OBs acetolysis was sought by means of an
acetolysis experiment with added brosylate anion. In
the acetolysis of 0.010 M VII-OBs in the presence of
0.02 M sodium acetate, the average concentration of
sodium brosylate, produced by neutralization of the
liberated brosylic acid by the sodium acetate, is 0.005
M. The addition of 0.02 M tetrabutylammonium
brosylate would result in an average brosylate salt con-
centration of 0.025 M, five times that without added
brosylate salt. If VI-OBs were formed in VII-OBs
acetolysis by brosylate anion attack on covalent VII-
OBs or on a VII-OBs ion pair, five times the 3.1%
VII-OAc would be expected. In fact, addition of 0.02
M tetrabutylammonium brosylate was shown to have
no effect on the amount of VII-OAc produced in VII-
OBs acetolysis.

Another pathway for formation of VI-OBs from
VI1I1-OBs exists. This involves rearrangement within
intimate ion pairs as illustrated in Scheme 1.5 Sim-
ilarly, formation of 7% VI1I11-OBs from 1X-OBs viathe
illustrated path (Scheme I1) would result in formation
of 0.5% twisted monoene and 0.2% IX-OAc in IX-OBs

(15) Such endo-OBs to exo-OBs isomerization through intimate ion pairs
has been observed directly by nmr and kinetic measurements in the partial
isomerization of endo V-N-OBs in acetic acid to the much less reactive
exo V-OBs. In this case, 24% of V-OBs is formed from V-N-OBs at 25°
(R. Howe and P. Carter, unpublished results).

V-N-OBs V-OBs
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acetolysis, as is observed. The small amount of endo
brosylate to exo brosylate isomerization in these cases
is not directly detectable because of the pertinent exo/
endo rate ratios. The exact extent of leakage between
the fcs and routes in VII-OBs and IX-OBs acetolyses
are not apparent ; minimum values of 10% in VII-OBs
acetolysis and 7% in IX-OBs acetolysis are indicated.

Tanida and coworkers&b have found endo acetate
and olefin formation in acetolysis of both exo- and
endo-6,7-dinitrobenzonorbornen-2-yl  brosylates and
have stated® that “the minor formation of endo ace-
tates (products of retention) and olefins (products of
elimination) from [the nitro- and dinitrobenzonor-
bornen-ewlo-2-yl brosylates] should be considered as
via cationic intermediates.” We note upon examina-
tion of the data of Tanida, et al.,b&hthat the ratios of the
percentages of olefin to endo acetate formed in ace-
tolysis at 180° of 6,7-dinitrobenzonorbornen-exo-2-yl
brosylate (ratio 21:35) and of the endo brosylate
(ratio 2.2:3.0) are the same within experimental error.
Thus, formation of ca. 9% of exo brosylate via ion pair
return in acetolysis of the endo brosylate would ac-
count for the formation of ca. 2% of olefin by a con-
certed cis elimination and ca. 3% of endo acetate by
classical solvolysis.

Experimental Section

Melting points are corrected.
were employed.
Decahydro-2,4,7-metheno-1/7-cyclopenta[a] pentalen-6-one
(VI-Ketone).— A mixture of 1.0 g of VI-OH, mp 76-77° (lit.4
mp 76.2-77.6°), in 50 ml of ether and 10 g of chromium trioxide
in 50 ml of water was stirred vigorously for 4 hr. Then 50 ml of
pentane was added, and the organic layer was washed with water
until it was colorless. Distillation of the solution at 0.05 mm
gave 0.7 g of oil that slowly solidified to a white solid, mp 32-34°.

Anal. Calcd for CuHuO: C, 82.71; H, 8.10. Found: C,
82.68; H, 8.13.

Similar oxidation of 100 mg of VII-OH, mp 71-72° (lit.4mp
71.5-72.6°), left from the original work,4 gave 50 mg of solid
ketone, mp 32-34°, mmp 32-34°. The ir spectra of both samples
of ketone were identical.

Decahydro-2,4,7-metheno-l//-cyclopenta [a] pentalen-exo-6-yl
p-Bromobenzenesulfonate (VI-OBs).—VI-OBs, mp 100-101°
(lit.4 mp 97-98°), was prepared from VI-OH, mp 76-77° (lit.4
mp 76.2-77.6°), that was 100% pure (analysis by gc of alcohol
and derived acetate).

Decahydro-2,4,7-metheno-Iflrcyclopentalalpentalen-e?ido-6-yl
p-Bromobenzenesulfonate (VII-OBs).—VII-OBs, mp 104-106°
(lit.4 mp 105-106°), was prepared from VII-OH, mp 72-73°
(litt4mp 71.5-72.6°), that was 100% pure (analysis by gc of
alcohol and derived acetate).

Decahydro-2,4,7-metheno-l//-cyclopenta [a] pentalen-ero-5-yl
p-Bromobenzenesulfonate (VIII-OBs).—VIII-OBs, mp 91-92°
(lit.4mp 91-92°), was prepared from VIII-OH, mp 48-50° (lit.4
mp 49.5-51.5°), that was 100% pure (gc analysis).

Decahydro-2,4,7-metheno-l//-cyclopenta[alpentalen-5-one
(VI11-Ketone).— Oxidation of 230 mgof VII1-OH from the original
work4 gave 200 mg of colorless liquid that contained less than
0.1% residual alcohol (gc analysis).

Anal. Calcd for CMHuO: C, 82.71; H, 8.10.
82.66; H, 8.25.

Decahydro-2,4,7-metheno-l//-cyclopenta[«] pentalen-enrfo-5-ol
(IX-OH).— Reduction of the ketone from VIII-OH with excess
lithium aluminum Iwdride in ether gave a solid alcohol mixture
that consisted of 8.8% VIII-OH and 91.2% IX-OH (gc analysis).
Chromatography of 0.24 g of alcohol mixture on a2 X 52 cm
column of activity 2.5 alumina with 10% ether in hexane gave
0.16 g of pure IX-OH (gc analysis indicated <0.5% VIII-OH

Standard acetolysis procedures

Found: C,

(16) (a) S. Winstein, C. Hansen, and E. Grunwald, J. Amer. Chem. Soc.,
70, 812 (1948); (b) S. Winstein, E. Grunwald, and L. L. Ingraham, ibid.,
70, 821 (1948).

Howe, Carter, and Winstein

present) as an oil. Crystallization of the oil from pentane at
—10° gave solid IX-OH, mp 66.0-67.5°.

Anal. Calcd for CIHBO: C, 81.77; H, 9.15.
81.73; H, 8.95.

1X-OBs had mp 104-106°.

Anal. Calcd for CisllioSOaBr:
C, 54.69; H, 4.82.

VI- OBs Acetolysis Products—A 50-ml solution (0.0101 M
VI- OBs) prepared from 0.2004 g of VI-OBs and acetic acid
(0.0200 M sodium acetate) was held at 50° for 4.16 hr (20 half-
lives). The solution was cooled, diluted with 50 ml of pentane,
and extracted with 100 ml of water. The water layer was ex-
tracted with 30 ml of pentane. The pentane layers were com-
bined, extracted with three 25-ml portions of saturated sodium
bicarbonate solution and 50 ml of water, dried (Na2S04), and
concentrated to 2 ml with use of a 3s X 14 in. column packed
with glass helices. Gc analysison a'/< in. X 4 m column packed
with 5% DOW X2405 on Chromosorb W, 80-100 mesh, at
155° and 30-psi helium pressure, indicated the product mixture
to consist of 65.3 + 1-5% VI-OAc (retention time 65 min),
27.3 1.5% VII-OAc (retention time 59 min), and 7.4 + 0.5%
twisted monoene (retention time 5.6 min).

The product mixture was treated with excess lithium aluminum
hydride in ether. The resultant products were examined on a
I/tin. X 2 m column of 10% UCON 50-HB 2000 on Chromosorb
W, 60-80 mesh, at 180° and 30-psi helium pressure. There was
<0.03% XII1-Oll and <0.03% V-OH (none detected). Under
these analytical conditions, 0.03% XII-OH in VI-OH could be
reproducibly detected.

VII- OBs Acetolysis Products.— A 25-ml solution (0.0102 M
VII- OBs) was prepared from 0.1007 g of pure VII-OBs and acetic
acid (0.0200 M sodium acetate) and was held at 50° for 3.82 hr
(20 half-lives). The solution was worked up and analyzed as in
the VI-OBs product study. There was 96.3% VI-OAc, 3.1
0.3% VII-OAc, and 0.6 + 0.2% twisted monoene. Gc analysis
of the derived alcohol fraction revealed that <0.03% XII-Oll
and <0.03% V-OH were present (none detected).

A similar experiment in which 0.02 M tetrabutylammonium
brosylate was incorporated gave an identical product mixture.

VIII- OBs Acetolysis Products.—A 25-ml solution (0.0100 M
VIII- OBs) prepared from 98.6 mg of VIII-OBs and acetic acid
that contained 0.0200 M sodium acetate was held at 50° for
14.46 hr (20 half-lives). After work-up, gc analysis on an
NMPN column revealed the product mixture to consist of 93.3%
acetates and 6.7% twisted monoene (2,3,3a,4,6a,7,7a-octahydro-
2,4, 7-metheno-l/f-cyclopentala]pentalene), with <0.07% bird-
cage hydrocarbon (decahydro-1,5,2,4-ethanediylidenecyclopenta-
[crflpentalene; none detected).

The product mixture was treated with 0.2 g of lithium alu-
minum hydride in 15 ml of ether. After the usual work-up, the
alcohol fraction was analyzed by gc on a I£in. X 20 ft column
packed with 2% UCON 50-HB 2000 on Chromosorb W, 80-100
mesh, at 150° and 50 psi of nitrogen, and was found to consist
of 97.2% VIII-OH (retention time 49 min) and 2.8% IX-OH
(retention time 52 min). There was <0.03% XII-OIl (none
detected); there was a peak with the same retention time as
V-OH with 0.006% of the area of the VIII-OH peak.

IX-  OBs Acetolysis Products.—A 5-ml solution (0.00988
IX- OBs) prepared from IX-OBs and acetic acid (0.0200
sodium acetate) was held at 50° for 50 hr (ca. 20 half-lives).
After work-up, gc analysison a ¥/, in. X 2 m column packed with
25% NMPN revealed that the product mixture contained 99.47%
acetates and 0.53% twisted monoene, with <0.05% bird-cage
hydrocarbon (none detected).

The acetates were converted to alcohols with excess lithium
aluminum hydride in ether. Gc analysis for IX-OH as in the
VI11-OBs product study showed the alcohol fraction to consist of
99.75% VIII-OH and 0.25 + 0.10% IX-OH.

1,2,3,4,4a,5,8,8a-Octahydro-emfo,emio-l ,4:5,8-dimethano-
naphthalen-exo-2-ol (X-OH).—Hydroboration-oxidation® of pu-
rified isodrin in THF gave hexachloro-X-OH, mp 220-224°
(lit.8Bmp 222° dec), in 74% yield. To a solution of 25, g (0.0653
mol) of the chlorinated alcohol and 158 g (2.13 mol) of ierf-butyl
alcohol in 400 ml of THF (distilled from LiAIH4) under nitrogen
in a 5-1. flask was added 30 g (4.3 g-atoms) of lithium wire cut

Found: C,

C, 54.68; H, 4.84. Found:

<L

(17) (@) H. C. Brown and G. Zweifel, ibid., 83, 2544 (1961);
Brown, Tetrahedron, 12, 117 (1961).

(18) S. B. Soloway, A. M. Damiana, J. W. Sims, H. Bluestone, and R. E.
Lidov, J. Amer. Chem. Soc., 82, 5377 (1960).

(b) H. C.
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into 0.5-in. lengths so as to allow the freshly cut pieces to fall
directly into the flask. The mixture was stirred vigorously.
An exothermic reaction ensued with considerable foaming, and
the solvent began to boil violently. Ice bath coding was em-
ployed only as long as necessary to keep the reaction under
control. The mixture was stirred until the spontaneous reflux
subsided, then was heated at reflux for another 30 min, and then
was poured while hot through a wire screen (to remove residual
lithium). The solution was cooled, diluted with ice water, and
extracted with ether. The organic solution was concentrated
under aspirator vacuum and steam bath heat. Two crystalliza-
tions of the residue from hexane gave 5.0 g of pure (nmr analysis,
quantitative hydrogenation assay) X-OH, mp 103.0-103.6°
(lit. 19 mp 98-100°, lit.OD mp 102.5-103.5°). X-OAc, mp 42.5-
43.5°, was prepared by treatment of X-OH with acetic anhydride
in pyridine at 5° for 3 days.

Anal. Calcd for CiHB® 2:
C, 77.15; H, 8.61.

X-OBs.—To a frozen solution of 1.00 g (5.68 mmol) of X-OH
in 10 ml of pyridine was added 1.66 g (6.50 mmol) of powdered
brosyl chloride, and the flask was tightly stoppered. The pyri-
dine was allowed to melt, and solution of the brosyl chloride was
effected with swirling; the temperature of the mixture was kept
well below 0° with intermittent cooling in Dry Ice-acetone.
After complete solution was attained, the reaction mixture was
placed in a dewar flask filled with Dry Ice. The dewar flask
was lightly stoppered. After 36 hr, the frozen reaction mixture
was allowed to melt and was added to 750 ml of pentane. The
mixture was swirled vigorously for 3 min and filtered. The
filtrate was rapidly concentrated adiabatically under vacuum.
The residual pyridine was removed under vacuum while the
flask was maintained in an ice bath. The white solid brosylate
was dissolved in 210 ml of methylcydohexane at room tempera-
ture, the mixture was filtered, and the filtrate was cooled in
Dry Ice-acetone for crystallization. The resultant solid was
collected by filtration and was washed well with pentane. There
was obtained 0.90 g of X-OBs that had no odor (neither brosylic
acid nor brosyl chloride was present). The X-OBs was used
immediately as it is extremely unstable (a small sample developed
the odor of brosylic acid within 5 min at room temperature).
This sample of X-OBs contained less than 1% X-OH, as evidenced
by there being less than 1% X-OH in the alcohols derived from
the acetolysis products.

X-OBs Acetolysis Rate.—X-OBs was prepared in the usual
way; because of its extreme reactivity, the brosylate was not
dried well after the pentane wash performed after collection by
filtration. A 24.8-mg quantity of the brosylate was rapidly
weighed out and was added to 5 ml of acetic acid that contained
6 drops of indicator solution and 1.000 ml of a titrant solution
that consisted of 0.02000 M sodium acetate in acetic acid. The
acetic acid was at room temperature, 27 + 1°. Complete solu-
tion was attained in ca. 15 sec. The indicator changed color 12
sec after the addition of the brosylate. The solution was titrated
at various time intervals, and was held at 75° for 75 min for the
final infinity determination (see Table I1).

A plot of log T,, — log {Ta — T) vs. time was made, and ex-
trapolation of the straight line portion after 200 sec gave an
intersection of 0.332 on the log axis at zero time; this value
corresponds to a first infinity titer of 1.51 ml. This titer, 53.5%
of the final infinity titer, was taken as the first infinity for calcu-
lation of the X-OBs total rate constant from zero time to 35 sec.

X-OBs Acetolysis Products after 100% Acid Production.-—
X-OBs was prepared by the low-temperature method from 0.50 g
of X-OH and 0.83 g of brosyl chloride in 5 ml of pyridine. Im-
mediately after isolation, the 0.40 g of X-OBs was added to 100
ml of acetic acid (that contained 0.020 M sodium acetate) at
room temperature; the resultant solution was 0.0101 M in
X-OBs. After 100 sec, the solution was placed in a50° bath and
held there for 15 hr (21 half-lives of VIII-OBs). The solution
was cooled and worked up as usual. Gc analysis on an NMPN
column showed the product mixture to consist of 24.1% bird-
cage hydrocarbon, 1.7% twisted monoene, and 74.2% acetates.

C, 77.02; H, 8.33. Found:

(19) P. Bruck, D. Thompson, and S. Winstein, Chem. Ind. (London),
405 (1960).

(20) R. B. Woodward, T. Fukunaga, and R. C. Kelly, 3. Amer. Chem.
Soc., 86, 3162 (1964).
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Table Il
X-OBs Rate at 27 £+ 1°
Time, sec Titer, ml 10*k,a sec-1
0 sample added

12 1.000

35 1.47 1040.0

55 1.51

85 1.53

205 1.57 2.62
395 1.61 2.06
840 1.77 2.74
1125 1.81 2.36
1380 1.86 2.27
1580 1.91 2.32
1920 1.97 2.25
© 2.825°

“ See text for method of calculation of the first rate constant,
k = 0.104 sec-1. The subsequent rate constants are based on
integration from 85 sec; average k = (2.37 + 0.17) X 104
sec-1. 690.2% of theory.

A small portion of the product mixture was treated with excess
lithium aluminum hydride in ether. Gc analysis on aUCON 50-
HB 2000 column showed the alcohol fraction to consist of 62.4%
VI1-OH plus VII-OH plus VIII-OH, 5.48% XI11-Oll, and 32.1%
V-OH. There was <1% X-OH and <0.2% of the endo epimer
of X-OH.

The remainder of the acetolysis product mixture was analyzed
by nmr in carbon tetrachloride solution. Integration over the
a-proton region revealed the acetate portion to consist of 32.1%
V-OAc, 41.6% VI-OAc, 5.8% VII-OAc, and 20.5% VIII-OAC
plus X11-OAc.

From the combined gc and nmr data, the total acetolysis
product composition from X-OBs is calculated to be 24.1%
bird-cage hydrocarbon, 1.7% twisted monoene, 23.8% V-OAc,
30.9% VI-OAc. 4.3% VII-OAc, 11.1% VIII-OAc, and 4.1%
X11-OAc.

X-OBs Acetolysis Products after 95% Reaction (Solvolysis
Plus Rearrangement).— Immediately after it was prepared,
0.873 g of X-OBs was added to 100 ml of acetic acid (0.050 M
sodium acetate) at 28°. The mixture was vigorously swirled,
and the brosylate dissolved in ca. 15 sec. After an additional
15 sec the solution was poured into 500 ml of pentane. The
pentane was rapidly extracted with 200 ml of water, three 150-ml
portions of saturated sodium bicarbonate solution, and 200 ml of
water. The pentane layer was dried (Na2Ot), and a small
portion of it was passed through a short column of alumina to
remove the brosylates and acetates. The column was washed
with pentane, and the combined eluents were concentrated to 2 ml
and analyzed by gc on an NMPN column. The hydrocarbon
product consisted of 99.6% bird-cage hydrocarbon and 0.4%
twisted monoene.

The remainder of the pentane solution containing all the
acetolysis products was concentrated adiabatically under vacuum
with arotary evaporator. The residue was examined immediately
in carbon tetrachloride solution by nmr. Integration over the
aromatic proton region and over the a-proton region revealed
that the substitution products (brosylates and acetates) con-
sisted of 31.2% V-OBs, 18.4% V-OAc, 23.9% VI-OBs plus
VIII-OBs, and 26.5% VI-OAc plus VIII-OAc plus XII-OAc.
A series of simultaneous equations was set up from these data and
from the product composition data for acetolysis of VI-OBs,
VIII-OBs, X-OBs after 100% acid production, and V-OBs
(38% bird-cage hydrocarbon, 1.3% twisted monoene, 34.8%
V-OAc, 9.8% VI-OAc, 2.1% VII-OAc, 12.8% VIII-OAc, 1.2%
X11-OAc; revised analyses by gc and nmr methods). Solution
of the equations gave the direct products from X-OBs acetolysis:
14.5% bird-cage hydrocarbon, 0.06% twisted monoene,
25.3% V-OBs. 15.0% V-OAc, 14% VI-OBs, 19% VI-OAc,
5.4% VI111-OBs, 3% VIII-OAc, and 3.8% XII-OAc.

Registry No.—VI-ketone, 34220-07-0; VUI-ketone,
34220-08-1: 1X-OH, 34226-03-4; 1X-OBs, 34226-04-5;
X-OAc, 34226-05-6; X-OBs, 34226-06-7.
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The behavior of three /j-substituted alkyl radicals, geometrically and energetically capable of “bridging,” has

been examined in environments conducive to their rearrangement.

Although the /3-carbethoxyalkyl radical

generated by the decarbonylation of /3,/S-dicarbethoxyvaleraldehyde produced only unrearranged products,
compelling evidence is presented for the 1,2 migration of an acetoxy group during the free-radical initiated addi-

tion of butyraldehyde to a,a-dimethylallyl acetate.

In contrast, /3-thiophenoxyalkyl radicals, similarly gener-

ated during addition of both butyraldehyde and thiophenol to a,a-dimethylallyl phenyl sulfide, displayed an
overwhelming preference for elimination of the thiophenoxy group.

Since the first reported instances46 of phenyl migra-
tion in the “neophyl” radical, there have been numerous
attempts to extend this apparent analogy of Wagner-
Meerwein carbonium ion rearrangements.6 Nonethe-
less, no bonafide examples of hydrogen or alkyl migra-
tion have surfaced, hardly surprising in view of the
vastly different energetic requirements imposed by the
odd electron on a transition state or intermediate in-
volved in the actual shift of a migrating group. In-
deed it has been suggested that 1,2-alkyl or hydrogen
migration in ground-state free radicals is forbidden by
orbital symmetry restrictions.7

The aromatic nucleus clearly is satisfying some re-
quirement for migration, presumably formation of a
bridged species, that hydrogen or alkyl groups cannot.
Significantly, the only credible reports of 1,2 migration
of substituents other than aryl involve those groups (Cl,6
Br,6 SR,60 OCOCH3®9 which are also capable of ac-
commodating, both geometrically and orbitally, the
odd electron of the adjacent radical center in some kind
of bridged intermediate or transition state.

In this paper we wish to report the behavior of three
/3-substituted alkyl radicals which, by virtue of either
valence shell expansion (5) or ir electron delocalization
(4 and 6), are theoretically capable of rearrangement
via bridged species. The /3-carbethoxyalkyl radical (1)
was generated by the decarbonylation of the homol-
ogous aldehyde, an elegant method pioneered by Win-
stein and Seubold5for the generation of the “neophyl”
radical from /3-phenylisovaleraldehyde, and especially
effective when the migrating group is resistant to com-
petitive loss by reverse Michael reaction. Alterna-
tively, addition of free radicals (R <) to allylically sub-
stituted terminal olefins, a procedure successfully ex-
ploited by Weinstock and Lewisll for the study of /3
phenylbutyl radicals, was selected for the generation of
the /3-thiophenoxyalkyl (2) and /3-acetoxyalkyl (3) rad-

(1) Abstracted in part from the Ph.D. thesis of Sheldon N. Lewis, sub-
mitted to the University of California at Los Angeles in Aug 1959.

(2) Eastman Kodak Company Fellow, 1958—1959; Rohm and Haas Co.
(3) Deceased, Nov 23, 1969.
(4) W. H. Urry and M. S. Kharasch, J. Amer. Chem. Soc., 66, 1438 (1944).
(5) S. Winstein and F. H. Seubold, ibid., 69, 2916 (1947).
(6) For a comprehensive review of free-radical rearrangements, see
(a) C. Walling in “Molecular Rearrangements,” P. de Mayo, Ed., Part I,
Wiley-Interscience, New York, N. Y., 1963, pp 407—450; (b) R. Kh. Freid-
lina in “ Advances in Free Radical Chemistry,” G. H. Williams, Ed., Vol. I,
Logos Press, London, 1965, pp 211-278.

(7) M. J. Perkins in “ Organic Reaction Mechanisms,” B. Capon and C. W.
Reese, Ed., Wiley-Interscience, London, 1969, p 293.

(8) D. D. Tanner and F. C. P. Law, J. Amer. Chem. Soc. 91, 7535 (1969).

(9) J. M. Surzur and P. Teissier, C. R. Acad. Sci., 264, 1981 (1967).

(10) H. H. Jaffe, J. Phys. Chem., 58, 185 (1954), has reported evidence of
sulfur valence shell expansion in radical reactions.

(11) J. Weinstock and S. N. Lewis, J. Amer. Chem. Soc., 79, 6243 (1957).
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icals so as to avoid the reported812 nonradical elimina-
tion of the corresponding aldehydes. In order to afford
the greatest opportunity for observing rearranged prod-
ucts, the concentration and reactivity of the chain-
transfer agent RH was manipulated in accord with the
ground rules13 established by comprehensive investiga-
tion of phenyl migration in alkyl radicals.€l

Results and Discussion

/3-Carbethoxyalkyl Radical. —/3,/3-Dicarbethoxyvaler-
aldehyde (7) smoothly decarbonylated at 130° in
the presence of di-feri-butyl peroxide (DTBP) to give
a >97% theoretical yield of carbon monoxide and a
92% vyield of a single product which was characterized
as the unrearranged diester 8 by hydrolysis to the
knowm methylethylmalonic acid and its subsequent de-
carboxylation. Similar decarbonylation of a 1 M so-

(iOOCZH 5 ClOOCZHS I-J
CEHKiCHZ:HO ch &1ch3 CEHKiCHZCOOCZHS
COOCiHs COOCHS5 COOCH5
7 8 9

lution of the aldehyde in diphenyl ether gave >95%
carbon monoxide evolution and a 92% yield of the un-
rearranged diester. Again, no rearranged diester 9 was
detected, suggesting that, even in the presence of a sub-

(12) S. J. Lapporte, Ph.D. Thesis, UCLA, 1956.

(13) These studies show that, irrespective of bridged intermediacy, prod-
uct formation results from the reaction of the classical unrearranged and
rearranged radicals with the chain-transfer agent RH. Thus the lifetime of
the unrearranged radical is dictated by the reactivity and concentration of
RH and its opportunity for migration is determined not only by the rate
(ki) at which the bridged species is formed but also by the rate (*"[RH]) at
which the unrearranged radical competitively collapses to unrearranged
product. Even when migration is feasible, formation of rearranged product
via the rearranged radical may be precluded if the ratio of iu[RH /b is suffi-
ciently large. While increased stability of the rearranged radical need not
provide the “driving force” for migration, it does provide the incentive for
the bridged species to open to the rearranged rather than the unrearranged
radical.
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stantially reduced concentration of aldehyde, the un-
rearranged radical had either insufficient inclination or
time to assume the bridged conformation preparatory
to migration.

/3-Thiophenoxyalkyl Radical.—Pure samples of a,a-
(10) and 7,7- (11) dimethylallyl phenyl sulfides, pre-
pared by the acid-catalyzed addition of thiophenol to
isoprene, were characterized by oxidative ozonolysis to
a-phenylsulfonylisobutyric acid and phenylsulfonyl-
acetic acid, respectively. The ;erf-butyl hydroperoxide
(TBHP)X4 initiated reaction of the terminally unsat-
urated isomer 10 with n-butyraldehyde, despite no
evidence of butyraldéhyde decarbonylation, gave only
a trace of a ketonic product which boiled in a range con-
siderably lower than that expected for a keto sulfide
adduct. Only its primary allylic isomer 11 was pro-

SCeH5 scbh 5

(CH)LCH=CH2+ R- (CH3A6HCH R
10 2
(CH3:)2C=CHCH®R

11, R = SCeHs
15, R = COCsH~7

duced and recovered in high yield with ca. 50% of un-
reacted 10. Although it was thermally stable, partial
isomerization of 10 could be accomplished just by
heating at 75° in the presence of a trace of TBHP.
Isomerization, dramatically increased by a trace thio-
phenol, was complete in 30 min at 75° and, in excess
thiophenol, afforded considerable primary isomer even
at room temperature in the absence of TBHP. Its
free-radical character was supported by acceleration
with TBHP, suppression with 1,3,5-trinitrobenzene,
and an insensitivity to pyridine.

Significantly, no adduct formation accompanied
isomerization even in excess thiophenol at 75°, despite
the fact that these adducts, obtained independently16
(Scheme 1), were completely stable under the reaction
conditions. Clearly, if free-radical addition proceeded
through the expected radical intermediate (2), loss of
the tertiary thiophenoxy group must have occurred at
a rate substantially faster than chain transfer, even in
the presence of the highly reactive thiophenol (see ref
26). This behavior is quite consistent with the estab-
lished reversibility of thiol additions to olefinsI7and also
is in accord with the isomerization of a-methylallyl
methyl sulfide reported by Huyser and Kellogg.18 The
intermediate 2 (R = SCeHj reversibly formed by the
addition of a thiophenoxy radical now, unaware of its
ancestry, has a choice of /3-thiophenoxy groups to expel.
Although simple bond dissociation energy considera-
tions suggest a preference for loss at the tertiary alkyl
position, the primary sulfide 11 would accumulate in

(14) An attractive low-temperature initiator (ca. 80°) mainly because of
its ease of removal by distillation and the innocuous nature of its decomposi-
tion products. Its role is obscure, however, since its first-order rate of homol-
ysis at 80° is insufficiently fast to provide radical fragments at these tem-
peratures.’5 It usually does function nonetheless, undoubtedly as a conse-
quence of second-order-induced'~ composition (e.g., with RSH) or first-
order homolysis of subsequent reaction products [e.g., RCH(OH)00-<eri-

from reaction with aldehydes].

(15) C. Walling, “ Free Radicals in Solution,” Wiley, New York, N. Y.,
1957, pp 403, 404.

(16) The validity of Scheme | as an unambiguous synthesis of 12 via
orthodox protonation of 11 suffers from the possibility of anomalous pro-
tonation induced by thiophenoxy participation to give 13 instead. The
unequivocal preparation of 13, however, established its dissimilarity to 12.

(17) C. Walling and W. Helmreich, 3. Amer. Chem. Soc., 81, 1144 (1959).

(18) E. S. Huyser and R. M. Kellogg, ibid., 87, 2867 (1965).
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Scheme |

(CH3Z=CH CH 5C5H6

K

H

(CH3ZCHCHZX=CEH6 or (CH32CHCH— CH2
N sctb

SQH, SCeH,

(CH3ZCCHZCH.SCHH+j (CH)2CHCHCH,SCEH,

12 13
(CH32CHCHCOOH (CH3ZZHCHCH2OH
scthb sctb5
14
(CH32CHCHCOOH
Br

any case since its formation is essentially irreversible
under these conditions. Its isolation as the major
product, even from the attempted addition of butyr-
aldéhyde in the absence of thiophenol, simply attests to
the greater efficiency of the thiophenoxy radical in con-
tinuing the chain process. After the first few additions
of a butyryl radical, the expelled thiophenoxy radical
preferentially adds to the olefinic unsaturation of 10
rather than chain transfer with butyraldéhyde, and
only a small quantity of the unsaturated ketone 15
(R = COC3H7) is produced.

The overwhelming preference of the intermediate
radical (2) for elimination over admittedly rapid chain
transfer certainly compromises its opportunity for re-
arrangement, casting serious doubt on the validity of
reports of 1,2-thiophenoxy migration during the reac-
tion of acetone mercaptols with peroxides.@3 The prod-
ucts observed are probably more appropriately ex-
plained by an elimination-addition sequence.

SR

l. -RS- +RS-
chXch2--—------ FchX=ch2--—-- >chXchar

1 | |

SR SR SR

Conceivably, subsequent reaction of thiophenol and
11 to give the expected adduct 13 could have created
the misleading impression of thiophenoxy migration

H
TBHP |
(CH3)X=CHCH®R + C6H5H s> (CH3ZLCHCH®R
11, R = SC6H5 75°124 hr
16, R = OCOCH3 scbh5
13, R = SCeH5
17, R = OCOCHs

during isomerization of 10; none of this adduct was de-
tectable under these conditions, however. In fact, the
reaction of 11 with thiophenol was very slow, providing,
after 24 hr at 75°, a high recovery of reactants and only
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a few per cent of a material which, although analyzing
correctly for a 1:1 adduct, appeared to be a mixture of
isomers. In sharp contrast, the addition of thiophenol
to 7,7-dimethylallyl acetate (16) under similar condi-
tions gave >40% of an adduct identical in all respects
with 17 prepared independently by the acetylation of
14.9

/3-Acetoxyalkyl Radical.—The TBHP-initiated reac-
tion of a,a-dimethylallyl acetate (18) with thiophenol
produced essentially equivalent quantities of acetic

ococh3 ococh, ococh3
| | |
(CH32Z2CH=CH2 (CH3ZCHZHR (CH3ZHCHCHXR
18 19, R = SCeH5 20, R = SCeH5

21, R = COCH, 22, R = COCjH,

acid and 7,7-dimethylallyl phenyl sulfide (11) as well
as a single adduct by vpc which was completely stable
under the reaction conditions and identical in all re-
spects with an authentic sample of the unrearranged
adduct (19) prepared independently by acetylation of
the tertiary alcohol obtained from the reaction of
methyl /3-thiophenoxy propionate with méthylmag-
nésium iodide. The negative trend in adduct forma-
tion with increasing dilution of the reactants (Table I)

Table |
Effect of Chlorobenzene Dilution on the Reaction
Products of 6,0.-Dimethylallyl Acetate,
T hiophenol, and TBHPa

CiHksCl 11/CHjCOOH1 19C
0.00 0.53 0.45
1.00 0.58 0.40
2.00 0.68 0.30
4.50 0.74 0.23
7.50 0.79 0.16

10.00 0.80 0.13

a Values refer to moles of chlorobenzene and product/mole of
acetate employed, after 24 hr at. 75°. bTitrimetric estimates of
acetic acid; distilled recovery of 11 generally >90% of acetic
acid titer. cEstimated by saponification.

is suggestive of a competitive acetoxy radical elimina-
tion from 3 (R = SCARI) in a manner analogous to thio-
phenoxy loss from 2 (R = SCaKL). The stoichio-
metric isolation of acetic acid, however, is inconsistent
with the well-documented rapid decomposition of
acetate radicals (C02+ CH3, which is extensive even
in the presence of highly efficient radical scavengers.2
Furthermore, simple thermodynamic calculations2l
lend little encouragement to acetoxy radical loss, indi-

(19) The relatively slow rate of normal addition of thiophenol to 11 sug-
gests that the adduct isolated is at least in part |,4-dithiophenoxy-3-methyl-
butane, formed via an allylic isomerization [(CH3)2C=CHCH;SC6Hs —
CH2—C(CH3)CH2CH2SCeH6] prior to thiophenol addition in accord with
the reported isolation of 1,4-dithiophenoxybutane from the radical-initiated
addition of thiophenol to irans-crotyl phenyl sulfide (S. J. Cristol, private
communication).

(20) J. C. Martin, J. W. Taylor, and E. H. Drew, J. Amer. Chem. Soc., 89,
129 (1967).

(21) ~sc6Hef*ococH3 = exp(EococH3 ~ EsC6iit>)/RT = exp[D(CH3-
OCOCH3s) - ZKCHs-SCeH*)]/RT ~ exp (77.7 - 60.0)/0.69 ~ 14 X
10n. Z)(CH3-SC6Hs) has been estimated at 60.0 kcal by M. H. Back and
A. H. Sehon, Can. J. Chem., 38, 1076 (1960), and Z)(CHs-OCOCHSs) was
calculated as 77.7 kcal from published thermodynamic data: A/ff°.ococH3
(—49.0 kcal),2 —Atff°.cH3 (+ 32.1 kcal),8 —A//f°cH30000+ (+90.6).24

(22) L. .Taffe, E. J. Prosen, and M. Swarc, J. Chem. Phys., 27, 416 (1957).

(23) J. S. Roberts and H. A. Skinner, Trans. Faraday Soc., 45, 339 (1949).

(24) Obtained from heats of combustion of reported in International
Critical Tables of the National Research Council, Vol. V, McGraw-Hill,
New York, N. Y., 1926, p 167.
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eating that it should occur at a rate 101l slower than
thiophenoxy radical loss.

Although the free-radical nature of product formation
was implied by the stability of the reactants in the ab-
sence of TBHP, the presence of 0.25 mol % pyridine
appeared to enhance adduct yield while completely
suppressing the production of acetic acid and primary
allylic sulfide, thus suggesting strong acid involvement
in their formation. Indeed, quantities of thiophenol,
TBHP, and chlorobenzene representative of those em-
ployed in a typical reaction of 18, after 24 hr at 75° in
sealed ampules, revealed, on aqueous extraction, the
presence of 0.25-0.35 mol % of a strong acid by po-
tentiometric titration.> When solutions of 18 in thio-
phenol (no TBHP), either neat or diluted with chloro-
benzene were, in turn, spiked with comparable amounts
of p-toluenesulfonic acid, essentially quantitative con-
version to acetic acid and 7,7-dimethylallyl phenyl
sulfide (11) was observed after 24 hr at 75°, leaving
little doubt that these products derive from the strong
acid-catalyzed solvolysis of the allylic acetate in com-
petition with normal radical addition. Accordingly,
when the TBHP initiator was replaced by AIBN, only
the normal unrearranged adduct 19 was produced, and
no acetic acid and primary allylic sulfide were detected
by vpc. Chlorobenzene dilution served only to reduce
the conversion and consequently the yield of the unre-
arranged adduct consistent with the trend observed in
Table I. Significantly, no rearranged product (20) was
noted even at the lowest thiophenol concentration ex-
amined (1.3 M).

Replacement of the thiophenol with butyraldehyde,
a much less reactive chain transfer agent,® also elicited
no migration of the intermediate radical 3 (R =
COC3H7). The TBHP- or AIBN-initiated reaction of
a,a-dimethylallyl acetate (18) with pure n-butyral-
dehyde (two and tenfold excesses) gave only a single
adduct (vpc) which was characterized as the unrear-
ranged keto acetate 21 by virtue of its elemental anal-
ysis, infrared spectrum, and especially its nmr spec-
trum, which displayed a high-field methyl triplet for the
terminal methyl centered at 0.95 ppm, a strong singlet
for the (/fem-dimethyl system at 1.5 ppm, and the acetyl
methyl at 2.0 ppm. Careful vapor phase chromatog-
raphy of the reaction mixture indicated the absence of
the product of 1,2-acetoxy migration (22), obtained in-
dependently by acetylation of the major product (23)

(CH3ZTHCHO + CHXC3H7— >

1
0

OH (0] OH o

1 1 I
(CH)LHCHCHXCH, + (CHB)ZZHCHCH&CHB

23 |
CH5

of the condensation of isobutyraldehyde and 2-pent-
anone and characterized by elemental analysis and in-
frared, mass, and nmr spectra; especially definitive in
the nmr was the multiplet at 5.2 ppm due to the single
methinyl hydrogen on the carbon adjacent to the

(25) Most likely benzenesulfinie or benzenesulfonic acid, resulting from
the oxidation of thiophenol by TBHP—an unwanted bonus of this unortho-
dox initiator in this instance (see ref 14).

(26) 100% phenyl migration was observed (ref 11) during the addition of
n-butyraldehyde to 3,3-diphenyl-I-butene. In contrast, migration was com-
pletely suppressed by generation of the /3,/3-diphenylbutyl radical in the
presence of thiols.
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acetoxy group. Thus the rearranged keto acetate (22)
was readily separable from its unrearranged isomer (21)
by vpc and easily distinguishable in mixtures by nmr.

When the butyraldehyde concentration was reduced,
1,2-acetoxy migration was observed. In an AIBN-
initiated reaction of a,a-dimethylallyl acetate (18) with
butyraldehyde diluted tenfold (on moles o: acetate)
with chlorobenzene, rearranged adduct (22) (1:5, re-
arranged/unrearranged) was clearly visible both in
the vpc and nmr spectrum of the reaction mixture. Its
identity was confirmed by the elemental analysis, nmr,
and mass spectra of a pure sample isolated by prepara-
tive vpc. Further increasing the chlorobenzene dilu-
tion by another factor of five (50-fold) resulted in a de-
pressed yield of products but again clearly indicated the
presence of a substantially increased proportion of the
rearranged adduct (1:1.6). Both the unrearranged
and rearranged keto acetates were stable under the
reaction conditions.

The effect of butyraldehyde concentration on the ex-
tent of migration is summarized in Table Il. It is

Table Il
Effect of Butyraldehyde Concentration on 1,2-Acetoxy
Migration during the Addition of Butyraldehyde to
ff,a-DIMETHYLALLYL ACETATE
Rearranged (22)/

[CiHWCHO], M Unrearranged (21)
9.5¢ 0.00
6.26 0.00
1.5e 0.20
0.4e 0.63

“ Neat aldehyde/acetate (10:1); TBHP initiation. 6Neat
aldehyde/acetate (2:1); AIBN initiation. 'Aldehyde/acetate
(2:1) diluted with chlorobenzene; AIBN initiation.

especially interesting to note that a ratio of rearranged/
unrearranged product similar to that observed by
Tanner and Law8 during the decarbonylation of /3
acetoxyisovaleraldehyde was obtained at ca. twice the
aldehyde concentration. This reduced influence of the
chain transfer agent is likely a reflection of a greater
rate constant for the chain transfer of the more reactive
primary radical generated by decarbonylation and fur-
ther attests to the role of the ratio (fc2[RH]/fci) in de-
termining the extent of migration of classical unrear-
ranged radicals (see ref 13).

There appears to be little question that acetoxy mi-
gration during the addition of butyraldehyde to a,a-
dimethylallyl acetate must proceed by way of the
bridged species 6. Alternative explanations involving
an elimination-addition sequence,6a even when refined
by invoking cage recombination8 of the dissociated
fragments 24 to circumvent the rapid decomposition of

mOCOCHSs
(CH3Z=CHCH®R
24

the acetoxy radical, are not consistent with the absence
of rearranged or unsaturated products from the addi-
tion of thiophenol to the allylic acetate. Certainly the
nature of R in 3 would not be expected to significantly
influence the essentially irreversible formation of 11,
and cage recombination, by definition, should be rela-
tively insensitive to the media (thiophenol ~ butyral-
dehyde). Once generated, 24 must then collapse to
either rearranged or unsaturated products.
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The success of x delocalization in serving as a vehicle
for acetoxy and not carbethoxy migration may be a re-
flection of the geometry of their respective bridged
structures [five-membered ring (6) favored over three-
membered ring (4)]. More likely, however, it is a man-
ifestation of a greater preference for bond formation at
the electron-rich oxygen of the acetoxy carbonyl group
to give the relatively stable carbon radical 6 rather than
the high-energy oxygen radical required by bond for-
mation at the carbon of the carbethoxy carbonyl group
(4); of course, bond formation at the carbonyl cxygen
in the latter case is geometrically unfavorable.

Experimental Section

Melting and boiling points are uncorrected. Infrared spectra
were determined on Perkin-Elmer Model 21 and 257 grating
spectrometers, mass spectra on a Hitachi RMU-6 double-
focusing instrument, and nmr spectra on a Yarian T-60 spec-
trometer using tetramethylsilane as an internal standard.

Diethyl Acetal of /3,/3-Dicarbethoxy-ra-valeraldehyde.—To a
stirred, refluxing solution of 10.85 g (0.473 g-atom) of sodium in
300 ml of dry ethanol, 89.0 g (0.473 mol) of diethyl ethyl mal-
onate was added, followed by 90 min of reflux. Diethyl bromo-
acetal, 75.0 ml (0.043 mol), prepared according to the method of
McElvain,Z was added over 12 hr; another 10 ml of the bromo-
acetal was added after 12 hr and reflux was maintained for a
total of 142 hr. Conventional work-up and distillation through
a 21-in. Helix-packed column afforded 51.2 g (36%) of the acetal
as a colorless liquid, bp 109.0-109.5° (0.5 mm), 7“d 1.4304.

Anal. Calcd for Ci5SHX6: C, 59.19; H, 9.27. Found: C,
59.37; H, 9.18.

/3,i3-Dicarbethoxy-n-valeraldehyde (7).— A vigorously stirred
suspension of 13,5 g of the acetal and 40 ml of 50%
aqueous citric acid was heated under a 6-in. Vigreux column
equipped with a variable take-off head for a total contact
time of 50 min; 5.2 ml of ethanol was removed at a head
temperature of 77-80°. The colorless residue was diluted with
water, extracted with ether, and worked up conventionally.
Concentration and distillation in a nitrogen atmosphere through
a 6-in. Vigreux column gave 5.30 g of the aldehyde as a colorless
liquid, bp 98.0-99.0° (1.5 mm), nZ&d 1.4350, semicarbazone mp
(water) 124.0-124.5°.

Anal. Calcd for CnHuCh:
57.16; H, 7.60.

Decarbonylation of 0,,8-Dicarbethoxy-ra-valeraldehyde.—The
decarbonylation apparatus consisted of a 250-ml flask equipped
with a variable redux distillation head vented via an air-cooled
safety trap to a water-filled inverted 1-1. calibrated burette; a
receiver was fitted onto the stillhead to collect low-boiling ma-
terial.

Immediately upon distilling the aldehyde into the 250-ml
decarbonylation flask, optionally diluted with diphenyl ether,
the system was flushed with nitrogen, stirred magnetically, and
allowed to equilibrate (10 min) in an oil bath thermostated at
130 + 1°. Di-ierf-butyl peroxide, 0.32 g (10 mol %), was
quickly injected into the flask and gas evolution began almost
immediately. From 5.01 g (0.0218 mol) of the aldehyde a cor-
rected volume of 473 ml (97% of theory) of carbon monoxide
was collected over a 6-hr period. Conventional work-up and
distillation of the residue through a 6-in. Vigreux apparatus
provided the following fractions: (1) 3.85 g, bp 77.0-79.0°
(5.0 mm), n® 1.4167; and (2) 0.20 g, bp 70-90° (5.0-2.5 mm),
ez 1.4150; and 0.28 g of a residue, n 2D 1.4470, shown by ir to be
starting aldehyde. Fractions 1 and 2 had identical ir spectra
and exhibited only a single peak on vapor phase chromatography
indicating a 92% recovery of pure unrearranged product 8.
Fraction 1 was submitted for analysis and quantitatively hy-
drolyzed in agueous NaOH to a white crystalline solid, mp
124.5-125.2° (chloroform-Skelly B) (lit.8 for methyl ethyl
malonic acid, mp 121-122°).

Anal. Calcd for C.0H.sOu
59.67; H, 8.90.

C, 57.38; H, 7.88. Found: C,

C, 59.38; H, 8.97. Found: C,

(27) S. M. McElvain and D. Kunigar, “Organic Syntheses, '
Vol. 111, Wiley, New York, N. Y.. 1943, p 123.
(28) 1. Vogel, J. Chem. Soc., 1438 (1929).

Collect.
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Decomposition of 0.37 g of this diacid in a microstill at 170-
180° (25 mm) gave 0.129 g of a colorless distillate, nVu 1.4068,
neut equiv 102 (lit.Z* for a-methylbutyric acid, nZd 1.4051,
neut equiv 102), p-phenylphenacyl ester mp 69-70° (ethanol-
water) (lit-Zb mp 71°).

Decarbonylation of 5.10 g (0.22 mol) of the aldehyde in 17.8
ml (0.11 mol) of diphenyl ether, similarly conducted, evolved a
corrected volume of 471 ml (95% of theory) of carbon monoxide
over a 9-hr period. Distillation followed by infrared and vpc
analysis again confirmed the presence of only the unrearranged
ester in 92% vyield.

a,a- (10) and 7,7- (11) Dimethylallyl Phenyl Sulfides.—To a
solution of 62.4 ml (0.60 mol) of thiophenol, 100 ml (1.0 mol) of
isoprene, and 10 ml of dry ether cooled in an ice bath, 20 ml
(0.37 mol) of concentrated sulfuric acid was added dropwise
with vigorous stirring over a 15-min period. After stirring for
another 15 min, 43 g (0.4 mol) of powdered anhydrous sodium
carbonate was added followed by 300 ml of ice water. The
organic layer was then combined with two ether extracts of the
aqueous phase and washed repeatedly with 10% aqueous sodium
carbonate and finally with water before drying over magnesium
sulfate. Concentration and distillation of the light yellow
liquid residue through a 2-ft Podbielniak column afforded 5.5 g
of ar,a:-dimethy]allyl phenyl sulfide as a colorless liquid: bp
51.0° (0.5 mm); m2d 1.5447; ir (pertinent absorptions) 1630,
1583 (w), 1412, 908 cm*“1

Anal. Calcd for C,H,S:
74.33; H, 7.87.

Continued distillation provided the isomeric 7,7-dinr.ethylallyl
phenyl sulfide as a colorless liquid: bp 69.0-70.0° (0.5 mm);
nZd 1.5635; ir (pertinent absorptions) 1664, 1583 (s), 837 cm-1
[lit.Dfor 7,7-dimethylallyl phenyl sulfide, bp 124-126° (14 mm),
n2D 1.5644].

The structure of the low-boiling isomer was confirmed by ex-
posure of 1.0 g to a stream of 3% ozone in 15 ml of acetic an-
hydride-glacial acetic acid (1:1 v/v) at 0-5°, followed by oxida-
tion with 5 ml of 30% hydrogen peroxide at room temperature.
Conventional work-up gave 1.0 g of white needles, neut equiv
224, mp 142-143° (benzene), which was undepressed on admix-
ture with an authentic sample of a-phenylsulfonylisobutyric
acid. Similar treatment of the high-boiling isomer (1.0 g) gave
0.33 g of white flakes, mp 110-111° (benzene) (lit.3L for phenyl-
sulfonylacetic acid, mp 111.5-112.5°), and acetone, isolated as
its 2,4-DNPH, mp 124-125° (lit.Zb mp 126°).

a-Phenylsulfonylisobutyric Acid.— A solution in 50 ml of
water of 8.60 g (0.13 mol) of potassium hydroxide, 6.2 ml
(0.060 mol) of thiophenol, and 10.0 g (0.060 mol) of a-bromo-
isobutyric acid, mp 40-42°, prepared according to the procedure
of Marvel,®2 was stirred for 1 hr at 0°, heated on the steam bath
for 4 hr, and allowed to stand overnight. Conventional work-
up and distillation of the liquid residue in a 6-in. Vigreux ap-
paratus afforded 3.30 g of a pale yellow oil, bp 125.0-126.0°
(0.8 mm), which solidified completely on standing, mp 68-69°
(benzene). Exposure of this solid to a glacial acetic acid solu-
tion of 30% hydrogen peroxide for 16 hr gave, after decomposi-
tion of excess peroxide with manganese dioxide and acidification
with concentrated HC1, white needles, mp 142-143° (benzene).

Anal. Calcd for CioHiAhS: C, 52.63; H, 5.30; neut equiv,
228. Found: C, 52.87; H, 5.00; neut equiv, 228.

1,3-Dithiophenoxy-3-methylbutane (12).—To a vigorously
stirred solution of 14.6 g (0.082 mol) of 7,7-dimethylallyl phenyl
sulfide and 10.7 g (0.090 mol) of thiophenol in 50 ml of glacial
acetic acid cooled in an ice bath, 4.5 ml of concentrated sulfuric
acid was slowly added. The ice bath was removed after 10 min
and stirring was continued for 27 hr at room temperature. The
resulting two-phase solution was poured over crushed ice, diluted
with water, and extracted with carbon tetrachloride. Con-
ventional work-up followed by distillation through a 6-in.
Vigreux column afforded a 42% recovery of the primary allylic
sulfide and 8.8 g of its thiphenol adduct as a very pale yellow
liquid, bp 159.0-160.0° (0.7 mm), nZn 1.6041.

C, 74.13; H, 7.92. Found: C,

(29) (@) H. Gilman and R. H. Kirby, “Organic Syntheses,” Collect.
Vol. I, Wiley, New Ycrk, N. Y., 1932, p 353; (b) S. M. McElvain, "The
Characterization of Organic Compounds,’ Macmillan, New York, N. Y.,
1953.

(30) P. B. de LaMare and C. A. Vernon, J. Chem. Soc., 3555 (1953).

(31) A. C. Cope, D. E. Morrison, and L. Field, J. Amer. Chem. Soc., 72,
59 (1950).

(32) C. S. Marvel, "Organic Syntheses," Collect. Vol. Ill, Wiley, New
York, N. Y., 1943, p 523.
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Anal. Calcd for CUHZB2:
70.85; H, 6.96.

A solution of 0.50 g of this material in 15 ml of glacial acetic
acid and 5 ml of 30% hydrogen peroxide gave, after 2 hr on a
steam bath, the disulfone as long white needles, mp 118.4-119.4°

C, 70.81; H, 6.99. Found: C,

(EtOH-HD).

Anal. Calcd for CIHAZB24: C, 57.95; H, 5.72. Found:
C, 57.72; H, 5.72.

2-Thiophenoxy-3-methylbutanol (14).-—The crude a-thio-

phenoxyisovaleric acid (20.1 g), obtained from the reaction2 in
water of thiophenol (12.2 g, 0.11 mol), sodium hydroxide (10.0
g, 0.25 mol), and isovaleric acid (20 g, 0.11 mol), was dissolved
in 100 ml of dry ether and slowly added to a vigorously stirred
solution of 7.2 g of lithium aluminum hydride in 400 ml of ab-
solute ether cooled in an ice bath. After 15 min the ice bath
was removed and the reaction mixture was refluxed on the steam
bath overnight. After cooling, 14.4 ml of water and 11.5 ml
of 10% aqueous sodium hydroxide were added successively with
vigorous stirring and the suspension was filtered. Concentra-
tion left 13.8 g of a colorless liquid which on distillation in the
6-in. Vigreux apparatus afforded 8.0 g of the thiophenoxy al-
cohol as a colorless liquid, bp 93.0-93.5° (0.5 mm), nZ2D 1.5542.
Oxidation with excess 30% hydrogen peroxide in acetic acid
followed by reaction with 3,5-dinitrobenzoyl chloride provided
the 3,5-dinitrobenzoate of 2-phenylsulfonyl-3-methylbutanol as
colorless plates from ethanol, mp 120.0- 121.0°.

Anal. Calcd for CisH”MOgI™S: C, 51.19; H, 4.30.
C, 50.98; H, 4.17.

1,2-Dithiophenoxy-3-methylbutane (13).—To 1.00 g of 2-
thiophenoxyisoamyl alcohol in a test tube was slowly added
3.0 ml of thionyl chloride with cooling. After the initial vigorous
reaction and copious evolution of gas subsided, the solution was
heated in an oil bath at 65° for 10 min and then excess thionyl
chloride was removed to give 1.1 g of a pale yellow liquid residue
which was then taken up in 5 ml of methanol and refluxed for 2
hr with a solution of 0.61 g of thiophenol and 3 ml of methanol
containing 5.00 ml of 1.11 A sodium methoxide in methanol.
Dilution with water and extraction with pentane gave 1.29 g
of the crude I|,2-dithiophenoxy-3-methylbutane as a colorless
liquid residue. A solution of 0.50 g of this residue in 15 ml of
glacial acetic acid was oxidized with 5 ml of 30% hydrogen
peroxide to afford a colorless oil which crystallized to white
plates, mp 87.6-89.2° (benzene-hexane); admixture with the
disulfone of 1,3-dithiophenoxy-3-methylbutane gave mp 77-
107°.

Anal. Calcd for CIHZB2D4 C, 57.95; H, 5.72.
C, 58.08; H, 5.62.

ieri-Butyl Hydroperoxide Initiated Reaction of a,«<-Dimethylal-
lyl Phenyl Sulfide with n-Butyraldehyde.— A solution of 5.00 g
(0.028 mol) of the sulfide and 10.0 g (0.140 mol) of freshly dis-
tilled w-butyraldehyde was stirred in an oil bath for 15 min at
80° while the system was flushed with nitrogen. The nitrogen
flow was terminated, 0.25 g (0.003 mol) of iert-butyl hydro-
peroxide was injected, and the reaction mixture was allowed to
remain at 80° for 9 hr; a negligible quantity of gas was evolved.
Distillation through a 6-in. Vigreux provided the following
fractions: (1) 0.85 g, bp 55-70° (750 mm), n2D 1.3790; (2)
3.42 g, bp 70-71° (750 mm), n2D 1.3770; (3) 3.99 g, bp 73-43°
(150 mm), n2D> 1.3772; (4) 1.15 g, bp 48-53° (0.3 mm), reXD
1.4902; (5) 2.41 g, bp 53-67° (0.3 mm), tXd 1.5320; (6) 1.29 g,
bp 67-80° (0.3 mm), n2ld 1.5530; and 0.068 g of an amber liquid
kettle residue. Fractions 1-3 were .essentially butyraldehyde;
fractions 4-6 as well as the residue consisted mainly of isomeric
mixtures of a,a- and 7,7-dimethylallvl phenyl sulfides in varying
proportions as indicated by ir. The spectrum of fraction 4 also
suggested the presence of ketonic material.

ieri-Butyl Hydroperoxide Initiated Reaction of a,a-Di-
methylallyl Phenyl Sulfide with Thiophenol.— A solution of 3.00
g (0.017 mol) of the tertiary sulfide, 3.70 g (0.034 mol) of thio-
phenol, and 0.15 g (0.002 mol) of ieri-butyl hydroperoxide was
stirred at 75° for 2 hr. Distillation through a 6-in. Vigreux
apparatus revealed a small amount of uncollected volatile ma-
terial, presumably hydroperoxide and hydroperoxide decompo-
sition products, and provided the following fractions: (1)
3.42 g, bp 59-39° (10-1 mm), n&d 1.5850; (2) 0.46 g, bp 60-64°
(0.5 mm), 7xd 1.5535; (3) 1.91 g, bp 64-65° (0.5 mm), n2D
1.5629; and 0.61 g of an amber residue which solidified on stand-
ing and gave fine white needles, mp 60-61° (MeOH), identified
as diphenyl disulfide. Fractions 2 and 3 were identified by ir
as 7,7-dimethylallyl phe