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If significant data or conclusions in a manuscript have been
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reviewers; to avoid delays, these should be submitted with the
manuscript.
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on the contents.
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cal Abstracts (CA indexes are prepared from the full paper).
The abstracts for notes will not be printed in The Journal of
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sheet for direct transmittal to Chemical Abstracts by this journal.
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this is not contained in the title), the principal results, and major
conclusions. Reference to structural formulas or tables in the
text, by number, may be made in the abstract. For a typical
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be cited.
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tion of experimental details in the discussion section, e.g., physical
properties of compounds, should be kept to a minimum.

All sections of the paper must be presented in as concise a
manner as possible consistent with clarity of expression. In the
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be given when possible, rather than repetitive individual de-
scriptions. Standard techniques and procedures used through-
out the work should be stated at the beginning of the Experimen-
tal Section. Tabulation of experimental results is encouraged
when this leads to more effective presentation or more economical
use of space. Spectral data should be included with other physi-
cal properties and analyses of compounds in the Experimental
Section or in tables. Separate tabulations of spectral values
should be used only when necessary for comparisons and discus-
sion.

In lengthy papers, authors are encouraged to organize the
manuscript so that the principal findings and conclusions are
concisely presented in an initial section (Part A), with supporting
data, experimental details, and supplementary discussion in a
Part B [see J. Org. Chem., 35 (11), 16A, 3591-3646 (1970)].

Spectra.—Reproductions of spectra, or the relevant segments
thereof, will be published only if concise numerical summaries
are inadequate for the purposes of the paper. Papers dealing
primarily with interpretation of spectra, and those in which
band shape or fine structure needs to be illustrated, may be
published with such spectra included. When presentation of
spectra is deemed essential, only the pertinent sections (prepared
as indicated for “Illustrations” ) should be reproduced. Spectra
will not be published merely as adjuncts to the characterization
of compounds. However, spectra may be submitted for publi-
cation in the microfilm edition (see below). Routine spectral
data should be summarized in the Experimental Section (see
below).

Microfilm Edition and Supplementary Data.—Arrangements
have been made to expand the microfilm edition of this journal
to include various types of “supplementary” data {e.g., spectral
data, X-ray data, expanded discussion of peripheral points,
etc.). A footnote in the paper [for format, see J. Org. Chem.,
36, 2 (1971), footnote 2] will indicate the nature of the supple-
mentary data to be found in the microfilm edition. For the
microfilm edition, captions or legends for figures, spectra, etc.,
should appear directly on the figure rather than on a separate
page as required for the printed edition. Single copies of the
supplementary material can be obtained from the Reprint
Department of the ACS Publications Office. For further
information, see Editorial, J. Org. Chem., 36 (13), 2A (1971).

Nomenclature should conform with American usage and, in-
sofar as practical, with the Definitive Rules for Nomenclature,
Sect. A-C, of the International Union of Pure and Applied
Chemistry and with the practices of Chemical Abstracts. The
Definitive Rules, Sect. A and B, may be found in 3. Amer. Chem.
Soc., 82, 5545 (1960); “IUPAC Definitives Rules for Nomen-
clature of Organic Chemistry,” Sect. A and B, 2nd ed, Butter-
worths, London, 1966; Sect. C, Butterworths, London, 1965. A
guide to Chemical Abstracts usage is found in Chem. Abstr., 56,
Subject Index, In (Jan-June 1962). For cyclic systems, see
A. M. Patterson, L. T. Capell, and D. F. Walker, “ Ring Index,”
2nd ed, American Chemical Society, Washington, D. C., 1960;
and Supplements I—+1l. For rules of carbohydrate nomencla-
ture see J. Org. Chem., 28, 281 (1963); for steroid nomenclature,
see ibid., 34, 1517 (1969); for nomenclature on stereochemistry,
see ibid., 35, 2849 (1970).

Abbreviations for compounds should be defined when first used.
In general, trade names should be avoided. Use of linear formu-
las for simple molecules to save space in tables and experimental
sections is encouraged.

Preparation of Manuscripts.—Manuscripts should be sub-
mitted in triplicate and must be typewritten, double spaced, on
substantial paper. (Abstracts and footnotes should also be
double spaced to allow room for copy editor’'s symbols and desig-
nations of type size, etc.) Clear, sharp copies made by a perma-
nent duplication process are acceptable and are preferred, for
second and third copies, to carbon copies. Authors should
consult recent issues of the journal as a guide to format for typing,
headings, etc.

Authors must assume full responsibility for all aspects of
manuscript preparation. Extensive changes of minor points, or
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rewriting of the manuscript, cannot be undertaken in the edi-
torial offices. Authors who are not fully familiar with idiomatic
English should obtain help from a colleague in order to prepare
manuscripts in proper style. Papers that appear to require ex-
tensive revision in grammar or format may be returned to authors
without review.

Footnotes include both literature citations and explanatory
notes and must, therefore, be numbered in one consecutive series.
In the text, footnotes are indicated as unparenthesized super-
scripts.  The footnotes may be placed, suitably offset, following
the line of text in which they are cited, or they may be grouped in
numerical order at the end of the manuscript. All nontechnical
information (grant numbers, present address of author to whom
inquiries should be directed if this information is not obvious
from the heading, etc.) should be given in the subdivisions (a, b,
c,...) of footnote 1 Addresses of coauthors should not be
included. An asterisk designates the name of the author to
whom correspondence should be sent.

In literature references, journal abbreviations should be those
used by Chemical Abstracts (see Chemical Abstracts Service Source
Index, formerly Access).

Tables should be numbered consecutively with Roman numer-
als and should be included at the proper places in the manu-
script. Footnotes in tables should be given letter designations
and cited in the table by superscript letters. The sequence of
letters should proceed by line rather than by column. If a
footnote is cited both in the text and in a table, insert a lettered
footnote in the table to refer to the numbered footnote in the
text. Each table should be provided with a descriptive heading,
which, together with the individual column headings, should fhake
the table, as nearly as possible, self-explanatory. In setting up
tabulations, authors are requested to keep in mind the type area
of the journal page (7 X 10in.), and the column width (approxi-
mately 3Vi in.), and to make tables conform to the limitations of
these dimensions. Arrangements that leave many columns
partially filled or that contain much blank space should be
avoided insofar as possible.

Abbreviations and linear chemical formulas should be used
liberally in headings and columns of tables; structural formulas
should not be used in column headings or in the body of tables
but may be used in the main heading.

For instructions on tabular presentation of combustion anal-
ytical data, see “Analyses” under Experimental Section (below).

Structural formulas should be prepared with care and with a
view to the most economical use of space. All structures should
be numbered in boldface Arabic numerals. In charts, assign
numbers consecutively from left to right, top to bottom regardless
of the order in which the compounds are discussed in the text.
Repetition of the same structure should be avoided; the number
of an earlier structure may be used alone if a compound occurs
several times in formula schemes. Abbreviations such as Me for
CH3 Et for C2H4, and Ph (but not <5 for CeHs are acceptable.

Structural formulas are redrawn by the printer. Any special
features or important points in structural drawings should be
clearly indicated on the manuscript. Where needed, numbers
such as nmr chemical shifts may be included directly on struc-
tural formulas.

Although fairly complicated structures can be redrawn in the
standard format, unusually complex formulas, or drawings in
which perspective is crucial, may be better submitted as copy
suitable for direct photographic preparation of an engraving.-
It is not necessary to provide such copy for standard structural
formula layouts. In the preparation of engraver’s copy of com-
plex drawings, careful lettering (e.g., with a Leroy set or similar
device) is required.

Illustrations should be submitted as original inked drawings or
as high-contrast, glossy photographic copies of drawings. Xerox
or similar copies are not suitable for reproduction, but may be
used for duplicate copies. All illustrations prepared as engraver’s
copy should be numbered as “Figures,” with Arabic numerals.
Blocks of structural formulas should not be designated as “Fig-
ures;” these can be designated “Charts” or “Schemes” as appro-
priate. Charts and schemes should be footnoted in the manner
described for tables. Each illustration must be identified
on the back with author, title, and figure number. The figure
number (Arabic) must be typed on a separate sheet, together
with the legend. More detailed information on the preparation
of structural formula charts and illustrations may be found in the
“Handbook for Authors” (see below).

Experimental Section.—Clear, unambiguous expression in
experimental descriptions _is highly important. Authors are
encouraged to use the briefest style possible, consistent with
clarity, in experimental descriptions. The title of an experiment
should give the full name and formula number of the product

prepared, when appropriate, but this compound may be identified
thereafter by formula number. Abbreviations or chemical
formulas for simple chemicals are encouraged, as well as the use
of a structural formula number rather than a lengthy chemical
name to identify a starting material. When a derivative is
prepared by a standard procedure, no details beyond melting
point, analysis, and important spectral data need be given.
Repetitive descriptions of a general procedure should be avoided.
Special attention should be called to hazardous compounds or
operations.

Standard abbreviations should be used throughout the Experi-
mental Section. Please note that these are used in ACS journals
without periods. The preferred forms for a few of the more
commonly used abbreviations are mp, bp, min, hr, pi, ml, g, mg,
cm, Hz, nm, ppm, tic, vpc (or gc), nmr, uv, and ir. The abbrevia-
tion for liter, 1, has a period to distinguish it from the numeral
“one.”

Analyses.—Adequate evidence to establish purity should be
provided for new compounds. In general this should include
combustion analytical data. When such data are collected in
tables they will not, in general, be printed. The data should,
however, be included for examination by reviewers and editors.
A footnote to the table should state that, e.g., “Satisfactory anal-
ytical data (+0.4% for C, H, N, etc.) were reported for all new
compounds listed in the table.” Any exceptions to this should
be specifically stated in the footnote. The tabular analytical
data, the footnote, and any exceptions should appear in the or-
iginal and all revisions of the manuscript in such form that the
editor at time of acceptance of a paper may verify and initial the
footnote, and cross out the tabular analytical data. Isolated
analyses should be reported in the Experimental Section in the
usual format and will be printed.

Physical constants and spectral data should be presented in a
uniform way as illustrated in the following example.

(In nmr descriptions, s = singlet, d = doublet, t = triplet,
m = multiplet.)

"The ethereal extract was dried (t"jSO”), con-
centrated, and distilled giving 10.23 g (65%) of
bp 82-83° (2.9 mm);
n25D 1.4266 [lit.6 bp 80-82° (3 mm); n25D 1.4261];
d254 0.823; [a]25D 0.0° (¢ 6, C~OIl); uv max
(95% EtOH) 275 nm (e 21); ir (CCl14) 1725 (C=0),
1740 cm 1 (ester C=0); nmr (CC14) 8 3.98 (t,

2, J =6 Hz, CHgOAc), 2.43 (t, 2, J = 6 Hz,
CHgCo), 2.07 (s, 3), 1.97 (s, 3), and 1.6 (m,

the acetoxy ketone 12:

4); mass spectrum (70 ev) m/e (rel intensity)
158 (5), 143 (5), 115 (6), 100 (50), 99 (II),
98 (100), 85 (10) ."

Proofs and Reprints.— Manuscript and proofs are sent to the
author who submitted the paper. Foreign contributors may
authorize a colleague in this country to correct proofs, but in this
case they should bear in mind that reprint orders and page charge
authorizations are handled at the time the proofs are returned.

Page Charge.,—A page charge is assessed to cover in part the
cost of publication. Payment is expected but is not a condition
for publication. Papers are accepted or rejected only on the
basis of merit, and the decision to publish a paper is made be-
fore the charge is assessed. The charge per page is $50.

Corrections.— If errors of consequence are detected in the
published paper, a correction of the error should be sent by the
author to the Editor, F. D. Greene, for publication in the “Addi-
tions and Corrections” section.

Registry Number.—Chemical Abstracts Service (CAS) is
establishing a computer-based National Chemical Compound
Registry System. Registry numbers are assigned to compounds
by CAS after acceptance of a paper and appear in a separate
paragraph at the end of the paper and sometimes in tables. [See
R. J. Rowlett, Jr., F. A. Tate, and S. L. Wood, J. Chem. Doc.,
10, 32 (1970); see also J. Org. Chem., 36 (13), 2A (1971).

ACS Author Handbook.—Further general information on the
preparation of manuscripts for ACS journals may be found in the
“Handbook for Authors,” available from the Special Issues Sales
Department, 1155 Sixteenth St., N.W., Washington, D. C.
20036.
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The acid-catalyzed isomerization of (—)-thujopsene (1) under nonaqueous conditions proceeds principally via
the isolable spiro olefin intermediates a- and /3-chamigrene (8 and 9) to a complex mixture of isomeric tricyclic

olefins.
1(9)-octalin (10).

The tricyclic sesquiterpene (—)-thujopsene is known
to occur widely in genera belonging to the natural order
Cupressales.1 Originally isolated from Hibawood oil,2
it has subsequently been shown to be present also in
American cedarwood 0il.3 The first correct structure

for thujopsene was deduced by Erdtman and Norm&b

and subsequent stereospecific total syntheses6 of its
racemate and evidence from chemical degradation6
has confirmed the earlier4structural assignment. The
absolute configuration of (—)-thujopsene was initially
assigned by Enzell7 and later confirmed by Dauben
and Oberhansli8 and the naturally occurring sesquiter-
pene is thus known to possess structure 1.

With the structure of (—)-thujopsene well estab-
lished, attention has focused on the chemistry of this
unusual molecule, especially protonation with appro-
priate acid catalysts to the rearrangement-prone cyclo-
propylcarbinyl cation system. Thujopsene (1) treated
with aqueous oxalic acid was reported by Nagahamadito
give an unidentified hydrocarbon and widdrol (3).
Dauben and Friedrichl011 reported that treatment of
thujopsene with perchloric acid in aqueous dioxane
afforded primarily widdrol (3) and a bicyclic diene
identified as 1,4,11,11-tetramethylbicyclo[5.4.0]Jundeca-
3,7-diene (5). Subsequent isomerization studies12-14

(1) T. Norm, Acta Chem. Scand., 15, 1676 (1961).

(2) M. Yano, J. Soc. Chem. Ind. Jap., 16, 443 (1913); S. Uchida, ibid.,
31, 501 (1928).

(3) J. Runeberg, Acta Chem. Scand., 14, 1288 (1960).

(4) H. Erdtman and T. Norin, Chem. Ind. {London), 622 (1960); T.
Norin, Acta Chem. Scand., 15, 1676 (1961); S. Forsen and T. Norin, ibid.,
15, 592 (1961).

(5) W. G. Dauben and A. C. Ashcraft, J. Amer. Chem. Soc., 85, 3673
~1963); G. Buchi and J. D. White, ibid., 86, 2884 (1964); K. Mori, M. Ohki,
A. Kobayashi, and M. Matsui, Tetrahedron, 26, 2815 (1970).

6) T.Norin, Acta Chem. Scand., 17, 738 (1963).

7) C. Enzell, ibid, 16, 1553 (1962).

8) W. G. Dauben and P. Oberhansli, 3. Org. Chem., 30, 3947 (1965).

9) S. Nagahama, BUll. chem. Soc. Jap., 33, 1467 (1960).

10) W. G. Dauben and L. E. Friedrich, Tetrahedron Lett., 1735 (1967).

11) L. E. Friedrich, Dissertation No. 67-8559, University Microfilms,
Inc., Ann Arbor, Mich.

12) V1. G. Dauben and L. E. Friedrich, Tetrahedron Lett., 2675 (1964).

The major component of this complex mixture is rigorously shown to be 7,10-ethano-4,4,7-trimethyl-

employing racemic dideuteriothujopsene (2) afforded
dideuteriowiddrol (4) and dideuterated bicyclic diene
6 with the deuterium label in the final products on
different carbon atoms. These authors presented a
mechanism which accounted for the divergent path-
ways observed. Further acid treatmentll®3 of diene
5 afforded a tricyclic hydrocarbon identified as 2,2,3,7-
tetramethyltricyclo [5.2.2.018lundec-3-ene (7).

Ri fb Ri R, R2

3,R,= R2=H 5R, = R2=H
LRi=Re=H L o
2R =1b=D 4 ,R1= R2=D 6,R1=R2=D

Recently Ito and coworkers’ have reported similar
results in their studies on the perchloric acid-aqueous
dioxane isomerizations of thujopsene (1) and, in addi-
tion, identified small amounts of /3-chamigrene (9)
and a tricyclic hydrocarbon assigned structure 10 but
whose structure was not rigorously proved.

We have found that the acid-catalyzed isomeriza-
tion of (—)-thujopsene (1) under nonaqueous condi-
tions affords as the major initial products the isolable
spiro olefin intermediates a- and /3-chamigrene (8 and
9).187 Subsequent rearrangement affords an isomeric
series of principally two tricyclic olefins which we shall
here designate as olefin A and olefin B. We will dis-
cuss later the rigorous structure proof of olefin B and
its formulation as 7,10-ethano-4,4,7-trimethyl-1(9)-
octalin (10).

(13) W. G. Dauben and L. E. Friedrich, Abstracts of the International
Union of Pure and Applied Chemistry, Fifth International Symposium on
the Chemistry of Natural Products, London, July 8-13, 1968, pp 296-297.

(14) W. G. Dauben and E. I. Aoyagi, Tetrahedron, 26, 1249 (1970).

(15) S. It6é, M. Yatagai, and K. Endo, Tetrahedron Lett., 1149 (1971);
S. Itd, M. Yatagai, K. Endo, and M. Kodama, ibid., 1153 (1971).

(16) S. Itd, K. Endo, T. Yoshida, M. Yatagai, and M. Kodama, Chem.

Commun., 186 (1967).
(17) Y. Ohtaand Y. Hirose, Tetrahedron Lett., 2483 (1968).
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Table |
Acid/ Yield, %,
thujopsene Time, hydro- Unidenti-
Entry Acid Wt ratio T, °C hr carbors 7 iik 106 9 5 8 fied*
Thujopsene
1 Formic (90%) 0.1 100 1 96 0 0 0 28 8 55 9
2 Polyphosphoric 0.02 40 3 93 2 0 0 29 13 53 3
3 Polyphosphoric 0.4 40 3 89 11 28 42 0 0 9 10
4 Phosphoric 0.4 40 3 93 7 5 18 6 11 46 7
(100%)
5 Perchloric 0.4 40 3 90 17 30 44 0 0 2 7
(70%)
6 Sulfuric (98%) 0.4 40 3 93 34 21 29 0 0 7 9
Chamigrenes¥
7 Polyphosphoric 0.4 40 3 95 13 24 37 0 0 13 13
8 Sulfuric (98%) 0.4 40 3 90 18 28 42 0 0 1 n
9 Perchloric 0.4 40 3 89 17 29 42 0 0 1 11
(70%)

“Entry 1 contains no acetic acid; for the other entries a 1:1 wt ratio of thujopsene to acetic acid was employed.
Carbowax 20M column. Analysis on a liquid crystal or an SF-96 column shows that these two components are actually five compounds
in a 5:30:12:18:35 ratio. ‘ Entries 3 and 5-9 contain approximately 5% cuparene (13) reported under unidentified hydrocarbons.
dThe distilled mixture obtained from entry 1was used in these isomerizations.

6Analysis on a

Our general acid isomerization conditions employed Scheme |
were various concentrations of strong mineral acids in
acetic acid. Acetic acid, although not a sufficiently
strong acid to isomerize thujopsene at the temperatures
employed, served as a useful solvent in which to con-
duct the desired isomerizations. These conditions led
to high yields of distilled isomerized olefin products and
to low amounts (less than 5%) of acetate byproducts.
The reaction mixtures were analyzed directly by gas
chromatography and mass spectrometry, and individ-
ual components were subsequently purified via spin-
ning-band distillation and identified by comparison of
spectral data with authentic samples where available.
Some of our pertinent results are summarized in Table
I

Treatment of (—)-thujopsene with formic acid (en-
try 1) or low ratios of polyphosphoric acid in acetic acid
(entry 2) led principally to the optically active a- and
/3-chamigrenes (8 and 9) with only a minor amount of
the bicyclic diene 5 reported by previous workers101116 9 8
as the principal product under agueous acid conditions.

The chamigrene mixture above when treated with
higher ratios of strong mineral acid in acetic acid (en-
tries 7-9) led to the formation of the tricyclic olefin
mixture 7, 10, and 11. Almost identical ratios were ob-
tained when (—)-thujopsene itself was subjected to the
same conditions (entries 3 and 5), while sulfuric acid
(entry 6) afforded a somewhat higher amount of tri-
cyclic olefin 7. Tricyclic olefin 7 is optically active,
whereas olefins 10 and 11 are both inactive. Reactions
interrupted at partial conversion (entry 4) showed that
the /3-chamigrene (9) disappeared far more rapidly than
the a-chamigrene (8) and that tricyclic olefin 10 was
formed more rapidly than olefin 11.

Although these results would seem to imply the in-
volvement of a rapid 9 —10 conversion and a slow 8 —

8a

11 conversion, the rearrangement pathway is best ac-
commodated via a slow 8 -> 9 isomerization followed by
a rapid 9 —» 10 conversion and a subsequent slow 10 -*e
11 isomerization as outlined in Scheme |I. Protonation
of (—)-thujopsene (1) leads to the bicyclic cation Ib
via cyclopropyl ring opening of initially formed cation
la. Cation Ib is a key intermediate in this sequence

since two divergent rearrangement pathways are pos-
sible. Path A affords cation 5a via angular methyl
migration and generation of bicyclic diene 5 by subse-
quent proton loss. This pathway has already been
shown to hold for diene 5 by the deuterium labeling
studies12-14 which led to the dideuteriodiene 6 from
dideuteriothujopsene (2). Alternatively, path B would
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afford the spiro cation 8a via ring contraction from cat-
ion Ib, subsequent proton loss generating both a-
chamigrene (8) and /3-chamigrene (9).

Bicyclic diene 5 is reportedll to be optically active
and we also find that both the a- and /3-chamigrenes
(8 and 9) generated under our conditions retain high
optical purity of the same sign of rotation as the cham-
igrenes isolated from natural sources.’87 These re-
sults imply highly stereoselective bond migrations dur-
ing the isomerization process. Ito and coworkersb
likewise report that the /3-chamigrene (9) isolated under
their conditions retains high optical purity.

Subsequent rearrangements of diene 5 eventually
lead to tricyclic olefin 7 reported1113 and confirmed by
us to be optically active. The a-chamigrene (8) slowly
isomerizes to /3-chamigrene (9) which, known from its
chemistry to preferentially react at the less hindered
trisubstituted double bond,16 readily generates cation
9a. Cyclization of cation 9a to tricyclic cation 10a
then affords inactive (no asymmetric center) tricyclic
olefin 10. These findings are substantiated by the ob-
servations of It6 and coworkers®5 that /3-chamigrene
(9) upon further mild isomerization affords the tri-
cyclic hydrocarbon 10 as the major product.

Several minor components of unknown structures are
combined in Table | under the heading unidentified
hydrocarbons. For entries 3 and 5-9 we have shown
approximately 50% of these unidentified components
to be identical with the known hydrocarbon cuparene
(13).8 The formation of this optically active hydro-
carbon undoubtedly arises via cuprenene 12, known19
to readily aromatize to cuparene (13) as outlined in
Scheme Il. This product also exhibits a high degree

Scheme |1

13 12

of optical purity again pointing to stereoselective bond
migrations during the isomerization process.

Olefins A and B were separated free from contamina-
tion by each other via careful spinning-band distilla-
tion; however, nmr evidence indicated that neither
component was pure. A column was eventually found
which showed that the 40:60 mixture of product olefins
A and B contained at least five components in a 5:30:
12:18:35 ratio. Separate acid treatment of either ole-
fin A or B afforded identical mixtures of the same five
components.

In view' of the complexity of the above equilibrium
mixture WE concentrated our efforts on the structure
elucidation of olefin B since this component was the one
initially formed from /3-chamigrene (9) and also was the

(18) C. Enzell and H. Erdtman, Tetrahedron, 4, 361 (1958).
(19) W. G. Dauben and P. Oberhansli, J. Org. Chem., 31, 315 (1966).
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major (35%) component of the equilibrium mixture.
A spinning-band prepared sample of olefin B (judged
by nmr to be 65-70% pure, but free from olefin A) was
utilized in subsequent transformations as outlined in

Scheme I11. Ketone 14 was readily prepared via hy-
Scheme 111
15 16

droboration-oxidation of olefin 10 and Jonesd oxida-
tion of the resulting secondary alcohol mixture. Treat-
ment of ketone 14 with lithium acetylide afforded the
tertiary alcohol derivative 15 which smoothly rear-
ranged upon heating in formic acid to the methyl ke-
tone known2l to possess structure 16. The structure
of olefin B is thus rigorously shown to be the tricyclic
olefin 7,10-ethano-4,4,7-trimethyl-1(9)-octalin (10).

We have as yet no definitive proof for the structure
of olefin A, the 30% equilibration component, but pre-
fer structure 11. Spectral evidence is not unequivocal
and other reasonable structures can be postulated. No
attempts have been made to elucidate the structures of
the remaining minor equilibration components.

The factors which govern the ratio of path A to path
B (Scheme 1) are not clearly understood. We confirm
earlier observations11,15 that thujopsene treated with
dilute perchloric acid in agueous dioxane affords pre-
dominantly the bicyclic diene 5 (path A) with only mi-
nor amounts of a- and /3-chamigrene. Our conditions
utilizing acetic acid or formic acid as solvent greatly
favor the path B products and we observe in general
only minor amounts (~15%) of products derived via
path A.

Indirect evidence strongly suggests that the initial
products (8 and 9) from path B do not lead to any prod-
ucts (5) from path A and vice versa. The known
amount of path A derived products (Table I, entry 1,
olefins 7 and 5) of thujopsene treated with formic acid
is roughly the same as that obtained when this mixture
is further isomerized with stronger acids (entries 7-9).
Some deviation is to be expected since the fate of the
undefined components (7%) is unknown. Further-
more, sulfuric acid-acetic acid treatment of thujopsene
(entry 6) affords significantly more products from path
A than when the chamigrene mixture (entry 8) is em-
ployed under the same conditions. This latter result
implies a difference in the fate of initially formed cation
Ib (path A vs. path B ratio) and not that cations 8a and
5a themselves interconvert via the intermediacy of cat-

(20) K. Bowden, I. M. Heilbron, E. R. H. Jones, and B. C. L. Weedon,

J. Chem. Soc., 39 (1946).
(21) H. U. Daeniker, A. R. Hochstetler, K. Kaiser, G. C. Kitchens, and

J. F. Blount, J. Org. Chem., 36, 6 (1971).
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ion Ib, which would predict identical product ratios in
entries 6 and 8.

More direct evidence on this question was obtained
by the isomerization of a sample of a-chamigrene (con-
taining 4% of an unidentified component but no bi-
cyclic diene 5) with sulfuric acid-acetic acid. Detailed
analysis of the product showed only 1.5% of tricyclic
olefin 7 derived from path A, the remaining products
identified as the olefin A and B mixture (93%), cupa-
rene (13, 3.5%), and an unidentified component (2%).
Cation 8a must of necessity be involved in this trans-
formation in order to convert to cation 9a for further
cyclization, but virtually no conversion to cation Ib and
entry to the path A products is observed. Similar re-
sults have recently been reported5for the further isom-
erization of /3-chamigrene (9).

Olefin 7 clearly does not arise from the olefin A and
B mixture since isomerization of a sample of olefin B
(10) under our standard conditions afforded no tricyclic
olefin 7 or any of the chamigrenes, implying no appre-
ciable reversal to cation 9a from cation 10a. Further-
more, Dauben and FriedrichBhave already shown that
bicyclic diene 5 is converted to tricyclic olefin 7 in 70%
yield upon further isomerization and thus implying
minimal crossover of this path A product to the path B
products observed under our conditions.

Closer inspection of the results of the previously re-
ported1115 isomerizations under aqueous acid condi-
tions shows that the initial reaction of thujopsene is hy-
dration to widdrol (3) and that the isomerized products
may actually arise from the solvolysis of this tertiary
alcohol. Both compounds, however, should afford the
same intermediate cations and lead to the same prod-
ucts under identical treatment. Indeed, treatment of
widdrol (3) with sulfuric acid-acetic acid gave the same
product mixture as obtained directly from thujopsene
showing that under nonaqueous conditions the path B
products again predominate.

The difference in behavior between the two sets of
isomerization conditions (strong acid in aqueous Vs.
nonaqueous media) apparently lies in subtle solvation
effects on the intermediate cations la and Ib which lead
to path A preference in aqueous acid and to path B
preference in nonaqueous acid. Thus by appropriate
choice of conditions a number of different isomerization
olefins can be obtained as the major products.

Experimental Section

Materials and Equipment.— (—)-Thujopsene was readily ob-
tained in 99% purity by careful fractional distillation of Hiba-
wood oil through a 2-ft Goodloe column: bp 67-68° (0.5 mm);
nKd 1.5050; [a] Kn —92.5° (neat).

Spectra were recorded using a Perkin-Elmer 457 grating ir spec-
trophotometer, Varian A-60A nmr spectrometer, and a Perkin-
Elmer 270 double-focusing mass spectrometer. Spinning-band
separations were accomplished with a Nester-Faust NFA-100
antoannular Teflon spinning-band column. Vapor phase chroma-
tography (vpc) was carried out with an F & M 720 equipped with
a2m X 0.25in. copper column packed with 15% Carbowax 20M
on Chromosorb P (column A) or a Beckman GC-5 equipped with a
500 ft X 0.03 in. SF-96 coated stainless steel capillary column
(column B). The retention times (7\) on these columns of the
olefins identified in this study relative to a-chamigrene (8) are
summarized in Table I1.

Formic Acid Treatment of (—(-Thujopsene (1).—A mixture of
thujopsene (120 g) and 90% formic acid (12 g) was heated at 100°
for 1.0 hr, then cooled and poured into 100 ml of water, and ex-
tracted with benzene. The organic extracts were washed with
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Table Il
Olefin Tr (column A) Tr (column B)

Tricyclic olefin 7 0.62 0.79

Thujopsene (1) 0.64 0.81

Olefin A (11) 0.72 0.83,0.87"

Olefin B (10) 0.82 0.90,° 0.91,° 0.94"
~-Chamigrene (9) 0.90 0.89

Bicyclic diene 5 1.00 0.99

a-Chamigrene (8) 1.00 1.00

Cuparene (13) 1.30 1.18

° These five components are present in the olefin A-olefin B
mixture; the peak with T, = 0.87 is pure olefin A (11) and that
with Tr = 0.94 is pure olefin B (10). The structures of the peaks
with T, = 0.83, 0.90, and 0.91 are unknown.

water, sodium bicarbonate solution, and water. The solvent
was removed under reduced pressure and distilled affording 115 g
(96%) of hydrocarbon mixture, bp 65-75° (0.5 mm), [a] Bd —21°
(neat). Analysis of this mixture by gas chromatography gave the
composition in Table I, entry 1.

(—)-/3-Chamigrene (9).— A sample of the hydrocarbon mixture
above (100 g) was separated via careful spinning-band distillation
and the progress of the distillation monitored by vpc. A sample
of /3-chamigrene in 95% purity exhibited the following characteris-
tics: bp 109-110° (5 mm); A  1.5105; [aj*D —52° (neat) [lit.B
faj1sa -52.7° (CHC13)1; ir (neat) 1638, 1388, 1368, 890, 804
cm"l «SE" 5.30 (m, 2, Wn/i = 8 Hz), 4.88 (m, 1, Wh/i = 4
Hz), 454 (d, 1,J = 2Hz), 1.58, 0.87, 0.88 (s, 3 each); mass spec-
trum 204 (26), 189 (79), 119 (60), 107 (65), 105 (72), 93 (100).
These spectral data are identical with those reportedi6for (—)-/3-
chamigrene isolated from natural sources.

Anal. Calcd for CisH24 C, 88.16; H, 11.84.
88.31;H, 12.00.

(—)-a-Chamigrene (8).—Continued fractionation of the above
hydrocarbon mixture afforded a-chamigrene in 93% purity and
exhibited the following characteristics: bp 111-112° (5 mm);

1.5145; (aj- o —11° (neat) [lit.17(a;p —14.5° (CHCh)]; ir
(neat) 1655, 1072, 830, 810, 800, 760 cm*“1 S™|u 5.37 (m, 2,
ID./* = 15 Hz), 1.65, 1.63 (s, 3 each), 0.89, 0.84 (s, 3 each);
mass spectrum 204 (38), 136 (82), 133 (36), 121 (100), 119 (74),
105 (44), 93 (58), 91 (41). These spectral data correspond to
those reported7 for (—)QFchamigrene isolated from natural
sources.

Anal. Calcd for CigH2j:
87.98; H, 11.96.

Polyphosphoric Acid-Acetic Acid Treatment of (—)-Thujop-
sene (1).—A mixture of polyphosphoric acid (200 g) and acetic
acid (500 g) was agitated at 40° while thujopsene (500 g) was fed
in over 10 min. After 3 hr the reaction mixture was poured into
water (11.) and extracted well with benzene. The organic layers
were successively washed with water, sodium carbonate solution,
and brine. The solvent was removed under reduced pressure to
afford 500 g of crude product which by vpc analysis had the com-
position given in Table I, entry 3. This material was distilled
through a 2-ft Goodloe column and a total of 446.9 g (89%) of hy-
drocarbon fractions, bp 51-89° (0.5 mm), was obtained. ldenti-
cal isomerization procedures with other mineral acids in acetic
acid gave the results summarized in Table I.

2,2,3,7-Tetramethyltricyclo[5.2.2.016lundec-3-ene (7).— Frac-
tions of the above distillation enriched in the desired isomer were
further purified by spinning-band distillation and the progress of
the distillation was monitored by vpc. A minor component in
the early distillation fractions was isolated in pure form: bp 97-
98° (5 mm); n~p 1.4996; |a 80 —64° (neat); ir (neat) 1651, 1068,
1056, 1023, 838, 792 cm-1, S$'SS’ 526 (m, 1, IVi/2 = 7 Hz),
1.67 (s, 3), 1.01, 0.97, 0.87 (s, 3 each); mass spectrum 204 (38),
189 (100), 175 (36), 119 (93), 105 (39), 95 (50), 91 (38). Compar-
ison with an authentic samplell of 2,2,3,7-tetramethyltricyclo-
[5.2.2.0"gundec-3-ene (7) proved that the two samples were iden-
tical .

Olefin A (11).—Continued spinning-band distillation afforded
samples of olefin A which exhibited the following charac-
teristics: bp 100-101° (5 mm); nmp 1.5075; [a]*D 0° (neat); ir
(neat) 1664, 1188, 1102, 1070, 985, 960, 840, 795, 662 cm"1
stmsj 5.23 (m, 1, Wh/t = 9 Hz), 0.99, 0.87, 0.83 (s, 3 each);
mass spectrum 204 (31), 189 (27), 175 (100), 133 (20), 119 (35),
105 (39), 95 (20).

Found: C,

C, 88.16; H, 11.84. Found: C,
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Anal. Calcd for ClBHM C, 88.16; H, 11.84.

88.24; H, 11.81.

7,10-Ethano-4,4,7-trimethyl-1(9)-octalin  (10).— Continued
spinning-band distillation afforded samples of olefin B free from
olefin A which exhibited the following characteristics: bp 103-
104° (5 mm); ra@d 1.5085; [a]KD 0° (neat); ir (neat) 1670, 1135,
1070, 960, 838, 815, 770 cm"L, «?£fw* 526 (m, 1, Wh/t = 8 Hz),
0.80 (s, 3), 0.78 (s, 6), impurity singlets at 1.00 and 1.02 (approxi-
mately 30% impurity by integral); mass spectrum 204 (42), 189
(40), 175 (100), 148 (25), 133 (25), 119 (50), 105 (55), 95 (25),
91 (29).

Anal. Calcd for CisH24 C, 88.16; H, 11.84.
88.07; H, 11.76.

Cuparene (13).—A minor higher boiling component formed
during the above isomerization was also isolated and exhibited
the following characteristics: bp 75-76° (0.5 mm); n2d 1.5137;
[al~D +46.5° (neat) [lit.I7 [a]2p +65.3° (neat)]; ir (neat) 1892,
1785, 1510, 1463, 1018, 809, 720, 544 cm'l, «?£f'e 2.30, 1.25,
1.07, 0.56 (s, 3each), 7.10, 7.24 (AB quartet, 4, Jab = 8.5 Hz);
mass spectrum 202 (25), 145 (59), 132 (100), 131 (65), 119 (51),
105 (38). The spectral data are identical with that reportedT?
for cuparene isolated from natural sources.

7,10-Ethano-4,4,7-trimethyl-I-decalone (14).—A solution (110
ml) of 1 M BI1Sin tetrahydrofuran was placed under nitrogen
and cooled to 5°; a 10.4-g (100 mmol) sample of olefin B (judged
by nmr to contain 70% of olefin 10) was added over 10 min. The
resulting solution was stirred at 25° for 20 hr, cooled to 5°,
treated successively with 10 ml of water, 80 ml of 10% aqueous
NaOH, and 80 ml of 30% aqueous HD 2 and then stirred at 35°
for 3.5 hr. The mixture was extracted with hexane, and the or-
ganic portion was washed with water and dried over anhydrous
magnesium sulfate. The solvent was removed to afford 22.0 g of
a waxy solid, ir (neat) 3360 cm-1. This crude alcohol mixture
was dissolved in 200 ml of acetone, cooled to 5°, and treated with
21 ml of standard Jones®Dreagent. After 20 min, isopropyl alco-
hol (5 ml) was added and the mixture filtered. The salts were
dissolved in water and extracted with hexane. The combined or-
ganic extracts were washed with sodium bicarbonate solution and
brine and dried over anhydrous magnesium sulfate. The solvent
was removed under reduced pressure and the residue distilled af-
fording 18.5 g (84%) of principally ketone 14: bp 110-112° (0.5
mm) ; nZD 1.5072; []“d 0° (neat); ir (neat) 1707 (C=0), 1143,
1004 cm-1; 5?£s” 1.17, 0.86, 0.81 (s, 3 each); mass spectrum 220
(100), 191 (59), 164 (32), 135 (35), 121 (37), 81 (46). This mate-
rial solidified upon standing. A sample recrystallized from hex-
ane exhibited mp 51-52° (lit.6mp48°).

The 2,4-dinitrophenylhydrazone was prepared and exhibited mp
191-192° after four recrystallizations from ethanol.

Anal. Calcd for C2HZBN4DO 4 C, 62.98; H, 7.05; N, 13.99.
Found: C, 63.00; H, 7.35; N, 14.24.

Found: C,

Found: C,
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I-Acetyl-7,10-ethano-4,4,7-trimethyl-I (9)-octalin (16).—Lith-
ium acetylide-ethylenediamine complex (15.0 g, 0.15 mol) was
suspended in anhydrous benzene (35 ml) and anhydrous tetra-
hydrofuran (35 ml) and heated to 40°. To this suspension was
added ketone 14 (17.0 g, 0.076 mol) at a rate to maintain the tem-
perature between 40 and 45°. The mixture was stirred for 3 hr
and cooled and water (30 ml) added and stirred at 50° for 1 hr.
The solution was filtered and washed with benzene and brine, and
the solvent was removed. The crude product (20 g) showed ir
absorptions at 3500 (OH) and 3330 (=CH) expected for alcohol
15, as well as a carbonyl at 1707 cm-1 of unreacted ketone 14, and
was judged to contain 40% of ketone 14 by integration of the nmr
spectra. A sample of the above crude mixture (9.0 g) was heated
at 100° for 3 hr with 90% formic acid (30 ml) and water (2.5 ml).
The solution was cooled, poured into water (200 ml), and ex-
tracted with benzene. The combined organic extracts were
washed with sodium bicarbonate solution and brine. The solvent
was removed and the residue distilled to afford 6.1 g of material,
bp 110-125° (0.1 mm). Analysis by vpc showed two peaks in a
40:60 ratio which were separated by preparative vpc. The minor
component was identical with starting ketone 14. The major
component possessed spectral properties identical with an authen-
tic sample2l of l-acetyl-7,10-ethano-4,4,7-trimethyl-1(9)-octalin
(16).

Acid-Catalyzed Isomerization of a-Chamigrene (8).—A sample
of a-chemigrene (8, 0.50 g, 96% pure by vpc, containing no bi-
cyclic diene 5) was vigorously agitated with 98% sulfuric acid
(0.20 g) and acetic acid (0.50 g) for 3 hr at40°. The mixture was
cooled, diluted with water, and extracted with hexane. The or-
ganic extracts were washed with sodium bicarbonate solution and
the solvent was removed under reduced pressure. Short-path
distillation afforded 0.45 g of colorless oil, bp 90-100° (0.4 mm).
Analysis by vpc (column B) and mass spectroscopy gave the fol-
lowing composition: 7 (1.5%), olefin A and B (5 components,
93%), 13 (3.5%), unidentified component (2%).

Acid-Catalyzed Isomerization of Widdrol (3).—A sample of
widdrol9 (3, 1.5 g) was vigorously agitated with acetic acid (2.0
g) and 98% sulfuric acid (0.80 g) at 40° for 3 hr. The mixture
was cooled, diluted with water, and extracted with hexane. The
organic extracts were washed with sodium bicarbonate solution
and the solvent was removed under reduced pressure. Short-
path distillation afforded 1.2 g of colorless oil, bp 90-100° (0.4
mm). Analysis by vpc (column A) gave the following composi-
tion: 7 (33%), olefins A and B (5 components, 60%), 13 (4%),
unidentified components (3%).

Registry N o.-1, 470-40-6; 7, 32391-40-5; 8, 19912-
83-5; 9, 18431-82-8; 10, 32391-43-8; 11, 32391-44-9;
13, 16982-00-6; 14, 32391-46-1, 14, 2,4-DNPH,
32391-47-2.
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The acetylation of the hydrocarbon fraction of American cedarwood oil with acetic anhydride-polyphosphoric
acid affords two major products, acetylcedrene (2) derived from (—)-<*-cedrene and l-aceto-7,10-ethano-4,4,7-
trimethyl-I(9)-octalin (6) derived from (—)-thujopsene (S) by prior isomerization to octalin 8 and subsequent

acetylation.

American cedarwood oil, one of the most economical
and abundant sources of sesquiterpenes, is an important
oil for the fragrance industry in the United States.
The structures of the two best known constituents of
this oil, a-cedrene (1) and cedrol (3), were finally
determined by Stork and coworkersI2 more than a
century after their initial isolation. Subsequent more
detailed investigation of the hydrocarbon portion of
this 0il3 has shown that in addition to a-cedrene an
almost equal amount (40-50%) of thujopsene (5) is
present, along with small amounts (5-15%) of 3
cedrene (4) and a number of other sesquiterpenes.

LY=H 3 4
2,Y = COCH3
Among the numerous derivatives of American

cedarwood oil which are utilized in perfumery is a
ketonic mixture obtained by the acetylation of the
hydrocarbon fractions of this oil with acetic anhydride
or acetyl chloride and catalysts such as zinc chloride,
aluminum chloride, or boron trifluoride. This product
possesses a warm woody odor and is sold under various
trade names within the fragrance industry. These
findings prompted us to investigate an alternate
acetylation procedure employing acetic anhydride with
polyphosphoric acid as the catalyst. Under these con-
ditions a product similar to the earlier ketonic mixture
but with a greatly enhanced odor value was obtained.
No structure elucidations of the components of this
mixture have previously been reported and we present
here the results of our work in this area.

Acetylation of either pure a-cedrene (1) or /3-cedrene
(4) afforded as the sole ketonic product the acetyl
derivative 2 which possessed a weak odor of no special
interest. Since ketone 2 was identical with the
major ketone found in the mixture obtained by acetyla-
tion of the hydrocarbon fraction of American cedar-
wood oil, we suspected that the odor components
sought after were instead acetylthujopsene derivatives.
Confirmation of this hypothesis was readily obtained by

(1) G. Stork and R. Breslow, J. Amer. Chem. Soc., 75, 3291 (1953); ibid.,
75, 3292 (1953).

(2) G. Stork and F. H. Clarke, ibid., 77, 1072 (1955); ibid., 83, 3114

(1961).
(3) J. Runeberg, Acta Chem. Scand., 15, 592 (1961).

The structure of ketone 6 was established by X-ray analysis of the ethylene thioketal derivative.

acetylation of pure (—)-thujopsene (5) into a mixture
of hydrocarbons and ketones containing no acetyl-
cedrene (2) and possessing a strong woody odor.

Analysis of the ketonic portion by gas chromatog-
raphy revealed the presence of seven major components
which were designated in order of elution as isomers A
(8%), B (7%), C (3%), D (9%), E (8%), F (13%), and
G (52%). Mass spectroscopy showed that each of
these components was isomeric and corresponded to a
molecular formulation of CiTH30. These isomers were
subsequently obtained in varying degrees of purity
via careful spinning-band distillation. In view of the
complexity of this mixture we concentrated our initial
efforts at structure elucidation on the major (52%)
component. This component fortunately possessed a
powerful woody-musk-ambergris odor far greater than
the other six isomers and could readily be obtained in
95% purity via distillation.

The ir spectrum showed an intense conjugated
carbonyl absorption at 1672 cm-1 and also a strong
unusual double bond absorption at 1587 cm“ 1 Ele-
mental analysis and mass spectral data supported a
CnH”™O molecular formula which combined with ir
data demanded that a tricyclic structure be retained.
The nmr spectrum although showing three methyl
singlets at 50.78, 0.78, and 0.85 and a methyl ketone
singlet at S 2.22, clearly had no vinyl hydrogens or
vinyl methyl groups and could therefore not be derived
from direct acetylation of the thujopsene skeleton.
Moreover, although the thujopsene initially charged
was optically active, the product ketone was inactive,
as were the recovered unacetylated hydrocarbons.

We consequently elected to elucidate unambiguously
the structure of the liquid major acetylation product of
thujopsene via an X-ray crystal structure determination
on a suitable solid derivative. A number of deriva-
tives were prepared and the ethylene thioketal deriva-
tive was selected. Proof that this derivative was
valid for structure determination was provided by
Corey’s4dmild hydrolysis procedure which regenerated a
ketone identical with that utilized for the original de-
rivatization. The single crystal X-ray structure anal-
ysis showed that the derivative possessed structure 7

6 7

(4) E.J.Corey and D. Crouse, J. Org. Chem., 33, 298 (1968).
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Figure 1.— Stereodrawing showing the conformation of 7 in the solid state.

atom at the 50% probability level.
Ridge National Laboratory.

(Figure 1) and the parent ketone must therefore be
formulated as 6.

The hydrocarbon mixture which was recovered under
the acetylation conditions contained no thujopsene
but could be reacetylated to afford the same ketonic
mixture as previously obtained directly from thujop-
sene, implying that isomerization preceded acetylation.

The results of our investigation of the acid-catalyzed
isomerization of thujopsene5 proved that indeed this
was true and that the acetylated products arose from
this complex mixture of hydrocarbons. Ketone 6
therefore arises by acetylation of the tricyclic olefin 8
formed from thujopsene under the reaction conditions.
Dauben and Friedrich6é have previously reported
the formation of tricyclic hydrocarbon 9 from per-

chloric acid-acetic acid treatment of thujopsene.
Treatment of this hydrocarbon under our acetylation
conditions afforded a single ketonic product which was
found to be identical with the 9% component (isomer
D) in the original acetylthujopsene mixture and is
thus assigned structure 10.

Ketone 6, the major acetylthujopsene product,
appears to be the first known example of a tricyclic
compound of this type possessing a strong musk odor.
All other known tricyclic musks with an acetyl group?7
also contain an aromatic ring.

(5) H. U. Daeniker, A. R. Hochstetler, K. Kaiser, and G. C. Kitchens,
ibid., 36, 1 (1971).

(6) W. G. Dauben and L. E. Friedrich, Abstracts of the International
Union of Pure and Applied Chemistry, Fifth International Symposium on the
Chemistry of Natural Products, London, July 8-13, 1968.

(7) T. F. Wood, Givaudanian, Sept (1969); ibid., March—April, (1970).
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The ellipsoids represent the thermal motions of each

The drawing was prepared by a computer program written by C. K. Johnson of the Oak

Experimental Section

Materials and Equipment.— (—)-Thujopsene (5) was obtained
in 99% purity by careful fractional distillation of Hibawood oil
through a 2-ft Goodloe column: bp 67-68° (0.5 mm); nwi
1.5050; [a] kd —92.5° (neat). (—)-cr-Cedrene (1) was obtained
in 99% purity by dehydration of (+ )-cedrol (3) by the method of
Teisseire, el a | bp 64° (0.3 mm); nZy 1.4978; —88°
(neat).

Spectra were recorded on a Perkin-Elmer 457 grating ir spec-
trophotometer, a Beckman Acta Ill uv spectrophotometer, a
Varian A-60A nmr spectrometer, and a Perkin-Elmer 270 double-
focusing mass spectrometer. Spinning-band separations were ac-
complished with a Nester-Faust NFA-100 autoannular Teflon
spinning-band column. Vapor phase chromatography (vpc) was
carried out with an F & M 720 equipped with a2 m X 0.25 in. cop-
per column packed with 15% Carbowax 20M on Chromosorb P.
Combustion analyses were determined by Schwartzkopf Micro-
analytical Laboratory, Woodside, N. Y.

Acetylcedrene (2).—Acetic anhydride (400 g) was added with
cooling to polyphosphoric acid (480 g) with efficient agitation
over 10 min. Methylene dichloride (200 ml) was added, followed
by (—)-a-cedrene (1, 204 g) with cooling over 10 min, which was
agitated at 25° for 2 hr and then at 50° for 3 hr. The mixture
was poured onto 1000 g of ice, warmed to 50° for 0.5 hr, and
extracted with methylene dichloride. The combined or-
ganic extracts were washed with water, sodium carbonate
solution, and brine. The solvent was removed at reduced pres-
sure affording 210 g of crude product. This mixture was frac-
tionally distilled affording 66.0 g of recovered a-cedrene and 99.0
g (59% based on reacted a-cedrene) of acetylcedrene (2), bp
98-105° (0.4 mm), which contained by vpc 81% of the desired
component and 19% of five minor components. A pure sample
of acetylcedrene (2) was obtained by careful spinning-band dis-
tillation: bp 84-86° (0.01 mm); nxD 1.5152; [ajzso0 —38.5°
(neat); ir (neat) 1672 (C=0), 1600 (conj C=C), 1230, 1198,
1160, 1130, 1085, 1020, 970, 935, 640, 600 cm"1l drus32.20
(s, 3), 1.98 (s, 3), 1.02, 0.98 (s, 3 each), 0.90 (d, 3,/ = 8 Hz);
mass spectrum 246 (11), 161 (36), 119 (20), 69 (20), 43 (100).

Anal. CalcdforCnH®: C, 82.87; H, 10.64. Found: C,
82.78; H, 10.72.

1-Aceto-7,10-ethano-4,4,7-trimethyl-1(9)-octalin (6).— Acetic
anhydride (400 g) was added to polyphosphoric acid (480 g) with
efficient agitation and cooling over 10 min. Methylene dichlo-
ride (200 ml) was added, followed by (—)-thujopsene (5, 204 g)
with cooling over 10 min, which was agitated at 25° for 2 hr and
then at 50° for 2 hr. The mixture was poured onto 1000 g of ice,
warmed to 50° for 0.5 hr, and extracted with methylene dichlo-
ride. The combined organic extracts were washed with water,
sodium carbonate solution, and brine. The solvent was removed
at reduced pressure and the residue was distilled on astill head to
afford 171 g of distillate, bp 70-150° (0.2 mm). The distillate
was fractionally redistilled affording 63 g of the recovered isom-
erized hydrocarbon mixture6and 104 g (61% based on hydrocar-
bons consumed) of a ketonic mixture, bp 115-135° (0.2 mm).
This ketonic material was comprised of seven components by vpc

(8) P. Teisseire, M. Plattier, W. Wojnarowski, and G. Ourisson, Bull.
Soc. Chim. Fr,, 2749 (1966).
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and designated as isomers A (8%), B (7%),. C (3%), D (9%),
E (8%), F (13%), and G (52%) in order of elution. The identi-
cal mixture was also formed when the recovered isomerized hydro-
carbons5were reacetylated under the above conditions. The ma-
jor component of the ketonic mixture was obtained in pure form
by careful spinning-band distillation and exhibited the following
properties: bp 92-93° (0.05 mm); nmd 1.5265; [aJ"D 0.0°
(neat); X’'LOH 257 nm (e 6750); ir (neat) 1672 (C=0), 1587
(conj C=C), 1247, 1239, 1175, 940 cm"1; 2.21 (s, 3), 0.85
(s, 3), 0.79 (s, 6); mass spectrum 246 (43), 218 (31), 203 (58),
161 (32), 43 (100), 41 (36).

Anal. Calcd for CnH®:
82.79; H, 10.71.

Ethylene Thioketal Derivative of I-Aceto-7,10-ethano-4,4,7-
trimethyl-I(9)-octalin (7).—A sample of ketone 8 (1.0 g), acetic
acid (10 ml), ethanedithiol (1.1 ml), and boron trifluoride ether-
ate (1.1 ml) was allowed to stand at 25° for 3.5 hr. Water (50
ml) was added and the mixture was extracted with hexane. The
organic phase was washed with water, 5% aqueous NaOll, and
water and dried (MgSO(). The solvent was removed and the
residue crystallized from hexane to afford 950 mg (72%) of thio-
ketal 7: mp 74-75°; ir (KBr) 1279, 1142, 1129, 1035, 1019, 853
cm-1 a?£?B3.28 (s, 4), 1.90 (s, 3), 0.88 (s, 3), 0.77 (s, 6);
mass spectrum 322 (2), 261 (100), 232 (24), 217 (30), 175 (25),
106 (27), 59 (28). An additional slow recrystallization from hex-
ane afforded crystals suitable for an X-ray crystal structure de-
termination, mp 76-77°.

Anal. Calcd for C,0H3B2 C, 70.72; H, 9.38; S, 19.89.
Found: C, 70.91; H, 9.17; S, 20.08.

Hydrolysis of Thioketal 7.—The procedure of Corey and Crouse
was employed.4 A mixture of thioketal 7 (75 mg), acetonitrile
(2.3 ml), water (0.12 ml), HgCI2 (134 mg), and CdCO03 (88 mg)
was stirred under N2 at 50° for 6.5 hr. The mixture was then
evaporated to dryness, benzene added, and the mixture filtered.
The benzene solvent was removed affording 45 mg of yellow oil.
The ir, nmr, and mass spectra were identical with those of ketone
8, the major product from the acetylation of thujopsene, from
which the thioketal derivative 7 had been prepared.

4-Aceto-2,2,3,7-tetramethyltricyclo [5.2.2.0-*|undec-3-ene
(10).—The procedure previously outlined for the preparation of
ketone 6 was employed with olefin 9 (10.0 g), acetic anhydride
(19.6 g), and polyphosphoric acid (23.5 g). After the same
work-up procedure the residue was distilled affording 4.8 g of re-
covered olefin 9 and 5.4 g of desired ketone product, bp 132-135°
(0.5 mm). A sample of the major (70%) ketonic product was
isolated by preparative vpc and exhibited the following properties:
n+p 1.5155; ir (neat) 1690 (C=0), 1615 (conj C=C), 1240,
1225, 1205 cm"1L 2.33 (s, 3), 1.72 (s, 3), 1.03 (s, 3),

C, 82.87; H, 10.64. Found: C,

Daeniker, Hochstetler, Kaiser, Kitchens, and Blount

1.00 (s, 3), 0.93 (s, 3); mass spectrum 246 (16), 231 (35), 203
(25), 133 (17), 119 (17), 95 (15), 43 (100). The spectral proper-
ties were identical with those of isomer D isolated from the acety-
lation of thujopsene by the above procedure.

Anal. Calcd for CnH®: C, 82.87; H, 10.64.
82.90; H, 10.57.

X-Ray Analysis of 7.—The ethylene thioketal derivative 7 crys-
tallizes as well-formed prisms from hexane. The crystal data are
a = 11530 (8), b = 9.246 (6), ¢ = 16.873 A (10), 0 = 92.08
(6)°, space group P2,/a, d,bd = 1.19 g cm-3 (flotation in aqueous
K1), denied = 1.19 g cm-3for Z = 4. The intensity data were
measured by a moving crystal-moving detector method on a Hil-
ger-Watts Model Y290 four-circle diffractometer. Nickel fil-
tered Cu Ka radiation and pulse height discrimination were used.
A total of 3586 independent reflections were measured (26 < 140°)
of which 2345 were unobservably weak and were not included in
the structure analysis. The crystal used for data collection was
approximately 0.12 X 0.15 X 0.22 mm. The function mini-
mized in the least-squares refinement was 2| |FO] — |FC]Rwhere
w = 1/(11.8 + |F] + 0.012]Fop). Standard atomic scattering
curves were used for S, C,9and H.10 The refinement calculations
were made with a local modification of the program orfis.11

The structure of 7 was solved by the heavy atom method. A
difference Fourier calculated after three cycles of full matrix least
squares (anisotropic temperature factors for all atoms) clearly
showed all the hydrogen atoms. Refinement was continued by
block diagonal least squares (9 X 9 blocks for the anisotropic
atoms, 4 X 4 blocks for the hydrogen atoms) until the shifts in all
parameters of the heavier atoms were less than V< of their stan-
dard deviations (‘/2of a standard deviation for the hydrogens).
A difference Fourier based on the final parameters showed no fea-
tures greater than 0.15 e A.-3 in magnitude. The final conven-
tional unweighted R factor is5.1%.12

Found: C,

Registry No.-2, 32388-55-9; 5,470-40-6; 6,32388-
56-0; 7,32388-57-1; 10,32388-58-2.

(9) D.T. Cromer and J. T. Waber, Acta Crystallogr., 18, 104 (1965).

(10) R. F. Stewart, E. R. Davidson, and W. T. Simpson, J. Chem. Phys.,
42, 3175 (1965).

(11) W. R. Busing, K. 0. Martin, and H. A. Levy, Report ORNL-TM-
305, Oak Ridge National Laboratory, Oak Ridge, Tenn., 1962.

(12) Listings of structure factors, coordinates, and thermal parameters
for 7 will appear following these pages in the microfilm edition of this volume
of the journal. Single copies may be obtained from the Reprint Department,
ACS Publications, 1155 Sixteenth St., N.W., Washington, D. C. 20036,
by referring to author, title of article, volume, and page number. Remit
check or money order for $3.00 for photocopy or $2.00 for microfiche.
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The earlier findings of the retention of the stereochemical integrity of the cyclopropylcarbinyl grouping in the
isomeric cis- and irares-thujopsene in the early stages of the acid-catalyzed rearrangement of these sesquiterpenes
have been extended. Upon longer reaction under mild acid conditions, cis-thujopsene (1) rearranged directly to
7 with concomitant ring enlargement and angular methyl group migration. The pathway for this conversion was
established using 6,6-dideuterio-cfs-thujopsene. In contrast to these results, irans-thujopsene (4) yielded the
conjugated diene 8, a compound resulting from ring enlargement but no angular methyl migration. The struc-
tures of these two rearrangement products were established by degradation and by synthesis. The mechanistic
pathways for these conversions are discussed and it is shown that a combination of factors, all related to the steric
configuration of the ring juncture, are responsible for the retention of the identity of the two initially formed
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stereoisomeric cyclopropylcarbinyl cations.

Part A

The development of organic chemical mechanistic
theory and the development of the understanding of
biosynthetic mechanisms have stimulated the postula-
tion of biogenetic schemes for a variety of natural
products. The sesquiterpenes have received much at-
tention due to their wide occurrence and their variety
of structures.7 In turn, these biogenetic postulates
have stimulated study of the transformation of one
natural product to another using laboratory reagents.
In recent years, the reactions of the tricyclic sesqui-
terpene thujopsene (1)8 have attracted much interest
since its postulated biogenesis involved a cyclopropyl-
carbinyl-cyclopropylcarbinyl rearrangement.9  This
sesquiterpene, in addition to being a major constituent
of cedar wood oilD and of Japanese Hibawood oil, 11
also occurs in the oils of practically all of the Cupres-
sales.12

Thujopsene contains a cyclopropylcarbinyl grouping
and it is this functionality which is mainly responsible
for the complex chemical personality it possesses. For
example, under mild acid conditions (0.02 M HC104
in 80% aqueous dioxane) this grouping rearranges to
give two homoallylic alcohols, the naturally occurring
widdrol (2) via path a and the cfs-neopentyl-type
alcohol 3 via path b.2 Using thujopsene labeled with
deuterium in the methylene position of the cyclo-
propane ring, it has been shown that the rearrangement
goes through a cyclopropylcarbinyl-cyclopropylcar-
binyl rearrangement to give an intermediate, such as
x,2and that such a rearrangement proceeds with re-
tention of configuration. This result indicates that

(1) This work was partially supported by Grant No. GP-8700 from the
National Science Foundation.

(2) For previous papers in this study, see W. G. Dauben and L. E. Fried-
rich, Tetrahedron Lett.,, 2675 (1964); W. G. Dauben and L. E. Friedrich,
ibid., 1735 (1967); W. G. Dauben and E. I. Aoyagi, Tetrahedron, 26, 1249
(1970).

(3) A portion of this work appeared in the Abstracts, IUPAC 5th Inter-
national Symposium on the Chemistry of Natural Products, F-13, London,
England, July 8-13, 1968, p 296.

(4) National Science Foundation Predoctoral Fellow.

(5) Roche Anniversary Foundation Postdoctoral Fellow.

(6) National Institutes of Health Predoctoral Fellow.

(7) J. B. Hendrickson, Tetrahedron, 7, 82 (1959); W. Parker, J. S. Rob-
erts, and R. Ramage, Quart. Rev., Chem. Soc., 21, 331 (1967).

(8) The projection represents the absolute configuration of cts-thujopsene.

(9) W. G. Dauben and P. Oberhansli, J. Org. Chem., 31, 315 (1966).

(10) J. Runeberg, Acta Chem. Scand., 15, 592 (1961).

(11) M. Yano, J. Soc. Chem. Ind. Jap., 16, 443 (1913); S. Uchida, ibid.,
31, 501 (1928).

(12) H. Erdtman and T. Norin in “Progress in the Chemistry of Natural
Products,” Vol. 24, L. Zechmeister, Ed., Springer-Verlag, New York, N. Y.,
1966, pp 206-287.

the interconversion must involve either a series of 1,2
shifts via a puckered cyclobutonium ion or direct bond-
ing at the small lobe of the back bond of the cyclo-
propane ring and go in one step.2

In earlier work in this laboratory,2 13 a sterospecific
synthesis of the thujopsene nucleus had been developed
and, thus, it was possible to prepare /rans-thujopsene
(4), the stereochemical designation referring to the ring
juncture. When 4 was allowed to react under the
above mild acid conditions, the major alcohols formed
were epf-widdrol (5) and the irans-neopentyl-type
alcohol 6. These materials can be derived from the
irans-cyclopropylcarbinyl intermediate y in the same
manner as discussed for the cis intermediate. In these
two isomeric series there is a finite amount of leakage
between the ions x and y but in the main series each
stereoisomeric cation maintains its stereochemical in-
tegrity in this series of interconversions at this early
stage of the rearrangement process.

(13) W. G. Dauben and A. C. Ashcraft, J. Amer. Chem. Soc., 85, 3673
(1963).
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When the acid-catalyzed reactions were allowed to
proceed for an extended period, all of the products
formed early in the reaction disappeared and cis-
thujopsene yielded mainly hydrocarbon 7 and trans-
thujopsene gave hydrocarbon 8. Thus, it is found that
the stereochemical difference of these two starting ma-
terials is still retained after destruction of the cyclo-
propylcarbinyl and related homoallyl systems. The
retention of the stereochemical integrity of the two
isomeric cyclopropylcarbinyl systems in cis- and trans-
thujopsene is readily understood by evaluation of the
changes in the geometry of the ring system required
to bring about a stereochemical interconversion of the
two isomeric cation systems. An understanding of
the continued specificity found in this present investiga-
tion was gained by a study of the mechanism of forma-
tion of the rearranged hydrocarbon 7.

7 8

The presence of the bicyclo [5.4.0 Jundecane nucleus
suggested that the rearranged diene 7 was derived from
widdrol (2). However, it was possible that the methyl
migration occurred concomitantly with the rearrange-
ment of the cyclopropylcarbinyl cation to the homo-
allylic system (or possibly, a homoallylic cation was
formed, followed by methyl migration). In order to
establish the reaction pathway, cfs-6,6-dideuteriothu-
jopsene (1-d2 was converted to the diene 7. It was

found that the product retained both deuterium labels
and both vinyl hydrogen atoms. Also, the allylic
region of its nmr spectrum was reduced in intensity.
Therefore, the diene must be 7-d2as expected from the
direct formation from thujopsene and not 7-di required
if widdrol 2-di was the direct precursor.

In cfs-thujopsene (1), the unsymmetrical cyclopro-
pylcarbinyl system 9 due to steric restraints within the
molecule has the minimal energy and it is this cation
which is involved in the cyclopropylcarbinyl-cyclo-
propylcarbinyl rearrangement leading to widdrol (2)
and its related neopentyl-type alcohol 3. A similar
series of rearrangements (not shown) exist for trans-
thujopsene from an unsymmetrical cyclopropylcarbinyl
cation leading to e/u-widdrol (5) and the neopentyl-
type alcohol 6. These series of interconversions are
reversible and with the continuous re-formation of a
carbonium ion, the slightly more energetic bisected
cyclopropylcarbinyl cations 10 and 11, ions which are

Dauben, Friedrich, Oberansli, and Aoyagi

higher in energy in this series due to ring strain, not
to lesser p -it overlap, may participate in the overall
reaction. This bisected ion now makes the cleavage
of the C-5-C-7 bond a competitive reaction. In the case
of cfs-thujopsene, the angular methyl group, as illus-
trated in 10, is in the exact position for a trans coplanar
transition state for migration of the methyl group lead-
ing to the rearranged diene 7. As is seen in the bi-
sected cation 11 from ¢;rans-thujopsene, the carbon best
situated for migration is part of the left-hand ring and
in rearranging would yield a spiran with a five-mem-
bered ring. This latter process must be sufficiently
energy demanding so as not to compete with the other
reactions.

These other reactions are related to widdrol and epi-
widdrol. As seen in the projection 13, the most stable

conformation of epi-widdrol places the tertiary hydroxyl
group in an axial conformation. Such a conformational
arrangement permits facile elimination to yield the
conjugated diene 8. That this reaction is more favored
than the skeletal rearrangement to yield a spiran is
quite understandable. The most stable conformation
of widdrol is depicted as 12 and this conformation places
the tertiary hydroxyl group in an equatorial conforma-
tion which is less prone to elimination. Thus a combina-
tion of factors, all related to the steric nature of the ring
juncture, permits cis- and ;rans-thujopsene to retain
their identity in all these rearrangement processes.

Part B

The hydrocarbon 7 was shown to have a molecular
composition of CifH2, isomeric with cfs-thujopsene,
by the appearance of a molecular ion at m/Ze 204 in its
mass spectrum. The nmr spectrum was extremely
different from those of all previously reported com-
pounds studied in that a multiplet at 8 1.8-2.5, corre-
sponding to eight allylic methylene protons, was found.
The additional resonances at 8 5.28 for two protons,
a maximum in the ultraviolet spectrum at 192 nm (e
13,900), and an infrared spectral absorption at 822 cm-1
indicated the presence of two nonconjugated, trisub-
stituted double bonds.}4 These features taken in con-
junction with the molecular composition showed that
7 must be abicyclic diene in which one of the double
bonds was derived from one of the carbocyclic rings of
thujopsene. The nmr spectrum of the diene also estab-

(14) R. A. Micheli and T. H. Applewhite, J. Org. Chem., 27, 345 (1962).
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lished the presence of three quaternary methyl groups
and a vinyl methyl group.

Reaction of diene 7 with 0.9 equiv of m-chloroper-
benzoic acid gave epoxide 14 whose nmr spectrum
showed one vinyl hydrogen and four quaternary methyl
absorptions. This result indicates that the methyl-
substituted double bond in 7 is less hindered than the
other trisubstituted double bond. It is of passing
interest that the alcohol 15 formed by LiAlH4reduction
of epoxide 14 was also isolated in 0.5% vyield directly
from the acid-catalyzed reaction mixture of thujopsene.
Since in 15 the hydroxyl group and the angular methyl
group must be trans to one another due to the stereo-
chemistry of the epoxide, this alcohol must have re-
sulted from hydration of the diene 7 rather than from
a methyl migration in widdrol. Furthermore, in 1958,

Tanaka and Yamashita® reported that a tertiary
alcohol was formed from the reaction of cfs-thujopsene
with 50% sulfuric acid in acetic acid, followed by hy-
drolysis of the acetates. Since the physical constants
of their alcohol were similar to those of 15, it is most
likely that the two alcohols are the same compound.

The bicyclo [5.4.0jundecane skeleton of 7 was estab-
lished by the following series of reactions. The lesser
hindered double bond of this diene was preferentially
hydrogenated to yield a 6:1 mixture of dihydro and
tetrahydro products. The dihydro product 16 was
purified by preparative vpc and it was a mixture of the
epimeric methyl compounds. The dihydro mixture re-
acted slowly with osmium tetroxide to yield diol 17, the
slow hydroxylation reaction confirming the hindered
nature of the C-7-C-8 double bond. The diol was
cleaved with lead tetraacetate to yield the keto alde-
hyde 18. Its infrared spectrum (ir max at 2810, 2710,
1729, 1693 cm-1) indicated the presence of an aldehyde
and a ketone and the primary nature of the aldehyde
was established by the presence of a one hydrogen trip-
let (¢ = 2 Hz) resonance at 59.41 in the nmr spectrum.
The absorption at 1693 cm-1 is indicative of a seven-
ring ketone.

The size of the other ring in diene 7 was determined
by hydroboration and oxidation of the dihydro deriva-

(15) J. Tanaka and l. Yamashita, Bull. Osaka Ind. Res. Inst., 9, 5
(1958).
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tive 16 to yield alcohol 19 and ketone 20, respectively.
The 1706-cm-1 absorption of 20 is characteristic of a
six-ring ketone. Thus, the foregoing data establish
that diene 7 contains a bicyclo [5.4.0jundecadiene
skeleton in which the more hindered double bond is
situated endocyclic to the six-membered ring and ex-
ocyclic to the seven-membered ring. Taking into ac-
count the nmr data with regard to allylic methylene
groups, the two double bonds must be placed as shown
in 7. The placement of the vinylic methyl group and
the three quaternary methyl groups clearly follows
from mechanistic considerations.

The structure of diene 8 derived from irans-thujop-
sene was established on the basis of the following in-
formation. Its mass spectrum (parent peak m/e 204)
clearly established that the hydrocarbon was isomeric
with starting ¢rans-thujopsene. An absorption max-
imum at 262 nm established the presence of an s-cis-
1,3-diene, the infrared spectrum indicated only trisub-
stituted double bonds (840 cm-1), and the nmr spec-
trum established the presence of only one vinyl methyl
group but two vinyl protons and three quaternary
methyl groups. These data suggested the structure
8, a diene formed directly from epz-widdrol 5. This
assignment was confirmed by the synthesis of 8
from widdrol benzoate (21). Pyrolysis of 21 in N,N-

21 22

dimethylaniline gave the nonconjugated diene 22, the
absence of skeletal rearrangement being shown by con-
version to the epoxide 23 which, in turn, upon reduction
with LiAlH4 yielded epi-widdrol. The nonconjugated
diene was converted to the conjugated diene 8 by
treatment with potassium ferf-butoxide in dimethyl
sulfoxide.

Experimental Section

Melting points were taken with a Buchi Schmelzpunktbestim-
mungsapparatus or on a Fisher-Johns melting point apparatus
and are uneorrected. Glpc were conducted either with Varian-
Aerograph Models A-90-P, 600, or 204 B or with Hewlett-Pack-
ard Model 402. Nmr spectra were taken with Varian spectro-
graph Models A-60, T-60, or HR-100, using TMS as an internal
standard. The mass spectra were obtained using a modified
CRC Type 21-103C mass spectrometer, a Varian M-66 cycloidal
mass spectrometer, or a Finnigan quadrupole mass spectrometer.
Combustion analyses and high-resolution mass spectra were per-
formed by the Microanalytical Laboratory, College of Chemistry,
University of California, Berkeley, Calif.

Isomerization of cis-Thujopsene to Diene 7.—A solution of
150 g of eis-thujopsene, 300 ml of 0.1 M aqueous perchloric acid,
and 1200 ml of dioxane was heated under reflux for 27 hr. The
cooled solution was neutralized with aqueous sodium carbonate,
most of the dioxane removed under reduced pressure, and the
residual mixture extracted with petroleum ether. The organic
extract was washed with aqueous potassium bicarbonate and
with water and dried, and the solvent removed under reduced

whay  TIUQYIIWWAL



12 J.Org. Chem., Vol. 37, No. 1, 1972

pressure. A pentane solution of the residual oil was filtered
through 150 g of Woelm neutral alumina (activity 1) to yield
after removal of the solvent 130 g of a brown oil, glpc analysis
(DEGS, 128°) of which indicated that diene 7 comprised 54%
of the mixture.

The oil was distilled through a 24-in. spinning-band column
and the central fraction, 42 g, bp 149-150° (9.5 mm), containing
71% of 7 was further purified by preparative glpc (20% NPGS,
Chromosorb P-HMDS, 20 ft X 3A in., 168°) to yield material
of 97% purity. The absence of a-chamigrene was confirmed by
coinjection and by quantitative analysis of the nmr spectrum:
[a] 20 +65.3° (c 0.209, CHC13); uv max (hexane) 192 nm («
13,900); ir max (neat) 822 cm-1; nmr (CC14) 8 5.28 (2 H, m),
1.8-2.5 (8 H, m), 1.60 (3 H, sharp m), 094 (3 H, s), 0.87

(6 H, s).
Anal. Calcd for C,H2 (204.36): C, 88.16; H, 11.84.
Found: C, 88.48; H, 11.62; m/e 204.

Epoxidation of Diene 7.— A solution of 100 mg (0.5 mmol) of
85% m-chloroperbenzoic acid in 2.5 ml of chloroform was added,
dropwise, over a period of 5 min to a cooled solution (0°) of 204
mg (1.0 mmol) of diene 7 in 2.0 ml of chloroform. The solution
was allowed to stand at 3° for 30 hr; astarch-iodide test indicated
the absence of peracid but glpc analysis indicated 50% of starting
material. An additional 80 mg (0.4 mmol) of ro-chloroperben-
zoic acid was added to the solution and allowed to react for an
additional 2.5 hr. The solution was diluted with ether, washed
with aqueous ferrous sulfate, potassium bicarbonate, and water,
and dried, and the solvent was removed to yield 190 mg of an oil.
Glpc analysis (10% SE-30, 160°) indicated the presence of four
products in 10, 60, 20, and 10%, respectively, in order of elution.

The major material 14 was purified by preparative glpc (10%
SE-30, Chromosorb P, HMDS, 162°, 5 ft X 0.75 in.). Re-
injection of the collected product indicated a purity of greater
than 95%: nmr (CC14) 85.23 (1 H, m), 260 (1 H, t,J = 55
Hz), 1.12 (3 Ii, s), 0.92 (3 H, s), 0.88 (3 H, 2), 0.87 (3 H, s);
m/e 220.

LiAlH4Reduction of Epoxide 14.—A mixture of 13 mg of 14 and
37 mg of LiAIH4in 20 ml of glyme was heated under reflux for 9 hr
and the mixture worked up in the usual fashion. The crude white
solid alcohol was recrystallized from hexane: mp 118-121°;
M 22d +106° (c 0.1118, CHCIs); nmr (CC14) 8 5.28 (1 H, broad
s), 1.12 (3 H, s), 0.97 (3 H, s), 0.92 (3 H, s), 0.88 (3 H, s).

Anal. Calcd for CisHmO: C, 81.12; H, 11.79. Found:
C, 81.17; H, 11.70.

Hydrogenation of Diene. 7.—A mixture of 100 mg (0.49 mmol)
of diene 7, 20 mg of 20% palladium on charcoal, 5 ml of ethanol,
and 2 ml of ethyl acetate was shaken under 1 atm of hydrogen
at room temperature for 18 hr. Glpc analysis (DEGS, 102°)
indicated an 86% yield of dihydro products 16 and 14% yield of a
tetrahydro material; no starting diene remained. The dihydro
products appeared to be an equal mixture of two isomers (at the
methyl group) and they were collected together by preparative
glpc (DEGS, 102°): nmr (CC14 8528 (1 H, m), 2.0 (4 H,
m), 0.92 (6 H, s), 0.84 (6 H, s).

Anal. Calcd for CisH2%G C,
C, 87.28; H, 12.72.

Osmylation of Dihydro Product 16.—A mixture of 204 mg
(2.0 mmol) of dihydro product 16, 270 mg (1.1 mmol) of osmium
tetroxide, 250 til of dry pyridine, and 30 ml of dry ether was al-
lowed to stand at room temperature for 11 days. To the brown
mixture was added several milliliters of 50% aqueous methanol
which was saturated with sodium sulfide, the black precipitate
filtered, and the filtrate diluted with ether. The ethereal solu-
tion was washed with aqueous sodium sulfide and water and dried,
and the solvent was removed under reduced pressure to yield
175 mg of an oil which was chromatographed on 10 g of Woelm
neutral alumina (activity I1). Elution with 30 ml of petroleum
ether and evaporation of the solvent yielded 99 mg (49%) of
starting olefin 16. Elution with 100 ml of diethyl ether afforded
44 mg of semicrystalline diol 17: ir max (CC14) 3635, 3600,
3460 cm-1; nmr (CC14 8 3.68 (1 H, m). The crude material
was used directly in the following experiment.

Cleavage of Diol 19.—A mixture of 44 mg (0.18 mmol) of crude
diol 19, 200 mg (0.45 mmol) of lead tetraacetate, and 10 ml of
acetic acid was allowed to react at room temperature for 5 days.
The mixture was poured onto crushed ice, extracted with petro-
leum ether, and processed in the usual manner to yield 37 mg of
gn oil. Glpc analysis (10% SE-30, 180°) of the crude material
indicated that the major product comprised 75% of the mixture:
ir max (CC14) 2810, 2710, 1729, 1693 cm*“1 nmr (CC14) 8 9.41

87.30; H, 12.70. Found:
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(I H,t,J = 2Hz). The keto aldehyde 18 was purified by pre-
parative glpc (10% SE-30, 190°).

Anal. Calcd for CiH® 2 C, 75.58; H, 10.99.
C, 75.85; H, 10.98.

Hydroboration of Dihydro Product 16.—Diborane generated
from 156 mg (4.12 mmol) of sodium borohydride and 0.85 ml of
boron trifluoride-etherate in diethylene glycol was passed into a
solution of 200 mg (0.97 mmol) of monoolefin i6 in 12 ml of
tetrahydrofuran at 0° with a nitrogen sweep. The solution was
allowed to stand at room temperature for 3 hr, and 0.5 ml of
water was added slowly, followed by 1 ml of 3 M aqueous sodium
hydroxide and 0.1 ml of 30% aqueous hydrogen peroxide. After
1 hr, an additional 0.5 ml of 3 M sodium hydroxide was added
and the mixture allowed to stand for 30 min. The solvent was
partially rotary evaporated, the remaining mixture extracted
with ether, and the ethereal extract processed in the usual fashion
to yield 160 mg of an oil. The crude product was chromato-
graphed on 10 g of Woelm neutral alumina (activity 11); elution
with 25 ml of petroleum ether yielded 73 mg (37%) of starting
material and elution with 50 ml of ether produced 70 mg (32%)
of crystalline alcohol 19: ir max (CC14 3620, 3380 cm-1;
nmr (CC14) 8 3.66 (1 H, broad multiplet).

Anal. Calcd for Ci5SH®: C, 80.29; H, 12.58.
C, 82.20; H, 12.20.

Oxidation of Alcohol 19.—A solution of 65 mg (0.29 mmol) of
alcohol 19 was oxidized at 0° with 0.2 ml of Jones reagent in the
usual fashion. After 5 min, the mixture was processed to yield
65 mg of an oil which by glpc analysis (DEGS, 160°) indicated

Found:

Found:

the major product comprised 80% of the mixture. The ketone
20 was purified by preparative glpc (DEGS, 161°): ir max
(CC14) 1706 cm*“ 1, nmr (CC14) 82.1 (3 H, m).

Anal. Calcd for CieH&®: C, 81.02; H, 11.79. Found:

C, 80.80; H, 11.68.

Rearrangement of cfs-6,6-Dideuteriothujopsene to Diene 7.—
A solution of 0.95 g (4.9 mmol) of c?'s-6,6-dideut,erothujopsene
(I-d2) in 9.6 ml of 80% aqueous dioxane-perchloric acid (pre-
pared from 6.18 g of water, 24.72 g of dioxane, and 76 mg of 70%
aqueous perchloric acid) was heated under reflux for 175 min
under an atmosphere of nitrogen. The reaction mixture was
worked up in the standard fashion and the 1.0 g of residual solid
was chromatographed on 30 g of Woelm neutral alumina (ac-
tivity 11). Elution with 150 ml of hexane yielded 0.565 g of
hydrocarbon fraction and elution with benzene yielded the alcohol
fraction.

The hydrocarbon fraction was analyzed by glpc (10% KOH,
10% Carbowax, 163°, 5 ft X Vs in.) and found to contain 38%
unreacted dideuteriothujopsene and 43% of diene 7-d2. The
diene was purified by preparative glpc; its ir spectrum was prac-
tically identical with that of undeuterated 7 and its nmr spectrum
was identical with the spectrum of the undeuterated diene except
for several prominent absorptions in the allylic region, 8 1.8-
2.5, which were reduced in intensity. The mass spectrum of
the product indicated that the material was 87% dideuterated,
as was the starting material.

Isomerization of irans-Thujopsene to Diene 8.—A solution
of 260 mg (1.28 mmol) of trans-thujopsene in 2.6 ml of 80%
aqueous dioxane was brought to reflux and 4.4 jA of 70% per-
chloric acid was added. The reaction solution was heated under
reflux for 20 hr, cooled, neutralized, and extracted with hexane.
The hexane solution was rotary evaporated, and the residue chro-
matographed on 5 g of neutral Woelm alumina (activity I1)
to give 170 mg of hydrocarbon mixture and 70 mg of trans-
neopentyl type alcohol 6. Glpc analysis of the hydrocarbon
fraction showed the presence of three materials in a ratio of
3:1:1; the major material was purified by preparative glpc
(10% TONE, 120°) and was obtained in 85% purity: uv max
(cyclohexane) 262 nm (e 7500) with shoulders at 254 and 273
nm; nmr (CC14) 8 5.6 (2 H, distorted AB quartet), 1.78 (3 H,
d), 1.13 (6 H, 2), 1.03 (3 H, s); mass spectrum m/e 204, 121,
119 (base peak), 105.

Widdrol Benzoate (21).—A solution of 5.5 g (24.8 mmol)
of widdrol and 12.4 ml of benzoyl chloride in 120 ml of pyridine
was heated on a steam bath for 4 hr, cooled, and diluted with
740 ml of 1 A hydrochloric acid. The mixture was extracted
twice with hexane, and the hexane solution was washed with 100
ml of 2 A hydrochloric acid and 50 ml of aqueous sodium bi-
carbonate solution and dried. The solvent was rotary evapo-
rated and the residual oil chromatographed on Woelm neutral
alumina (activity I1). Elution with hexane yielded 6.4 g of
product which slowly solidified: ir max (CC14 1712 cm-1;
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nmr (CCh) « 7.45-7.87 (3 H, m), 7.20-7.27 (2 H, m), 5.43
(2H,q,3 = 8and 6 Hz), 2.53-2.78 (2 H, m), 1.57 (3 H, s),
1.20 (3 H,s), 1.09 (6 H, s).

Anal. Calcd for CmHmCU C, 80.94;
C, 81.22; H,9.01.

1.4.8.8-
of 3.8 g of widdrol benzoate and 100 ml of freshly distilled N,N-
dimethylaniline was heated under reflux for 40 hr, diluted with
500 ml of 2 A aqueous hydrochloric acid, and extracted three
times with hexane. The hexane extract was washed with satu-
rated aqueous sodium bicarbonate solution and dried, and the
solvent was rotary evaporated to give 3.1 g of oily material.
Glpc analysis (20% DEGS, Chromosorb P, HMDS, 130°,
5 ft X 0.25 in.) indicated three hydrocarbons in a ratio of 70,
25, and 5% yields. This crude material after filtration through
Woelm neutral alumina (activity I1) was used directly in the next
experiment.

A 250-mg portion was chromatographed on 20 g of silica gel
impregnated with 22% silver nitrate. Elution with 72 ml of
hexane-benzene (9:1) afforded a total of 185 mg of the diene 22
in six fractions. The major product from the middle chromatog-
raphy fraction was still impure as indicated by a low residual uv
absorption in the 255-273-nm region. No further purification
was attempted and the purified diene had the following prop-
erties: uv max (cyclohexane) 185 nm (e 17,400), 254 (1120),
263 (1240), 273 (860); nmr (CC14) S 5.17-5.83 (2 H, poorly
formed quartet, J = 7 and 3 Hz), 3.17 (1 H, d, J = 20 Hz),
1.72 (3 H, narrow multiplet), 1.10 (3 H, s), 1.08 (3 H, s), 1.09
(3 H,s).

Anal. Calcd for CIHH424 C, 88.16; H,
C, 88.20; H, 11.67.

1.4.8.8-
tion of 2.0 g (72% pure) of diene 22 in 2 ml of dry benzene and 100
ml of dry dimethyl sulfoxide (distilled from calcium hydride)
was added 3.1 g of potassium ferf-butoxide. The dark red solu-
tion was stirred at room temperature for 6 hr, poured into water,
and processed in the usual fashion. The crude product was
chromatographed on 20 g of Woelm neutral alumina (activity I1)
to give 1.7 g (85%) of hydrocarbon mixture which upon glpc
analysis showed two peaks (78 and 22%). The minor product
has a retention time identical with starting diene 22. The domi-
nant reaction product was purified by preparative glpc; the

H, 9.26. Found;

11.84. Found:

Tetramethyl[5.4.0Jundeca-4,6-diene (8).—To a solu-
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retention time and all spectra were identical with those of diene
8 prepared from frans-thujopsene.
3/3,4/3-Oxa-la,4a,8,8-tetramethylbicyclo[5.4.0] undec-6-ene
(23).—A solution of 469 mg (2.24 mmol) of 82.5% m-chloro-
perbenzoic acid in 7 ml of chloroform was slowly added to a solu-

Tetramethyl[5.4.0]undeca-3,6-diene (22)—A mixturetion of 551 mg (2.70 mmol) of diene 22 (70% purity) in 5 ml of

chloroform at 0°. The reaction was allowed to proceed for 3.5
hr at 0°, diluted with pentane, and worked up in the standard
fashion. The crude product was chromatographed on 25 g of
Woelm neutral alumina (activity I11). Elution with 32 ml of
hexane gave 100 mg of unreacted hydrocarbon; elution with
hexane-ether (increasingly greater amounts of ether) gave two
products. The first product was 70 mg (14%) of impure isomeric
6,7-oxa-3-ene: nmr (CC14) 5513 (1 H, d, I = 8 Hz), 2.83
(I1H,t,J = 3Hz), 243-2.75 (2 H, m), 2.00-2.38 (2 H, broad
multiplet), 1.63 (3 H, narrow multiplet), 1.11 (6 H, s), 0.76
(3 H, s).

The second product was 248 mg (51%) of pure epoxide 23:
[a]d +67° (c 16.9, CHCL1,); ir max (CCh) 1650, 840 cm"%
nmr (CC1,) 5552 1 H,q,/ = 7,4Hz), 279 (1H,q,J3 = 8,
7 Hz), 2.25-250 (1 H, m), 1.29 (6 H, s), 1.13 (3 H, s), 1.05
(3 H, s).

Anal. Calcd for CieH20:
C, 81.87; H, 10.77.

cpf-widdrol (5).—A mixture of 1.44 g (6.54 mmol) of epoxide
23, 1.17 g (31 mmol) of LiAIH,, and 125 ml of glyme was heated
under reflux in a nitrogen atmosphere for 16 hr. The cooled
mixture was diluted with ether and water carefully added until a
clear organic layer was obtained. The organic layer was de-
canted and processed in the usual manner. The 1.47 g of crude
product was 95% pure epf-widdrol (glpc, 10% KOH, 10% Car-
bowax 6000, 185°). A portion of the crude product (365 mg)
was chromatographed on Woelm neutral alumina to yield epi-
widdrol: mp54-56°; [<}d +132° (c 5.81, CHCh).

Registry No.—1, 32435-95-3; 4, 32436-14-9; 5,
25490-91-9; 7,32436-16-1; 8,32436-17-2; 14,32436-
18-3; 15,32436-19-4; 16,32436-20-7; 17,32436-21-8;
18,32436-22-9; 19,32436-23-0; 20,32436-24-1; 21,
32436-25-2; 22, 32436-26-3; 23, 32436-27-4; 23 6,7-
oxa-3-ene isomer, 32436-28-5.

C, 81.76; H, 10.98. Found:
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A new stereoselective synthetic approach to the eudalene sesquiterpenes has been devised which does not

utilize the Robinson annelation sequence.

Clemmensen reduction of 5-methoxy-I-tetralonecarboxylic acid (4)

gives 8-methoxytetralin-2-carboxylic acid (5), which on Birch reduction affords 3,4,5,6,7,8-hexahydronaph-

thalen-1 (2i7)-one-7-carboxylic acid (3) as the major product.

Conjugate addition of lithium dimethyl cuprate

to 3 gives a mixture of three stereoisomeric 4a-methyl-3,4,4a,5,6,7,8,8a-octahydronaphthalen-I (2H)-one-7-

carboxylic acids (9, 10, and 11).

Treatment of the mixture of acids with methylenetriphenylphosphorane,

followed by esterification, equilibration, and hydrolysis affords 4a/3-methyl-8-methylene-1,2,3,4,4a,5,6,7,8aa-
decahydronaphthalene-2/3-carboxylic acid (12), a compound which has previously been converted to 0-eudesmol

.

Although several syntheses of eudalene-type sesqui-
terpenes have been reported,2 every successful syn-
thetic approach has utilized the Robinson annelation se-
quence to construct the bicyclic skeleton characteris-
tic of this group of natural products. Unfortunately,

(1) (@) A preliminary communication describing a portion of this work
appeared in Tetrahedron Lett.,, 501 (1971). (b) Abstracted in part from the
Ph.D. dissertation of M. L. Mole, Clemson University, May 1971. (c)
Supported in part by Career Development Award GM-5433 from the
National Institutes of Health.

(2) Earlier synthetic approaches to these sesquiterpenes are described:
(@ C. H. Heathcock and T. R. Kelly, Tetrahedron, 24, 1801 (1968); (b)
J. A. Marshall, M. T. Pike, and R. D. Carroll, J. Org. Chem., 31, 2933
(1966); (c) J. A. Marshall and M. T. Pike, ibid., 33, 435 (1968); (d) D. C.
Humber, A. R. Pinder, and R. A. Williams, ibid., 32, 2335 (1967); (e)
J. M. Mellor and S. Munavelli, Quart. Rev., Chem. Soc., 18, 270 (1964).

owing to the steric course of the annelation reaction,
this approach necessitates multistep synthetic schemes
with the stepwise introduction of the various sub-
stituents on the perhydronaphthalene ring system.3

In order to circumvent these problems, we at-
tempted to design a new, general synthesis of these
sesquiterpenes which did not utilize the annelation re-
action and which would permit stereochemical control
at each step. Examination of the structure of /S-eudes-
mol (1) reveals that this molecule is basically a
9-methyl-fra?is-decalin with an equatorial substituent

3) The details of these stereochemical problems are particularly apparent

in the syntheses described in ref 2a, b, and d.
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at C-7 and any stereoselective synthesis must control
the stereochemistry at these centers. A suitable pre-
cursor which permits this steric control is the keto acid
2 utilized earlier by Heathcock in a synthesis of eudes-
mol.2a

1,R=CH2R'= C(CH32OH 3
2,R=0;R'=COH
12, R=CH2R'=COH
14, R = ot-OH; 0-CH3 R' =C(CH32DH
15 R = 0-OH;a-CH3 R'= CH2=C H CH3

5R=HH

Although 2 was synthesized by these workers via a
rather lengthy annelation sequence, it appeared to be
also available from the unsaturated keto acid 3, which
in turn could be obtained by reduction of an aromatic
compound.

A suitable starting point for the preparation of 3
seemed to be the readily available 5-methoxytetralone-
3-carboxylic acid (4).4 Clemmensen reduction of 4
afforded 8-methoxytetralin-2-carboxylic acid (5),
which on Birch reduction followed by acid hydrolysis
of the crude reaction productsé gave a mixture of four
acids. Separation of this mixture by chromatography

4) A. Sieglitz and C. Jordanides, Justus Liebigs Ann. Chem., 702, 94

(1967). The modified Friedel-Crafts cyclization of the benzylsuccinic
anhydride described in the Experimental Section proceeds much more
smoothly than the original procedure, In addition to a 45% vyield of 4, a
significant quantity of a 1:1 mixture f lactones (i and ii) was obtained.

The structures of i and ii were assigned on the basis of analytical and spec-
tral data, and hydrolysis and méthylation to the starting benzylsuccinic
acid (see Experimental Section).

(5) H. L. Dryden, Jr.,, O. M. Webber, R. R. Burtner, and J. A. Celia,

J. Org. Chem., 26, 3237 (1961).

Huffman and Mole

gave an unsaturated acid, CnHuTh, in 18% vyield, plus
three keto acids. The nmr spectrum of the unsatu-
rated acid exhibits no vinyl protons and, assuming no
unusual side reactions, it is almost certainly the octalin
carboxylic acid, 6.

Separation of the keto acids was effected by a com-
bination of chromatography on silica gel and treatment
with Girard's-T reagent. By this method a saturated
keto acid, CnHi603 could be isolated in 9% yield and
on the basis of the analytical data, rather featureless
nmr spectrum, and appropriate carboxyl absorption
in the infrared, this material must be |-decalone-7-
carboxylic acid (7). The major product of the reduc-
tion (25%) was an unsaturated acid, C11H103, which
shows no vinyl protons in the nmr, has the ultraviolet
maximum expected for 3 (calcd Xnex 249, obsd 244),
and shows a,/3-unsaturated ketone carbonyl absorption
in the infrared. Finally, a small quantity of a com-
pound isomeric with 3 was obtained which shows vinyl
protons at 85.83 and 6.72 and which has the ultravio-
let absorption predicted for a monosubstituted a/3
unsaturated ketone (calcd Xnmax 227, obsd 226). On
the basis of these data this material must be keto acid
8. The stereochemistry of compounds 7 and 8 was
not investigated, but it is assumed that they have the
more stable trans ring fusion with an equatorial car-
boxyl group.

Glc data from several runs indicated that the prod-
uct ratios were somewhat variable, but a typical re-
action mixture consisted of 42% of 3, 21% of 6, 24%
of 7, 7% of 8, 2% recovered starting material, 5, and
trace amounts of several other unidentified products.

Reaction of 3 with lithium dimethyl cuprate6 gave
a mixture of three saturated keto acids in a ratio of
4:3:2 (A, B, and C). On the basis of spectral data
(see Experimental Section) and subsequent conversions
these are three of the four possible isomers of the de-
sired eudalene precursor, 2. In addition to 2, which
has an equatorial carboxyl group, there is a trans iso-
mer with an axial carboxyl group, 9, and a pair of cis
isomers, 10 and 11. The principal isomer, A, could be
isolated in pure form and, in order to gain some insight
into the stereochemistry of these compounds, was sub-
jected to equilibration studies.

Treatment of the methyl ester of A with methanolic
sodium methoxide gave a mixture of A and a new iso-
mer, D, in a ratio of 3:5. Since these conditions
should effect equilibration at both C-5 and C-7 (ses-
quiterpene numbering), D should be the most stable
of the four isomers, almost certainly 2, with the trans
ring fusion and equatorial substituent at C-7. Not
only is 2 expected to be the most stable of these iso-
mers, but Heathcock has obtained this compound by
equilibration of a mixture of 2 and 11. Isomer
A, which was obtained in pure form, is almost certainly
one of the two compounds with a cis ring fusion, since
it has been shown that there is relatively little energy
difference between cis- and irans-10-methyl-I-decalone,
while AGcoaCHi is in excess of 1 kcal/mol.7

On the basis of the physical properties of A, it is dif-

(6) H. O. House, W. L. Respess, and G. M. Whitesides, ibid., 31, 3128
(1966).

(7) E. L. Eliel, N. L. Allinger, S. J. Angyal, and G. A. Morrison, “Con-
formational Analysis,” Wiley, New York, N. Y., 1965, pp 231-232, 441.
Assuming no complicating stereoelectronic factors, equilibration of the
methyl esters of 2 and 9 should give approximately 80-85% 2.
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ferent from the cis keto acid prepared by Heathcock
and to which stereoformula 11 can be assigned with a
high degree of certainty;2l thus A must be assigned
structure 10. Of the two methyl singlets in the nmr
spectrum of the isomerized mixture of esters, the most
intense appeared at the same position as that reported
for compound 2 by Heathcock and Kelly,2a strengthen-
ing the above assignment of configuration to D.

Some insight into the stereochemistry of isomers B
and C follows from the equilibration of A as the free
acid. This gave only A and B in a ratio of 3:1. Since
the carboxylate anion would not be expected to equili-
brate under the basic conditions of this isomerization,
B must be epimeric with A at C-5 but retain the same
stereochemistry at C-7. Consequently B is 9 and C
is the cis acid reported earlier by Heathcock (11).

It has been noted that the reaction of both cis- and
(rans-1-decalones with methylene triphenylphosphor-
ane in dimethyl sulfoxide leads predominantly to prod-
ucts with a trans ring fusion.2b'8 Since fi-eudesmol
has this stereochemistry, the mixture of isomeric acids
described above was subjected to these reaction con-
ditions to give a mixture of three acids in a ratio of ca
5:4:1. The major product could be isolated by direct
crystallization and was not identical with acid 12,
a compound which has earlier been converted to
0-eudesmol.28b'9 On the basis of glc data the com-
ponent present to the extent of 40% was the desired
product, and by analogy with other systems the major
product, 13, was epimeric to 12 at C-7. This assign-
ment of stereochemistry was verified when it was found
that equilibration of the methyl ester of either the prin-
cipal product of the Wittig reaction or the crude reac-
tion mixture, followed by hydrolysis, gave 12, identical
in all respects with a sample prepared by Marshall's
route.20'9

Since acid 12 has been converted to /3-eudesmol,2b
and /3-eudesmol has in turn been converted to crypto-
meridiol (14) and neointermediolll (15), the synthesis
of 12 constitutes a formal total synthesis of these three
sesquiterpenes. In addition, this is the first total syn-
thesis of any eudalene sesquiterpene which does not
utilize the Robinson annelation reaction, and this syn-
thetic sequence may serve as a prototype for other syn-
theses in the sesquiterpene series.

Experimental Section12

o0-Methoxybenzylidenesuccinic Acid.—This compound was pre-
pared using a modification of Horning’'s procedure.l3 To 770

(8) M. D. Soffer and L. A. Burke, Tetrahedron Lett., 211 (1970).

(9) We would like to thank Professor J. A. Marshall, Northwestern
University, for a sample of this compound.

(10) M. Suminoto, H. I. Hirai, and K. Wada, Chem. Ind. {London), 780
(1963).

(11) V. B. Zalkow, H. Shaligram, and L. H. Zalkow, ibid., 194 (1964).

(12) All melting points were determined on a Kofler hot-stage apparatus
and uncorrected. Infrared spectra were taken as potassium bromide disks
or liquid films on sodium chloride plates using a Perkin-Elmer Model 137
spectrophotometer and are reported in microns. Ultraviolet spectra were
taken in methanol using a Perkin-Elmer Model 202 spectrophotometer and
are reported as Xmax in millimicrons (log €). Nuclear magnetic resonance
spectra were obtained using a Varian Associates A-60 nuclear magnetic
resonance spectrophotometer with deuteriochloroform as a solvent unless
stated otherwise. All spectra are reported in parts per million relative to
tetramethylsilane (5). Gas-liquid chromatography was carried out on an
F & M Model 810 analytical gas chromatograph using helium as the car-
rier gas at a flow rate of 35 ml/min through a Vsin. X 10 ft copper column
of 10% QF1 on HP Chromosorb W (80-100 mesh). Elemental analyses
were performed by Galbraith Laboratories, Knoxville, Tenn.

(13) E. C. Horning and G. N. Walker, J. Amer. Chem. Soc., 74, 5147
(1952).
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ml of ;erf-butyl alcohol was added 52 g of potassium and the mix-
ture was mechanically stirred and heated at reflux under nitrogen
for 4.5 hr. To the resulting heterogeneous mixture of potassium
cerf-butoxide and erf-butyl alcohol was added as quickly as possi-
ble 177 ml (184 g) of diethyl succinate in 100 ml of ;erf-butyl alco-
hol. Immediately 127 g of o-anisaldehyde in 100 ml of ierf-butyl
alcohol was added as rapidly as feasible without losing control of
the vigorous reaction. The resulting heterogenous mixture was
stirred and heated at reflux for 2 hr. After cooling, 1400 ml of
water was added and 1600 ml of ferf-butyl alcohol-water was re-
moved by distillation (final head temperature, 99°). To the re-
action mixture was added a solution of 120 g of potassium hydrox-
ide in 400 ml of water and the dark solution was heated at reflux
for 4 hr. The cooled mixture was washed with ether and, after
heating on the steam bath to drive off any dissolved ether, concen-
trated hydrochloric acid was added carefully (vigorous foaming)
until pH 1was reached. After chilling in an ice bath for 3 hr, the
precipitate was filtered, washed with water, air-dried, and finally
dried in vacuo for 4 hr to give 199 g (90%) of brown solid. A
5.60-g portion of the crude product was triturated with a small
portion of ether and recrystallized from 95% ethanol, giving 3.75
g of tan crystals, mp 186-201°. A second recrystallization gave
1.3 g of slightly colored material: mp 207-210.5° dec (lit. mp
208.5-2110);ir 3.0".2, 5.82-5.96, 11.87-13.22 M nmr (DMSO-
d9 338 (s, 2 H, CR), 3.87 (s, 3H, OCH3), 6.91-7.60 (m, 4 H,
ArH), 7.90 (s, 1H, vinyl H).

o-Methoxybenzylsuccinic Acid.—From 170 g of crude benzyl-
idenesuceinic acid, catalytic hydrogenation by Horning's
methodI3gave after crystallization from benzene 100 g (55% based
on anisaldehyde) of reduced acid, mp 133-136°. A small sample
was dissolved in ether and filtered, the solvent was removed, and
the residue was recrystallized from benzene to give off-white crys-
tals: mp 143-144° (lit. mp 142-1450);13 ir 2.9-3.9, 5.90 m: nmr
2.22-3.23 (m, 5 H, CR and CH), 3.77 (s, 3 H, OCR), 6.72-
7.35 (overlapping AB systems, 4 H, ArH).

o-Methoxybenzylsuccinic Anhydride.—To0 63.6 g of o-methoxy-
benzylsuccinic acid, mp 133-136°, protected from atmospheric
moisture, was added 54 ml of acetyl chloride. A vigorous reac-
tion was apparent after 15 min and was allowed to continue for an
additional 30 min; stirring and gentle reflux were then begun and
continued for 2 hr.  After standing at room temperature for 18 hr
the excess acetyl chloride was removed in vacuo with warming on
the steam bath. Three 15-ml portions of dry benzene were added
and then removed in vacuo at steam bath temperature, leaving
58.8 g of brown, viscous anhydride, ir 5.34, 5.57 n- When 0.300
g of this material was allowed to stand at —10° for several weeks
it crystallized. The resulting solid was recrystallized from ether-
hexane and a second recrystallization gave white crystals mixed
with a brown solid. The solvent was decanted, and 0.100 g of
white crystals (mp 67.5-68.5°) were separated and recrystal-
lized from ether-hexane to give 0.070 g of o-methoxybenzylsuc-
cinic anhydride: mp 68-69°; ir 5.34, 5.43, 561 m: nmr 5 2.78
(d, J = 75 Hz, 2 H, ArCR), 2.98-3.67 (m, 3 H, -CHZXH-),
3.85 (s, 3H, OCH3J), 6.85-7.45 (m, 4 H, ArH).

Anal. Calcd for CIH1D 4 C, 65.45; H, 5.49.
65.17; H, 5.44.

5-Methoxy-I-tetralonecarboxylic Acid (4).—The crude anhy-
dride, 58.5 g, was dissolved in 880 ml of nitrobenzene and added
over a 50-min period to a stirred solution of 103 g of aluminum
chloride in 470 ml of nitrobenzene protected from atmospheric
moisture. Stirring was continued for 5 min and a mixture of 500
g of ice and 500 ml of concentrated hydrochloric acid was added.
After standing for 1.5 days, the nitrobenzene was removed by
steam distillation. The hot solution was filtered, allowed to
cool, and seeded. After standing overnight, the brown crystals
were collected and dried in vacuo to give 26.6 g (45%) of crude
material, mp 125-141°. For characterization, 0.350 g of the
tetralone was purified by dissolution in 75 ml of 50% aqueous hy-
drochloric acid, filtering the hot solution, and chilling in an ice-
water bath. The cloudy solution was filtered again and allowed
to stand overnight. The crystals (0.055 g) were filtered and
dried in vacuo. Recrystallization from water afforded 0.045 g of
colorless needles: mp (softening) 139-143°, melt 143-144° (lit.
mp 145°);4ir 5.80, 5.96 M nmr S2.84-3.59 (m, 5 H, CR, CH),
3.88(s,3H, OCR), 7.08 (q,/ = 8andJ = 1.5 Hz, 1H, ArH),
733 (t,/ = 8Hz, 1H, ArH), 7.70 (q,J = 8and J = 1.5 Hz,
1H, ArH).

The mother liquors from the first crystallization were extracted
with ether (six 400-ml portions), the extracts were dried and fil-
tered, and the solvent was removed in vacuo, leaving 22.5 g of

Found: C,
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tan oil which subsequently crystallized. Recrystallization of
9.5 g from ether-hexane gives 2.9 g of lightly colored crystals.
A second recrystallization from ether afforded material, mp 136-
138°. Repeated recrystallization failed to improve the melting
point. Recrystallization several times from benzene or sublima-
tion did not improve the melting point, and tic (silica gel G, ben-
zene-ethyl acetate) showed two major spots (i and ii, ref 4) (0.74,
0.86): ir 5.67, 5.91 n; nmr 2.58-3.16 (m, 5 H, CH2, CH), 6.68-
7.20 (m,4H, ArH),9.00 (s, 1H, COH).

Anal. Calcd for CnHioOu C, 64.08; H, 4.89.
63.88; H, 5.00.

A solution of 0.700 g of this material was heated at reflux under
nitrogen in 3 ml of 20% aqueous sodium hydroxide, containing
0.32 ml of dimethyl sulfate. The solution was cooled, diluted
with water, and washed twice with ether. The aqueous solution
was acidified with concentrated hydrochloric acid to pH 1 and the
cloudy solution was extracted with ether. The extracts were
combined, washed once with water, dried, and filtered and the sol-
vent was removed under reduced pressure, leaving 0.680 g of
nearly colorless oil which crystallized on standing, mp 110-120°.
Recrystallization from benzene afforded 0.503 g (62%) of tan
crystals, mp 134-138°. The ir and nmr were identical with those
of o-methoxybenzylsuecinic acid, mp 135-139°.

8-Methoxytetralin-2-carboxylic Acid (5).—The tetralonecar-
boxylic acid was reduced under the usual conditions of the Clem-
mensen reduction.l1 From 25.3 g of keto acid there was obtained
22.4 g (95%) of crude 5 mp 136-141°. Recrystallization from
10% hydrochloric acid and then water gave the analytical sample:
mp 142-143°; ir 5.88 n; nmr 5 1.64-2.25 (m, 2 H, ArCH2XH2),
2.62-3.12 (m, 5H, ArCH2 CH), 3.80 (s, 3 H, OCHJ), 6.58-7.25
(m, 3H, ArH).

Anal. Calcd for CiHu03 C, 69.89; H, 6.84.
69.92; H, 6.85.

3,4,5,6,7,8-Hexahydronaphthalen-I (2//)-one-7-carboxylic
Acid (3).— A solution of 9.60 g of 8-methoxytetralin-2-carboxylic
acid in 487 ml of dry ethanol was added with stirring to 390 ml of
liguid ammonia. To this solution was added 45.8 g of sodium
spheres in four portions. An additional 200 ml of ammonia was
added after the third addition of sodium in order to maintain the
blue color. After stirring for 8 hr the ammonia was evaporated
and the ethanol was removed at reduced pressure and steam-bath
temperature. Water was added and the solvent was removed to
give a thick paste to which was added 1 1 of water. The solu-
tion was brought to pH 1 with concentrated hydrochloric acid
and heated on the steam bath under a reflux condenser for 3 hr.
After cooling in an ice bath, the mixture was extracted with ether,
the extracts were dried and filtered, and the solvent was removed
under reduced pressure, leaving approximately 8 g of yellow oil
which crystallized. Analysis by glc of the methyl ester of the
combined solids indicated there to be 53% of the desired enone.
The crude solid was dissolved in benzene and chromatographed
on a column of silica gel (Will, Grade 922, activated 6 hr at 140°).
Elution with benzene-ethyl acetate (10:1) gave 1.53 g of an oil
which crystallized on standing. Recrystallization from a small
volume of hexane gave the analytical sample of 1,2,3,4,5,6,7,8-
octahydro-2-naphthoic acid (6): mp 108-110°; ir 5.90 g; nmr 8
1.36-2.85 (m, 15H, CH and CH2), 11.62 (s, 1H, COH).

Anal. Calcd for Ci,H®2: C, 73.30; H, 8.95. Found: C,
73.44; H, 8.81.

Elution with benzene-ethyl acetate (5:1) gave 1.72 g of a mix-
ture of saturated and unsaturated ketones. A solution of 1.50 g
of this mixture was dissolved in 33.8 ml of dry ethanol containing
4.93 ml of acetic acid and 4.93 g of dry Girard’'s-T reagent and
heated at reflux for 3.5 hr. The solvent was removed and 70.3
ml of water was added. The pH was quickly adjusted to 5-6
with sodium carbonate and the solution was extracted with three
portions of ether. The aqueous layer was allowed to stand for
12 hr at room temperature and extracted with four portions of
ether. The pH was adjusted to 1 with concentrated hydrochlo-
ric acid and the solution was kept at room temperature for 11 hr
and extracted with six portions of ether. After standing at room
temperature another 48 hr and then at steam bath temperature
for 2 hr, the solution was again extracted with ether and then con-
tinuously extracted with ether for 56 hr. The final extracts were
filtered and dried and the solvent was removed to give 0.223 g of
4,4a,5,6,7,8-hexahydronaphthalen-1(1aH )-one-7-carboxylic acid
(8). Recrystallization from ether-hexane gave the analytical
sample: mp 152-156°; ir 3.28, 5.86, 6.00, 6.06 M uv Xmx

Found: C,

Found: C,

(14) E. L. Martin, J. Amer. Chem. Soc., 68, 1438 (1936).

Huffman and Mole

266 mM (log e 3.64); nmr 8 0.83-2.70 (m, 11 H, CH, CH2),
583 (d,J = 10Hz, 1H, OCCH=), 6.72 (m, 1H, OCCH=CH),
10.32 (s, 1H,COH).

Anal. Calcd for C,H¥ 3 C, 68.02; H, 7.27.
68.04; H, 7.34.

The intermediate fractions eluted with benzene-ethyl acetate
(5:1) gave 0.830 g of 2,3,4,4a,5,6,7,8-octahydronaphthalen-I-
(1a/l)-one-2-carboxylic acid (7), which after repeated recrystal-
lization from anhydrous ether, and finally ether-benzene, had mp
146-149°: ir 5.87 #; nmr 8 1.1-2.6 (m, 15H, CH and CH2), 11.51
(s, 1H, COH).

Anal. Calcd for C,iH®3: C, 67.32; H, 8.22.
67.43; H, 8.33.

Treatment of this compound with ethereal diazomethane gave
the oily methyl ester, characterized as the 2,4-dinitrophenylhy-
drazone, mp 179-181°, from aqueous methanol.

Anal. Calcd for CisHZN4 6 C, 55.38; H, 5.68; N, 14.35.
Found: C, 55.47; H, 5.66; N, 14.37.

The final fractions eluted with benzene-ethyl acetate (5:1)
gave 2.23 gof 3,4,5,6,7,8-hexahydronaphthalen-1(2ii)-one-2-car-
boxylic acid (3). The analytical sample, mp 145-146°, was crys-
tallized from dry ether: ir2.9-3.8, 5.86, 6.19 /x; uv Xmax 244 mn
(log €4.18); nmr 8 1.25-2.82 (m, 15 H, CH and CH2), 11.40 (s,
1H,COH).

Anal. Calcd for CnH¥3: C, 68.02; H, 7.27.
68.11; H, 7.37.

The methyl ester (ir 5.75, 6.01 m) was prepared with diazo-
methane and characterized as its 2,4-dinitrophenylhydrazone.
Crystallization from methanol-ethyl acetate afforded bright red
needles, mp 194.5-196.5°.

Anal. Calcd for C,8H2N46 C, 55.67; H, 5.19; N, 14.43.
Found: C, 55.50; H, 5.30; N, 14.18.

4a-Methyl-3,4,4a,5,6,7,8,8a-octahydronaphthalen-1(2H)-one-
7-carboxylic Acid.—To a rapidly stirred mixture of 3.93 g of
cuprous iodide in 79 ml of anhydrous ether at 0° under nitrogen
was added slowly over a 10-min period, 15-17 ml of a2 A ethereal
solution of methyllithium. The solution was allowed to stir for
5 min, and 1 g of 3,4,5,6,7,8-hexahydronaphthalen-1(2H)-one-7-
carboxylic acid (3) in 100 ml of dry ether was added and rinsed in
with two 10-ml portions of the same solvent. The yellow, hetero-
genous mixture was stirred at 0° under nitrogen for 2 hr. The
mixture was then slowly poured into a rapidly stirred solution of
530 ml of 1.2 A hydrochloric acid at 0°.  When all the yellow co-
lor had disappeared and only the gray to tan precipitate of cu-
prous iodide remained, the heterogenous mixture was extracted
repeatedly with ether. The extracts were dried and filtered and
the solvent was removed under reduced pressure at steam bath
temperature, leaving 1.08 g (100%) of a dark brown oil. Analy-
sis by glc of the methyl ester of this oil showed three major com-
ponents in a ratio of approximately 4:3:2 (A:B:C). The oil was
dissolved in ethyl acetate-hexane (1:100) and filtered through 10
g of silica gel which had been activated at 140° for 6 hr. Ethyl
acetate-hexane (1:99) was used for elution until the eluate was
free of the purple color of iodine. Elution with ethyl acetate-
hexane (1:95) gave 0.050 g of a light brown oil which was not
characterized. Further elution with ethyl acetate-hexane (1:4)
gave 0.940 g (87%) of light brown oil which crystallized and was
used in the next step without further purification. One of the
components of the reaction mixture was crystallized as follows.
The crystalline residue from above was dissolved in 10 ml of ethyl
acetate and added to 120 ml of hot cyclohexane. The solution
was concentrated to 100 ml, and after standing a brown oil set-
tled out. The supernatant liquid was decanted and concentrated
to approximately 50 ml to give a mixture of brown oil and crystals.
The supernatant liquid was decanted and the residue was tritu-
rated with small amounts of dry ether. The crystals (0.300 g)
were dissolved in 5 ml of ethyl acetate and added to 20 ml of cy-
clohexane and the solution was concentrated to cloudiness. The
solution was allowed to cool and seeded, and 0.110 g of light yel-
low crystals was collected. Another recrystallization afforded
the analytical sample of 8a/3-methyl-3,4,4a,5,6,7,8,8aa-octa-
hydronaphthalen-1 (2A)-one-7-carboxylic acid (10): mp 152-
154°; ir 3.0, 3.85, 5.88~ nmr 80.93 (s, 3H, CH3, 1.10-2.60 (m,
14 H, CH, CH2), 11.12 (s, 1H, COH).

Anal. Calcd for CiHi603. C, 68.55; H, 8.63., Found: C,
68.51; H, 8.68. Analysis by glc of the methyl ester indicates that
this compound represents 41% of the original reaction.

Equilibration Studies. A.—A solution of 0.010 g of 4a/3-
methyl-3,4,4a,5,6,7,8,8a«-octahydronaphthalen-1(2H)-one-7-car-
boxylic acid (10) in 2 ml of 10% sodium hydroxide was heated on

Found: C,

Found: C,

Found: C,
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the steam bath for 1 hr. The reaction mixture was acidified with
concentrated hydrochloric acid and extracted with four portions
of ether. The extracts were dried, the solvent was removed, and
the residual acid was converted to the methyl ester with diazo-
methane. Glc analysis indicated that there were two components
present in the mixture in a ratio 3:1 (A:B). The retention time
of the major component was the same as that of the starting acid,
while that of the minor component was the same as that of the
isomer present in intermediate amount in the original reaction
mixture.

B.—Keto acid 10 was converted to the methyl ester with diazo-
methane and 0.010 g was heated at reflux for 16 hr in 2.0 ml of
methanolic sodium methoxide. The methanol was removed, 5
ml of water was added, and the solution was acidified (pH 1) with
conentrated hydrochloric acid. The turbid solution was ex-
tracted with ether, the extracts were dried over magnesium sul-
fate, and the solvent was removed to give 0.005 g (50%) of a mix-
ture of esters. Glc analysis indicated that there were two com-
ponents present in a ratio 3:5 (A:D). The retention time of the
minor component was the same as that of the starting ester, while
the major product was a new ester of longer retention time.
The infrared spectrum of this mixture showed absorption at 5.75
and 5.83 y while the nmr showed two singlets, at 80.81 and 0.91,
of relative intensities of co.2.2: 1.

4a/3-Methyl-8-methylene-1,2,3,4,4a,5,6,7,8,8aa-decahydro-
naphthalene-2a-carboxylic Acid (13).—To a solution of methy-
lene triphenylphosphorane, from 4.40 g of methyltriphenylphos-
phonium bromide in 45 ml of dimethyl sulfoxide, was added 0.500
g of the mixture of isomeric acids, A, B, and C, described above in
10 ml of dimethyl sulfoxide. The deep orange solution was
stirred and heated at 62-65° for 36 hr. After cooling to room
temperature, the reaction mixture was poured into water, and the
basic solution was brought to pH 1 with concentrated hydrochlo-
ric acid and extracted with ether. The extracts were washed with
water and dried, and the solvent was removed under reduced pres-
sure at steam bath temperature, leaving 2 g of a yellow oil.
The oil was dissolved in anhydrous ether-hexane and filtered
through a column of silica gel. Elution with hexane gave in the
first fraction 0.030 g of a colorless oil which was not characterized.
Elution with hexane-anhydrous ether (1:1) gave 0.415 g of yel-
low oil (84%) which crystallized on standing. Analysis by glc of
the methyl ester of this material showed that it consisted of 40%
of the desired acid (12), and 60% of a mixture of two other com-
pounds in a ratio of ca. 6:1. Recrystallization from hexane gave

Studies oil Resin Acids. VII.
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the 2a-acid, 13, as White crystals: mp 123-125°; ir 5.87, 6.06, and
11.29 n; nmr 80.75 (s, 3H), 1.27-2.50 (envelope, 13 H), 2.85 (m,
1H ), 4.46 (brs, 1H), 4.76 (brs, 1H).

Anal. Calcd for CRI1202 C, 74.96; H, 9.68.
75.18; H, 9.76.

When the Wittig reaction was carried out as described above
utilizing the methyl esters instead of the mixed acids, a similar
mixture of compounds was obtained.

4a/3-Methyl-8-methylene-1,2,3,4,4a,5,6,7,8,8a«-decahydro-
napthalene-2/3-carboxylic Acid (12).—An ethereal solution of
0.150 g of the mixture of stereoisomeric methylene acids described
above was treated with diazomethane for 15 min. The ether was
evaporated and the resulting oil was heated at reflux for 2 hr with
1 ml of methanol containing 0.108 g of sodium methoxide and
protected from atmospheric moisture. The methanol was re-
moved under reduced pressure at steam bath temperature, water
was added, and the solution was heated on the steam bath under
nitrogen for 1 hr. After cooling to room temperature and acidi-
fying to pH 1 with concentrated hydrochloric acid, the reaction
mixture was extracted with ether. The extracts were washed
once with water, dried, and filtered and the solvent was removed
under reduced pressure, leaving 0.135 g (90%) of yellow oil which
crystallized on standing. Crystallization of the acid from hex-
ane at —10° afforded 0.067 g of tan crystals, mp 107-114°.
Recrystallization from the same solvent gave 0.054 g of off-white
crystals, mp change in crystalline from 95-117°, mp 117.5-
118.5°; mmp with an authentic sample,2ba change in crystalline
from 95-115°, mp 115-117°. The infrared spectrum was identi-
cal with that of the authentic sample, as was the glc retention
time of the methyl esters: nmr 50.75 (s, 3 H), 1.02-2.67 (en-
velope, 14 H), 4.47 (br s, 1 H), 4.73 (br s, 1 H) [lit. (in CCh)
80.75,4.52,4.782] .

Found: C,

Registry No0.—3, 32178-64-6; 3 methyl ester 2,4-

DNP, 32298-25-2; 4, 16035-97-5; 5, 32178-63-5;
6, 32298-28-5; 7, 32298-80-9; 7 methyl ester 2,4-
DNP, 32298-29-6; 8, 32367-43-4; 10, 32298-30-9;

12,32298-31-0; 13,32179-13-8; o-methoxybenzylidene-

succinic acid, 24289-96-1; o-methoxybenzylsuccinic
acid, 32298-34-3; o-methoxybenzylsuccinic anhydride,
32298-35-4.
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The composition of the mixture of olefins obtained by lead tetraacetate decarboxylation of 4-epidehydro-

abietic acid (4) has been found to be very nearly the same as that obtained from dehydroabietic acid.

Acid-

catalyzed isomerization of this mixture of olefins leads to a mixture of 19-norabieta-4,8,l1,13-tetraene (2) and

19-nor-5/3-abieta-3,8,11,13-tetraene (7), in which the latter predominates.
18-nor-5/3-abieta-8,11,13-trien-3«-ol (9), which on oxidation affords the corresponding ketone 14.

of the isomerization of the olefin mixture is discussed.

In the course of the hydroboration-oxidation of the
mixture of olefins obtained by lead tetraacetate decar-
boxylation of dehydroabietic acid, there was obtained,
among other products, 19-norabieta-8,11,13-trien-7-one
(1).2 1t was suggested that this ketone was probably
derived from 19-norabieta-4,8,l1,13-tetraene (2), but
this was not confirmed2 and in an effort to gain addi-
tional information concerning the origin of 1, a con-
venient source of olefin 2 was sought. Although 2
has been isolated from the decarboxylation mixture by
chromatography,3 this substance constitutes less than

(1) Part VI: J. W. Huffman, J. Org. Chem., 35, 3154 (1970).

(2) J. W. Huffman, ibid., 35, 478 (1970).

(3) C. R. Bennett, R. C. Cambie, R. A. Franich, and T. J. Fullerton,
Aust. J. Chem,, 22, 1711 (1969).

Hydroboration-oxidation of 7 gives
The course

30% of that mixture.23 Since it had been reported
that lead tetraacetate decarboxylation of podocarpic
acid methyl ether (3) gives a mixture of olefins which
contains 63% of the analog of 2,4this reaction was car-
ried out on 4-epidehydroabietic acid (4).1 This proce-
dure gave, however, a mixture of 32% of 2, 41% of 19-
norabieta-4(18),8,I1,13-tetraene (5), and 27% of 19-
norabieta-3,8,11,13-tetraene (6). Repetition of the de-
carboxylation in the podocarpic acid series gave, in con-
trast to the original report,45a mixture containing 32%
of the analog of 2 and 38 and 25% of the analogs of 5

(4) C. R. Bennett and R. C. Cambie, Tetrahedron, 23, 927 (1967).
(5) R. C. Cambie and W. A. Denny, Aust. J. Chem., 22, 1699 (1969),
subsequently reported similar data, correcting their original report (ref 4).
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3, R=0CH3 R'= H
4R =

H;R'=CH(€H32

and 6, respectively. The decarboxylation of dehydro-
abietic acid gives a mixture of 2, 5, and 6 in relative
percentages of 27, 40, and 33,2and on the basis of Cam-
bie's original data4 and the obvious difference between
them and these results, it was suggested that the lead
tetraacetate decarboxylations proceed via a hot car-
bonium ion.2 However, since it is apparent that very
nearly the same percentages of isomeric olefins are ob-
tained in these decarboxylations regardless of the stereo-
chemistry at C-4, it seems probable that the reactions
are proceeding by way of a classical, open carbonium
ion.

It has been reported that the acid-catalyzed isomeri-
zation of the 19-norpodocarpatetraene mixture gives
a 2:1 mixture of the 4- and 3-enes6 and by analogy it
was assumed that similar treatment of the norabieta-
tetraenes2ibawould give a mixture rich in 2, which would
be amenable to either chemical or chromatographic
separation techniques. The use of Cambie’s conditions
(p-toluenesulfonic acid-dioxane) gave little evidence of
isomerization, and repetition of Cambie’s isomerization
of the norpodocarpatetraenes failed to give the reported
results.6 When the mixture of olefins from dehydro-
abietic acid was heated with p-toluenesulfonic acid in
toluene there was obtained a mixture which contained
from 30 to 50% of 2 with the balance of the mixture
being an olefin which was different from either 5 or 6.
Attempted separation by silver nitrate-silica gel chro-
matography failed; however, selective epoxidation of
260r preparative glc gave a pure sample of the new com-
pound. The mass spectrum of this material indicated
that it was isomeric with 2,5, and 6 (M + 254),6band the
nmr spectrum showed a vinyl proton signal at 5 5.33,
a broadened singlet due to a vinyl methyl at S1.71, and

(6) (a) J. W. Huffman and P. G. Arapakos, J. Org. Chem., 30, 1604 (1965).

(b) We would like to thank the Research Triangle Institute for Mass
Spectrometry, Research Triangle Park, N. C., for carrying out this deter-
mination.

Huffman

an angular methyl signal at 51.27. The only structure
consistent with these data is 19-nor-5/3-abieta-3,8,11,13-
tetraene (7), in which A and B rings have adopted a non-
steroidal conformation (7a).7 Treatment of the nor-
podocarpatetraene mixture under similar conditions
gives similar results.

In order to gain additional insight into the structure
of 7, and in particular its mode of formation, a mixture
of 2 and 7 which was rich in 7 was subjected to hydro-
boration-oxidation. The principal product was a sec-
ondary alcohol, CiH20, which showed a moderately
shielded C-10 methyl singlet in the nmr at 5 1.17 and a
carbinol proton as a multiplet at 6 3.12. Since the sig-
nals for the benzylic protons partially overlapped that
of the carbinol proton, the acetate was prepared and
this showed a very broad signal (Wy, = 23 Hz) at 54.50.
The width of this signal indicates that proton is axial,
and the vicinal coupling constant for the secondary
methyl is 5 Hz, indicating that H-4 is also axial, with
the secondary methyl group equatorial.84 Although
both the nonsteroidal conformer of 19-nor-5/3-abieta-
8,I1,13-trien-3] 3-0l (8) and the steroidal conformer of
18-nor-5/3-abieta-8,11,13-trion-3a-ol (9) would have the
hydroxyl and secondary methyl group equatorial, the
angular methyl signal is at the same frequency as that

of 18-norabieta-8,I1,13-trien-3a-ol (10).2 This indi-
9, R=0OH;R'=H 10
13, R=R'=H
14, R=R'=0

cates that the methyl group in both compounds has the
same spatial relationship to the aromatic ring and that
the hydroboration product of olefin is the 3a-ol (9), re-
sulting from a attack of diborane on 7. Examination
of a model of 7 indicates that in the nonsteroidal con-
formation attack is hindered by the angular methyl
group. In the steroidal conformer the convex 3 face of
ring A is relatively unhindered while the concave a
side of the olefin is shielded by rings B and C. The

(7) In the 5a isomer of 7 (6), the angular methyl signal appears at 5 1.05
(ref 2). The only way to explain the rather profound deshielding of the
angular methyl in 7 is by some change in the spatial relationship between
the angular methyl group and the aromatic ring. The steroidal conforma-
tion of 7 would have the angular methyl and the aromatic ring in nearly the
same relationship as in 6, and consequently the angular methyl signal would
not be expected to be significantly different from that of 6.

(8) (a) F. Johnson, N. A. Starkousky, and W. D. Gurowitz, J. Amer. Chem.
Soc., 87, 3492 (1965). (b) S. P. Acharya and H. C. Brown, J. Org. Chem.,
35, 3874 (1970), have used a similar argument in discussing the conformation
of thujopsene. These authors discuss in some detail the theoretical justifi-
cation for this approach in probing the conformational preferences of mobile
systems.
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stereochemical course of the hydroboration reaction pro-
vides confirmatory evidence for the nonsteroidal con-
formation of 7.8b

In contrast to the highly stereoselective hydrobora-
tion of 7, catalytic hydrogenation gave a mixture of two
hydrocarbons. The nmr spectrum of the major prod-
uct showed the high-field methyl singlet (5 1.18) associ-
ated with a steroidal conformation8 while the C-10
methyl signal for the minor component of the mixture
appeared at 51.40, indicating a nonsteroidal conforma-
tion for rings A and B. On the basis of these data the
major isomer is 18-nor-5/3-abieta-8,I1,13-triene (13),
with an equatorial secondary methyl group, while the
minor product is the C-4 epimer with an equatorial
methyl and nonsteroidal conformation.

Although the isomerization of the mixture of 2, 5, and
6 is a priori a straightforward acid-catalyzed olefin
isomerization proceeding through a carbonium ion at
C-4, an alternative path involving rupture of the 9-10
bond, followed by the recyclization in a manner similar
to that suggested by Wenkert for the dehydroabieto-
nitrile-isodeoxypodocarponitrile reaction could not be
excluded.9 It should be noted, however, that if this
mechanism were operative, the intermediate would be
either a symmetrical allylic carbonium ion (11) or a ter-
tiary homoallylic carbonium ion (12, or the isomeric
ion corresponding to 6). If the former course correctly
represented the reaction path, the product olefins would
be a racemic mixture and if the latter mechanism were
operative, the products would be enantiomeric with the
natural resin acids. Consequently, alcohol 9 was oxi-
dized to the corresponding ketone (13) under conditions
which preclude isomerization at C-4.10 The ketone
thus obtained showed a C-10 methyl signal in the nmr
at relatively high field (5 1.26) indicating a steroidal
conformation for the molecule, and the relatively small
value of the vicinal coupling constant for the secondary
methyl protons (J = 6 Hz) indicates that this methyl
group is equatorial.7 The rotatory dispersion curve of
13 showed a negative Cotton effect curve (amplitude
—12.7) as predicted by the octant rule for the steroidal
conformer of 18-nor-5/3-abieta-8,I1,13-tetraen-3-one
(14). The structure of 14 would thus seem to exclude a
breaking of the 9-10 bond during the isomerization and
tends to support a simple carbonium ion mechanism.

During the course of several different isomerizations
of the mixture of olefins from dehydroabietic acid, it was
found that the relative percentages of 2 and 7 were
somewhat variable. In an effort to follow the course of
the reaction one run was carried out and the composi-
tion of the reaction mixture was monitored at various
intervals. Initially there is a rapid conversion of 5 and
a somewhat less rapid conversion of 6 to 2, followed by
a rather slow conversion of 2 to a mixture of 2 and 7.
Although no effort was made to carry this reaction to
completion, after 25 hr the isomerization mixture con-
tains 61% of 7, 37% of 2, 2% of 6, and a trace of 5 and
traces of three other compounds. Following the com-
pletion of this work Whitlock reported isomerization
data for the deisopropyl analog of 2, using p-toluene-
sulfonic acid-acetic acid.1l1 These authors observed

(9) E. Wenkert and B. G. Jackson, J. Amer. Chem. Soc., 80, 211 (1958).

(10) (a) E. J. Corey and R. A. Sneen, ibid., 78, 6269 (1969); (b) J. W.
Huffman, J. A. Alford, and R. R. Sobti, J. Org. Chem., 35, 473 (1970).

(11) H. W. Whitlock, Jr., and L. E. Overman, J. Amer. Chem. Soc., 93,
2247 (1971).
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nearly the same ratio of 2 to 7 that we observe; however,
they also obtained nearly 20% of three other isomeric
olefins. These differences in product composition can
probably be attributed to solvent differences, which
would ultimately amount to a counterion effect.12
W hitlock has attempted to explain the differences in his
solvolysis results and olefin isomerizations in terms of
conformational effects;11 however, our results seem to
favor the alternative explanation.

A priori it appears rather unusual that the major
product of the isomerization of 2, 5, and 6 should be a
cis-fused, trisubstituted olefin (7); however, examina-
tion of models indicates that in 2, 5, and 6 there are
rather severe steric interactions between C-18 and C-6,
which are relieved by isomerization to 7.

Experimental Section3

Decarboxylation of Dehydroabietic Acid.—This reaction was
carried out as described previously.26 Analysis by nmr and glc
gave the following results: 5, 40%; 6, 33%; 2, 27%. Canonica,
el al., report 37, 34, and 29%, respectively. 14

Decarboxylation of 4-Epidehydroabietic Acid (4).—This reac-
tion was carried out in the same manner as that of dehydroabietic
acid; analysis by nmr showed 41% 19-norabieta-4(18),8,11,13-
tetraene (5), 27% 19-norabieta-3,8,11,13-tetraene (6), and 32%
19-norabieta-4,8,l1,13-tetraene (2). The olefins were isolated as
described earlier.26

Decarboxylation of o-Methylpodocarpic Acid (3).— Decarbox-
ylation of o-methylpodocarpic acid and the isolation of the olefins
were carried out as described previously.26 Analysis by nmr and
glc gave the following results: 38% 12-methoxy-19-norpodocarpa-
4(18),8,11,13-tetraene; 26% 12-methoxy-19-norpodocarpa-3,8,-
11,13-tetraene, and 32% 12-methoxy-4,8,I1,13-tetraene. Cam-
bie reports 39, 33, and 28%, respectively, from this reaction.5

Isomerization of 19-Norabietatetraenes.—To a solution of
5.24 g of the mixture of 2, 5,/and 6 obtained from the lead tetra-
acetate decarboxylation of dehydroabietic acid in 250 ml of tolu-
ene was added 0.45 g of p-toluenesulfonic acid and the mixture
was heated at reflux 5 hr and then allowed to stand for 24 hr at
room temperature. The precipitated toluenesulfonic acid was
filtered off, the toluene was removed at reduced pressure, and the
residue was taken up in hexane. The hexane solution was washed
with 5% aqueous sodium hydroxide and water, dried, concen-
trated to a small volume, and filtered through a column of Merck
acid-washed alumina. Elution with hexane gave 4.85 g (93%) of
a mixture containing 63% of 19-norabieta-4,8,11,13-tetraene (2)
and 37% of 19-nor-5/3-abieta-3,8,l1,13-tetraene (7), plus traces
of other isomers. Attempted separation by chromatography on
silver nitrate-silica gell6 was unsuccessful, and the mixture was
finally resolved by preparative glc to give pure (glc) 7 [nmr 1.27
(s, C-10 methyl), 1.71 (br s, C-4 methyl), 533 (m, H-3)] and
pure (glc) 2.

In one run, carried out as described above, aliquots were with-
drawn at intervals and the course of the reaction was monitored
by glc (Table I).

Isomerization of 12-Methoxy-19-norpodocarpatetraenes. A.—e
A solution of 1.00 g of the mixture of olefins from o-methylpodo-
carpic acid in 50 ml of toluene containing 0.10 g of p-toluenesul-
fonic acid was heated at reflux for 4 hr and allowed to stand at
room temperature for 18 hr. The product was isolated as de-

(12) D. J. Cram and M. R. V. Sahyun, ibid., 85, 1257 (1963).

(13) Melting points were determined on a Kofler hot stage and are uncor-
rected. Infrared spectra were taken as films or potasium bromide pellets
on a Perkin-Elmer Model 137 spectrophotometer. Nuclear magnetic
resonance spectra were recorded on a Varian Associates Model A-60 spec-
trometer using deuteriochloroform as a solvent and tetramethylsilane as an
internal standard. Signals are reported in parts per million relative to this
standard (5). Optical rotatory dispersion curves were determined in meth-
anol using a Jasco ORD/UV-5 spectropolarimeter. Analytical glc data
were obtained using an F and M Model 810 chormatograph with 8 ft X
0.125 in. SE-30 on Chromosorb W or 10 ft X 0.125 in. OV-17 on Chromosorb
W columns at temperatures of 225-240°.

(14) L. Canonica, B. Danieli, P. Manitto, and G. Russo, Gazz. Chim.
Hal., 98, 699 (1968).

(15) T. Norm and L. Westfelt, Acta Chem. Scand., 17, 1828 (1963).
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Table |

Course of the Isomerization of 19-Norabietatetraenes

Time, e Compd, % -
hr 2 5 6 7
0 27 40 33 0
i 74 1 13 12
2 67 Trace 5 28
3 57 Trace 3 40
4 51 Trace 3 46
6 48 Trace 2 50
8 46 Trace 2 52
25 37 Trace 2 61

scribed above to give 0.493 g of a mixture which contained 54%
12- methoxy-19-nor-5/3-podocarpa-3,8,11,13-tetraene [nmr $5.35
(m, H-4), 3.72 (OCH3 (d, / = 1Hz, C-4 methyl), and 1.28 (s,
C-10 methyl)] and 46% 12-methoxy-19-norpodocarpa-4,8,11,13-
tetraene [nmr S3.72 (s, OCHJ3), 1.67 (br s, C-4 methyl), 1.37 (s,
C-10 methyl)]. Cambie4reports signals at a3.68, 1.64, and 1.33
for this compound.

B.—The norpodocarpatetraene mixture was treated and the
product was isolated as described by Cambie6 to give a mixture
which contained 36% 12-methoxy-19-norpodocarpa-4(18),8,ll,-
13- tetraene, 24% 12-methoxy-19-norpodocarpa-3,8,11,13-tet-
raene, and 40% 12-methoxy-4,8,11,13-tetraene.

Epoxidation of Isomerized Abietatetraenes.—To0 a solution of
2.84 g of a mixture of 2 (54%) and 7 (46%) in 125 ml of methyl-
ene chloride was added 1.41 g of m-chloroperbenzoic acid. The
mixture was stirred at room temperature for 0.75 hr and then ex-
cess 10% aqueous sodium bisulfite was added. The organic layer
was drawn off and washed with bisulfite solution and two portions
of 10% aqueous sodium carbonate. After drying the solvent was
removed to give 1.73 g of oil which was taken up in hexane and
chromatographed on 80 g of Bio-Rad activity I neutral alumina.
Elution with hexane gave 0.255 g of 7, homogeneous by glc. Elu-
tion with hexane-benzene mixtures gave 0.599 g of a mixture of
epoxides, which was not investigated further.

Hydroboration of Isomerized Abietatraenes.—To0 a solution of
2.89 g of the mixture of 2 and 7, obtained as described above, in
25 ml of dry ether containing 1.00 g of lithium aluminum hydride
and maintained at 0° was added dropwise a solution of 3.75 ml of
boron trifluoride in 60 ml of ether. The reaction mixture was
stirred for 2 hr at ambient temperature and sufficient ice was
added to decompose the excess diborane. Saturated brine was
added, the ethereal solution was decanted, and the aqueous phase
was slurried with two portions of ether which were combined with
the original organic phase. The ethereal solution was dried and
the solvent was removed at reduced pressure with gentle warm-
ing. The residual alkylboranes were taken up in 120 ml of tetra-
hydrofuran to which was added 60 ml of 10% aqueous sodium hy-
droxide followed by 50 ml of 30% hydrogen peroxide. The reac-
tion mixture was stirred at room temperature for 18 hr, and the
aqueous layer was drawn off and extracted with two portions of
ether. The combined organic layers were washed with water and
dried and the solvent was removed to give 2.40 g of pale amber oil.
Tic (silica gel G, benzene-ethyl acetate, 8:1) indicated that the
product was a mixture of at least three compounds with one pre-
dominating. On standing the oil partially crystallized and tri-
turation with hexane gave 0.451 g of 18-nor-5/3-abieta-8,11,13-
trien-3a-ol (9). Recrystallization from hexane gave 0.350 g:

Huffman

mp 135-136° nmr S1.11 (d, J =
C-10 methyl), and 3.12 (m, H-3).

The analytical sample, mp 138-139°, was crystallized from
aqueous methanol.

Anal. Calcd for CIH2X:
83.88; H, 10.25.

The acetate was prepared from 0.10 g of 9. This material
would not crystallize: mass spectrum M+ 314; nmr S0.93 (d,
J = 5Hz, C-4 methyl), 1.18 (s, C-10 methyl), 1.95 (s, CH3O),
4.50 (m, Wi/2= 23 Hz, H-3).

The hexane solution remaining from the isolation of 9 was chro-
matographed on 90 g of Merck acid-washed alumina. Elution
with hexane gave 0.102 g of a mixture of hydrocarbons while ben-
zene-methylene chloride mixtures gave 0.443 g of oil. Later
benzene-methylene chloride fractions afforded an additional
0.954gof9g. =

Hydrogenation of 19-Nor-5/3-abieta-3,8,11,13-tetraene.—A
solution of 0.152 g of 7 in 10 ml of ethanol containing 0.030 g of
Adam'’s catalyst was hydrogenated at 50 psig. After filtering off
the catalyst and removing the solvent there was obtained 0.108 g
(71%) of nearly colorless oil. For characterization the product
was taken up in hexane and filtered through a column of Bio-Rad
neutral alumina. Glc indicated that the mixture contained 66%
18-nor-5/3-abieta-8,11,13-triene (13) [nmr 50.92 (d, J = 5 Hz,
C-4 methyl), 1.18 (s, C-10 methyl)] and 34% 19-nor-5/3-abieta-
8,11,13-triene [nmr S0.96 (d, 3 = 7 Hz, C-4 methyl), 1.40 (s,
C-10 methyl)]; mass spectrum, M + 256.

18-Nor-5/3-abieta-8,11,13-tetraen-3-one (14).—A solution of
0.20 g of 9 in 6 ml of benzene was added slowly with vigorous stir-
ring to a chilled (5°) solution of 0.150 g of chromic acid and 1.50
g of sodium dichromate in 25 ml of acetic acid and 2 ml of water.
The reaction was stirred at room temperature for 18 hr, the aque-
ous layer drawn off, the benzene solution washed thor-
oughly with water and dried, and the solvent removed to give
0.125 g (65%) of nearly colorless oil, which was homogeneous to
tic (silica gel G, benzene-hexane, 1:1): nmr51.09(d,J = 6 Hz,
C-4 methyl), 1.26 (s, C-10 methyl); ORD [$]J<o0 +350°,
[H32 —447°, [0]2M0°, [$]282 +825°. For analysis 14 was con-
verted to the 2,4-dinitrophenylhydrazone, mp 165-166°, from
ethanol-ethyl acetate.

Anal. Calcd for CEHMND<: C, 66.65; H, 6.71; N, 12.44.
Found: C, 66.86; H, 6.76; N, 12.58.

5 Hz, C-4 methyl), 1.17 (s,

C, 83.77; H, 10.36. Found: C,

Registry No.—2,
22478-63-3;

23963-77-1; 5,
7, 32298-72-9; 9, 32298-73-0; 9 acetate,
32298-74-1; 13, 32298-75-2; 14, 32298-76-3; 14 2,4-
dinitrophenylhydrazone, 32298-77-4; 12-methoxy-19-
nor-5/3-podocarpa-3,8,11,13-tetraene, 32298-78-5; 12-
methoxy - 19 - nor - 5/3- podocarpa - 4,8,11,13 - tetraene,
32298-79-6; 19-nor-5/3-abieta-8,11,13-triene, 32367-41-
2.

22478-62-2; 6,

Acknowledgments.—The spectropolarimeter was ob-
tained through a National Science Foundation Re-
search Instruments Grant. We thank T. F. Sander-
son of Hercules, Inc., for a generous gift of dehydro-
abietonitrile and Dr. Reuben Sawdaye of this depart-
ment for assistance with the glc experiments.



Photochemistry of 1,1,2,2-Tetraphenylethane

The Photochemistry of 1,1,2,2-Tetraphenylethane.

J. Org. Chem.,, Vol. 37, No. 1, 1972 21

A Di-r-ethane Reaction

William C. Schumann, D. B. Vashi, James A. Ross, and Roger W. Binkley*1

Department of Chemistry, Cleveland State University, Cleveland, Ohio

~115

Received July 2, 1971

The photolysis of 1,1,2,2-tetraphenylethane (1) has been found to result in the formation of I-(2-biphenylyl)-

1,2-diphenylethane (6), biphenyl (3), and cis- and ;rans-stilbene (2 and 4).
photolysis of I,I-diphenyl-2,2-ditolylethane (8) were conducted.

Mechanistic studies involving the
The results from these studies require that

three of the four photoproducts (2, 3, and 4) from irradiation of 1,1,2,2-tetraphenylethane (1) arise through an

interaction of the number one positions of two benzene rings attached to adjacent carbon atoms.

This type

of reaction is termed a di-x-ethane reaction in analogy to the well-known di-7r-methane rearrangement. The
mode of formation of the fourth photoproduct is still unknown.

We have recently isolated 1,1,2,2-tetraphenylethane
(1) as one of the photoproducts from the photolysis of
benzophenone azine.2 There was a clear indication
from the products in this reaction that 1,1,2,2-tetra-
phenylethane (1) was itself photolabile. We have
now investigated the photochemistry of 1 and wish to
describe the unusual fragmentation and rearrangement
processes it undergoes as well as to report the discovery
of a new type of photochemical process, a di-7r-ethane
reaction.

Results

Vycor-filtered irradiation of 3.00 mmol of 1,1,2,2-
tetraphenylethane (1) in 1200 ml of methanol under
nitrogen for 45 min with a 450-W Hanovia mercury
vapor lamp caused the disappearance of 0.93 mmol of
starting material as well as a yellowing of the reaction
mixture. Distillation of the solvent and chromatog-
raphy of the photolysis mixture on Florisil separated
it into four fractions in addition to unreacted starting

material. The three minor products were identified
as cfs-stilbene (2, 16%), biphenyl3 (3, 10%), and
irans-stilbene (4, 5%) by comparison with known

samples. Structural assignment to the major photo-
product (65% vyield, mp 79-81°) rests upon the fol-
lowing spectroscopic and chemical evidence. The

major product was found to be isomeric with the start-
ing material (1) by elemental analysis and molecular
weight determination. The ir spectrum showed only
absorptions characteristic of an alkyl aromatic system.
The nmr spectrum (CCh) showed absorptions at r
3.10 (19 H, m), 5.67 (1 H, t), and 6.81 (2 H, d). These
data suggested that the photoproduct possessed a
substituted biphenyl structure. The fact that the uv
spectrum exhibited only end absorption was in accord
with a biphenyl system which possessed an ortho sub-
stitution pattern.4 Spectroscopic analysis, therefore,
was consistent with two possible photoproduct struc-
tures, 2-(2-biphenylyl)-l1,I-diphenylethane (5) and 1-

(1) Author to whom inquiries should be addressed.

(2) R. W. Binkley and J. Gorse, Ill, Abstracts, 161st National Meeting
of the American Chemical Society, Los Angeles, Calif., 1971, No. ORGN 128.

(3) The uv spectrum of the methanol distilled from the reaction mixture
had an absorption spectrum identical with that of biphenyl; thus, it is
likely that some biphenyl was lost during evaporation of the solvent.

(4) H. H. Jaffé and M. Orchin, “Theory and Applications of Ultraviolet
Spectroscopy,” Wiley, New York, N. Y., 1964, p 397.

(2-biphenylyl)-1,2-diphenylethane (6). Assignment of
structure 6 to the major photoproduct was made on
the basis of its synthesis from 1-bromo-I,2-diphenyl-
ethane and 2-bromobiphenyl in the presence of mag-
nesium. The photochemical reaction of 1,1,2,2-tetra-
phenylethane (1) is described by eq 1.

Irradiation of 1,1,2,2-tetraphenylethane (1) under
the same conditions as described above except for a
longer photolysis time (3 hr) followed by the same
chromatographic procedure resulted in similar yields
of cfs-stilbene (2, 16%), biphenyl3 (3, 11%), and trans-
stilboene (4, 7% ); however, the yield of I-(2-biphe-
nylyl)-1,2-diphenylethane (6) was reduced to 22% and
a new photoproduct was formed in 39% yield. The

new photoproduct was also isomeric with the starting
material (1) and nearly identical with 6 in ir and nmr
spectral data [nmr (CCh) £2.85 (19 H, m), 5.79 (1 H, t),
6.66 (2 H, d)]; however, the uv spectrum exhibited a
maximum at 251 nm (« 10,000), indicating a biphenyl
system which was not ortho-substituted. On the
basis of this spectral information the most probable
structure for the photoproduct was I-(3-biphenylyl)-
1,2-diphenylethane (7). Confirmation of this struc-
tural assignment was achieved by synthesis of 7 from
1-bromo-l,2-diphenylethane and 3-bromobiphenyl via
a Grignard coupling reaction.

The two reactions of 1,1,2,2-tetraphenylethane (1)
described above clearly suggested that |I-(2-biphe-
nylyl)-1,2-diphenylethane (6) was an intermediate in
the formation of I-(3-biphenylyl)-1,2-diphenylethane
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(7). Photolysis of 6 under the same conditions as 1
led quantitatively to 7.5

I,I-Diphenyl-2,2-ditolylethane (8) was irradiated
using the same photolysis procedure as with 1. Chro-
matography on Florisil separated the reaction mixture
into two mixtures of photoproducts. Preparative
vpc analysis of the first photoproduct mixture sep-
arated it into 4-methylbiphenyl (9, 22%) and cCis- and
irans-4-methylstilbene (10, 16% and 11, 5%). No
other stilbenes or methylbiphenyls were detected even
though experiments with biphenyl, 2- and 3-methyl-
biphenyl, 4,4'-dimethylbiphenyl, and cis- and trans-
4,4'-dimethylstilbene showed that they would have
been in this mixture and would have been detected by
vpc analysis.

The second fraction isolated from photolysis of 8
exhibited an nmr spectrum which was clearly a mixture
of compounds related to I-(2-biphenylyl)-l1,2-diphe-
nylethane (6). The spectrum was consistent
with an essentially equal combination of 12 and 13;

nmr

unfortunately, however, this photolysis mixture proved
to be an inseparable one. Vpc analysis resulted in
decomposition. Adsorption chromatography using
Florisil, silica gel, and alumina as well as several types
of liquid-liquid partition chromatography were un-
successful.

The photochemical reaction of
ditolylethane (8) is described in eq 2.

I,I-diphenyl-2,2-

PH

biphenyls analogous to 6

o)

Discussion

There are several interesting questions raised by the
results from the photolysis of 1,1,2,2-tetraphenylethane
(1). Perhaps the most intriguing of these deals with
the mechanism of the reaction process, although a
knowledge of the types of systems which will undergo
this reaction is certainly of interest. Even though
further experimentation is necessary before complete
mechanistic determinations can be made, the results
from this study give important insight into under-
standing this reaction and the new mechanistic process
which controls it.

(5) This type of rearrangement has been studied by a number of workers.

Most recent is the thorough examination of methylbiphenyls by V. Mende,
J. L. Laseter, and G. W. Griffin, Tetrahedron Lett., 3747 (1970).
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In considering possible mechanisms for the photo-
reaction of 1,1,2,2-tetraphenylethane6 (1), two funda-
mental reaction types, the di-7r-methane and the di-
x-ethane (Scheme 1), appear possible. A di-x-methane
Scheme |

Di-x-methane and Di-x-ethane Rearrangement

Di-x-methane

Di-x-ethane

reaction in this system (Scheme Il) would be initiated

Scheme |11

Di-x-methane Rearrangement for
1,1,2,2-Tetraphenylethane (1)

by bond formation between the substituted positions
of two geminai benzene rings and lead to the inter-
mediate 14. The diradicai thus produced could sta-
bilize itself by rearrangement to the cyclobutane 16,
which upon further excitation would either fragment
the two ring bonds to produce biphenyl (3) and cis- and
trans-stilbene (2 or 4) or break only a single cyclo-
butane ring bond to lead, after hydrogen migration,
to I-(2-biphenylyl)-1,2-diphenylethane (6). It is
worth noting that although the proposed reaction
process (Scheme I1) is identical with the di-x-methane
rearrangement throughout the first segment of the
reaction course, it takes a different turn at an inter-
mediate stage. In the normal di-x-methane reaction
the diradicai 15 would have formed a norcaradiene

(6) The most extensive studies of the di-ir-methane reaction have been
by H. E. Zimmerman and A. C. Pratt, J. Amer. Chem. Soc., 92,'6267 (1970),
and references cited therein.
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structure; instead, however,
migration before ring closure.

it undergoes a phenyl

A second mechanistic possibility is shown in Scheme
I1l. This process proposes a di-ir-ethane reaction to

Scheme 111

Di-urethane Rearrangement for
1,1,2,2-Tetraphenylethane (1)

o . P .Q_P P
s D d1117>

account for the transformations of 1,1,2,2-tetraphe-
nylethane (1). Such a mechanism differs from the
di-ir-methane reaction in that it describes the inter-
action of 7rsystems attached to adjacent carbon atoms.
This type of interaction and rearrangement in the case
of 1leads through intermediate diradicals 17 and 18 to
the cvclobutane derivative 16. Possible reaction of
this intermediate (16) was discussed in the previous
paragraph and is pictured in Scheme II1.

A decision between the two proposed mechanistic
pathways (di-7r-methane and di-ir-ethane) can be made
for three of the four products (2, 3, and 4) from
photolysis of 1 based upon the results from irradiation
of I,I-diphenyl-2,2-ditolylethane (8). Excitation of
8 yields 4-methylbiphenyl (9) as the only simple bi-
phenyl and cis- and irons-4-methylstilbenc (10 and 11)
as the only stilbenes formed (Scheme 1V). This re-
sult excludes the di-ir-methane pathway but is com-
pletely consistent with the di-ir-ethane proposal. Ex-
perimental difficulties (see Results) prevented any
conclusion from being drawn regarding the mechanism
of formation of the substituted biphenyl 6.

The apparent demonstration that a di-ir-ethane
type of interaction is taking place in the photolysis of
1 raises a number of questions related to the photo-
chemistry of unsaturated systems. For example:
What are the molecular structural requirements for a
di-7r-ethane reaction to occur? What factors control
whether a di-ir-methane or di-ir-ethane reaction will
take place in a particular system where both are pos-
sible? Is there a scries of related reactions involving
the photochemical interaction of ir systems in which
the two processes discussed here (the di-ir-methane
and di-ir-ethane rearrangements) represent only the
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Scheme IV

Photochemistry of 1,1-Dipheny-1-2,2-ditolylethane

first two members? These and other questions are
currently under investigation in our laboratories.

Experimental Section

Vycor-Filtered Irradiation of 1,1,2,2-Tetraphenylethane (1).—
In a typical run 999 mg (3.00 mmol) of 1,1,2,2-tetraphenyl-
ethane7 (1) in 1200 ml of methanol was irradiated for 45 min with
a 450-W Hanovia high-pressure mercury-vapor lamp which had
been lowered into a water-cooled quartz immersion well. Pre-
purified nitrogen was passed through the solution for 1 hr prior to
irradiation and a slow stream of nitrogen was continued during
photolysis.

After irradiation, the solvent was removed by distillation
in vacuo below 25°, producing a distillate which exhibited the uv
spectrum of biphenyl and leaving a residue consisting of crystals
mixed with a yellow oil. The residual oil was chromatographed
on a 90 X 2.5 cm Florisil column slurry packed in 1:9 ether-
hexane; 60-ml fractions were collected. The column was eluted
as follows: 0.5 1 of hexane, 0.5 1 of 1:49 ether-hexane, and
0.751. of 1:24 ether-hexane.

Fraction 7 afforded 15 mg (0.09 mmol) of crystalline biphenyl,
mp 68-69°, identical in ir spectrum and giving no mixture melt-
ing point depression with a known sample.7 Fractions 8 and 9
gave 27 mg (0.15 mmol) of eis-stilbene, identical in ir and nmr
spectra with an authentic sample.7 Fractions 10 and 11 produced
9 mg (0.06 mmol) of crystalline irans-stilbene, mp 118-122°,
identical in ir spectrum and showing no mixture melting point
depression with a known sample.7 Fractions 14-18 yielded 234
mg of a clear oil which crystallized on standing to give a material
melting at 69-81°. Identification of this material is described
in the following paragraph. Fractions 21-25 afforded 690 mg
(2.07 mmol) of unreacted 1,1,2,2-tetraphenylethane (1).

Recrystallization of fractions 14-18 from hexane afforded
204 mg (0.60 mmol) of colorless crystals identified as I-(2-bi-
phenylyl)-1,2-diphenylethane (6) on the basis of the following
data: mp 79-81°; ir Xi'( 3.18-3.43 (s), 6.24 (s), 6.68 (s), 6.76
(s), 6.89 (s), 9.33 (m), 9.70 (m), 9.92 (m), 13.30 (vs), and 14.35
nm (vs); nmr (CC1,) r 3.10 (19 H, m), 5.67 (1 H, t), 6.81 (2, H, d).

Anal. Calcd for CBH2 C, 93.38; H, 6.62. Found: C,
93.39; H, 6.77.

I-(2-Biphenylyl)-1,2-diphenylethane (6) was synthesized from
I-bromo-I,2-diphenylethane®and 2-bromobiphenyls in the pres-

(7) Aldrich Chemical Co., Milwaukee, Wis. 53233.

(8) E.s. wallis and F. H. Adams, J. Amer. Chem. SOC, 55, 3849 (1933).
(9) G. Schultz, Justus Liebigs Ann. Chem., 207, 353 (1881).
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ence of magnesium according to the procedure of Bachmann.10
This material was found to be identical with the photoproduct,
thus confirming the assignment of structure 6 to the major photo-
product from the photolysis of 1,1,2,2-tetraphenylethane (1).

Extended Vycor-Filtered Irradiation of 1,1,2,2-Tetraphenyl-
ethane (1).-—The irradiation and isolation procedures were the
same as those described above except that the irradiation time
was extended to 3 hr.

Fraction 7 afforded 45 mg (0.30 mmol) of crystalline biphenyl,
mp 67-69°. Fractions 8 and 9 gave 78 mg (0.42 mmol) of cis-
stilbene, identified by ir spectroscopy. Fractions 10 and 11 pro-
duced 33 mg (0.19 mmol) of iraras-stilbene, mp 119-120°. Frac-
tions 14-18 yielded 240 mg of a crystalline material, mp 70-80°,
recrystallized from hexane to give 198 mg (0.60 mmol) of I-(2-
biphenylyl)-1,2-diphenylethane (6), mp 79-80°. Fractions 19
and 20 afforded 352 mg of a clear oil whose identification is de-
scribed in the following paragraph. Fractions 21-23 gave 99 mg
(0.31 mmol) of unreacted 1,1,2,2-tetraphenylethane (1).

The unknown photoproduct from fractions 19 and 20 was iden-
tified as I-(3-biphenylyl)-1,2-diphenylethane (7) on the basis of
the following spectral data as well as its independent synthesis
from I-bromo-Il,2-diphenylethane and 3-bromobiphenyl1l in the
presence of magnesium:10 ir X"* 3.18-3.43 (s), 6.25 (s), 6.68
(s), 6.76 (m), 6.89 (s), 9.33 (m), 9.70 (m), 13.25 (vs), and 14.30
nm (vs); nmr (CC14) r 2.85 (19 H, m), 5.79 (1 H, t), and 6.66
(2 H, d).

Vycor-Filtered Irradiation of [1-(2-Biphenylyl)-1,2-diphenyl-
ethane (6).—The irradiation and isolation procedures were the
same as those described above except that the irradiation was
conducted for only 5 min and 50 mg (0.15 mmol) of 6 was irradi-
ated.

Fractions 19 and 20 afforded 45 mg of I-(3-biphenylyl)-1,2-
diphenylethane (7), identified by nmr spectroscopy.

Synthesis of 1,1-Diphenyl-2,2-ditolylethylene.—Magnesium
(3.00 g, 0.125 g-atom) and benzhydrol bromide7 (24.7 g, 0.125
mol) were added to 50 ml of anhydrous ether. After the initial
reaction had subsided, the mixture was refluxed for 1 hr, fol-
lowed by the dropwise addition of 21 g (0.100 mol) of 4,4'-di-
methylbenzophenone in 100 ml of anhydrous ether and a second
1-hr reflux period. The ether was removed in vacuo below 25°
and 25 ml of a 48% solution of hydrogen bromide in acetic acid
was carefully added, precipitating a white solid. This solid was

(10) W. E. Bachmann, J. Amer. Chem. Soc., SS, 3859 (1933).
(11) M. Gomberg and W. W. Bachman, J. Amer. Chem. Soc., 46, 2343
(1924).
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washed with water and recrystallized twice from chloroform-
hexane to give 9.7 g of I,I-diphenyl-2,2-ditolylethylene: mp
141-145°; nmr (CDC13) r 3.05 (10 H, s), 3.18 (8 H, s), and 7.80
(6 H, s).

Anal. Calcd for ChH~":
93.41; H, 6.71.

Synthesis of I,I-Diphenyl-2,2-ditolylethane.— 1,1-Diphenyl-
2,2-ditolylethylene (3 g) was reduced by the method of Bachman
to give 2.1 g of IlI-diphenyl-2,2-ditolylethane: mp 129-130°;
nnr (CDCh) r 2.6-3.1 (18 H, m), 5.15 (2 H, s), and 7.88 (6

C, 93.30; H, 6.70. Found C,

H, s).

Anal. Calcd for CBH2 C, 92.45; H, 7.55. Found: C,
92.40; H, 7.13.

Vycor-Filtered Irradiation of I, I-Diphenyl-2,2-ditolylethane

(8).—The irradiation and isolation procedures were the same as
those described in the Vycor-filtered irradiation of 1,1,2,2-tetra-
phenylethane (1) except that 1.00 g of 8 was irradiated and the
irradiation time was extended to 35 min.

Fractions 7-9 afforded 68 mg of a mixture of materials whose
separation is described below. Fractions 10 and 11 yielded 10 mg
(0.05 mmol) of fraras-4-methylstilbene, mp 178° (lit.7 mp 180°),
identical with an authentic sample. Fractions 14-19 afforded a
second mixture of compounds which, unfortunately, proved to
be inseparable. Various types of absorption and partition chro-
matography were unsuccessful at separating this mixture. Frac-
tions 22-27 gave 698 mg of unreacted starting material (8).

Preparative vpc analysis of fractions 7-9 on a 5 ft X 0.25 in.
column packed with 20% SE-30 on Chromosorb P at 140° sep-
arated them into two components. The first of these represented
55% (37 mg, 0.22 mmol) of the mixture and was found by com-
parison with an authentic sample7 to be 4-methylbiphenyl.
The second component was found to be cfs-4-methylstilbene
(31 mg, 0.16 mmol) also by comparison with a known sample.13
No other materials could be detected in this mixture.

Registry No.—1, 632-50-8; 6, 32298-37-6; 7,
32298-38-7; 8, 32298-39-8; I,I-dipheny]-2,2-ditolyl-
ethylene, 32298-40-1.

Acknowledgment.—It is a pleasure to thank the
National Science Foundation (GP 16664) for support of
this research.

(12) A. Ramart, Ann. Chim. (.Paris), [10] 8, 315 (1938).
(13) m-4-Methylstilbene was obtained by the Pyrex-filtered photo-
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Irradiation of nopinone in methanol gives an 80:20 mixture of cis-I-formyl-2,2-dimethyl-3-vinylcyclobutane (3)

and 3-(2',2'-dimethyl-A3-cyclobutenyl)-l-propanal (7).

propenyl-5-hexenal (4).

Cycloalkanones are well knownlto undergo photo-
chemical a cleavage to give ketenes and/or unsaturated
aldehydes. The direction of cleavage is preferentially
toward the more highly substituted a-carbon atom.
a-Ketocyclobutanes in bicyclic systems are consider-
ably abnormal in this regard. Some, such as carvone
camphor and bicyclo[2.1.1]hexan-2-one (eq 1 and 2),23

photochemically undergo a cleavage of the more sub-
stituted bond, but others, such as verbanone (1) (eq 3)4
and 5,5,7,7,8,8-hexamethylbicyclo[4.2.0]octan-2-one (eq
4),5 are reported to cleave the least substituted bond

0

a to the carbonyl. This abnormal a cleavage has been
rationalized4 for 1 by the fixed conformation causing
excellent orbital overlap between the hydrogen at C-4
and the carbonyl group and resulting in hydrogen mi-
gration concurrent with a cleavage.

W e wish to report the photochemistry of an analogous
compound, nopinone (6,6-dimethylbicyclo[3.1.1]hep-
tan-2-one) (2), including evidence that photocleavage
of 2 occurs at both bonds a to the carbonyl to give a
mixture of aldehydes.

Irradiation of 2 in methanol solution until 90-95%
disappearance of starting material on glc gave one major
product (75-80%) and a few very minor products.
The major product was collected by preparative glc.

(1) O. L. Chapman, Advan. Photochem., 1, 366 (1963).

(2) J. Meinwald, R. A. Schneider, and A. F. Thomas, J. Amer. Chem. Soc.,
89, 70(1967).

(3) J. Meinwald and R. A. Chapman, ibid., 90, 3218 (1968).

(4) T. Matsui, Tetrahedron Lett., 3761 (1967).

(5) P. J. Nelson, D. Ostrem, J. D. Lassila, and O. L. Chapman, J. Org.
Chem., 34, 811 (1969).

Irradiation in lerl-butyl alcohol gives 3, 7, and 4-iso-

Its spectral data (see Experimental Section) was con-
sistent with cis-1-formv1-2,2-dimethyl-3-vinylcyclo-
butane (3), an analogous product to that found from
verbanone. Irradiation of 2 in ¢erf-butyl alcohol in-
creased one of the minor products with a concurrent
decrease in the amount of 3. This product was also
isolated by preparative glc and identified on the basis
of spectral data (see Experimental Section) as 4-iso-
propenyl-5-hexenal (4), which is the normal Norrish
Il product of the primary photoproduct 3 (eq 5). This

2 H 4
3

was confirmed by isolation of 3 from a methanol ir-
radiation of 2 and reirradiation in ferf-butyl alcohol.
Initially, 17% (glc) of 4 formed and then this percentage
remained constant as the amount of polymeric material
increased. Apparently, in methanol the initial alde-
hyde 3 forms a hemiacetal, thus preventing further
light absorption. This increase in yield of an aldehydic
photoproduct by the use of methanol as solvent has
been observed before.3

Isolation of photoproduct 3 by careful spinning-band
distillation gave material with an nmr spectrum not
identical with that previously obtained by preparative
glc. There were minor differences in the vinylic region,
but the major change was the appearance of two methyl
singlets at r 8.83 and 8.91 in addition to the methyl
singlets of 3 at ¢ 8.70 and 9.03. By nmr integration,
the unknown:3 ratio was 1:4.

At first we entertained the possibility that this
product was trans-3 since the relative nmr positions of the
methyl singlets were consistent with those observed6
for Cis- and ;rans-gem-dimethylcyclobutane derivatives.
Since the initial configuration of 3 must be cis due to
the geometry of nopinone, the existence of trans-3
would have to involve a rather unusual epimerization
of a cyclobutyl ketone. This was not the case, as
shown by independent synthesis of Cis- and trans-i-
acetyl-2,2-dimethyl-3-vinylcyclobutane (5) from Ccis-
pinonic acid (Scheme 1) and comparison of this material
to a sample of 5 prepared from 3. The synthesis was
straightforward except for introduction of the terminal
vinylic group. After several unsuccessful approaches,7
the double bond was introduced with ease by pyrolysis
of the IV-oxide.8

(6) L. R. Subramanian and G. S. K. Rao, Tetrahedron, 25, 1749 (1969).

(7) Attempts to form the double bond by elimination of the terminal
bromide, tosylate, or trimethylammonium iodide were unsuccessful, as also

were attempts to pyrolyze the ketoacetate or hydroxyacetate.
(8) A. C. Cope, D. C. McLean, and N. A. Nelson, J. Amer. Chem. Soc.,

77, 1628 (1955).
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Scheme |
—OoH
J ‘— OH, benzene
1pTSA
H' 2. LIAIH
3 H,0+
H COH
71% cis

29% trans

Epimerization of the acetyl group occurred during
the conversion of m-pinonic acid to keto alcohol 6.
The stereochemical assignment for the epimers of 5
is based on the nmr methyl region (singlets at r 8.72
and 9.20, 71%; singlets at r 8.85 and 9.00, 29%) and
the fact that the cis epimer is the thermodynamically
favored epimer of a 1,3-disubstituted cyclobutane.9

Reaction of 3, containing 20% of the unknown, with

methyllithium followed by Jonesl0 oxidation (eq 6)

occurred without any epimerization and gave a ketonic
mixture whose major component (79% by nmr) was
identical with the sample of synthetic Cis-5, thus proving
the structure of photoproduct 3. The minor ketone
(21% by nmr) had methyl singlets in the nmr spectrum
at t 8.83 and 8.91, which were not identical with those
of trans-5.

The unknown photoproduct was then assigned the
structure of 3-(2',2'-dimethyl-A3-cyclobutenyl)-l-pro-
panol (7) based on the results of a lithium aluminum
hydride reduction of the nopinone photomixture. Glc
analysis of this mixture on Carbowax 20M showed three
alcohols in order of elution: A, 67%; B, 15%; C,
18%. After glc collection, A and B were identified as
the alcohols corresponding to 3and nopinol, respectively.

Compound C was identified as 7-methyl-4,6-octadi-
en-l1-ol (9) on the basis of the following spectral data:
ir(neat) 3300-3400, 1052, 981, and 953 cm*“ 1, X“&H
237 nm (e 20,600); nmr (r, ppm), 3.45-4.73 (three
vinylic hydrogens), 8.26 (broad vinylic methyl singlet).
This was the first indication by glc analysis that alde-
hyde 3was impure and contained 7. Apparently, alde-

(9) N. L. Allinger and L. A. Tushaus, J. Org. Chem., 30, 1945 (1965).

(10) A. Bowers, T. G. Halsall, E. R. H. Jones, and A. J. Lemin, J. Chem.
Soc., 2548 (1953).
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hyde 7 and the methyl ketone corresponding to 7 do
not survive the hot glc injector (250°), and alcohol 8
thermally rearranges to dienol 9 under the same condi-
tions (eq 7).

o} OH 9
7 8

Hydrogenation of the mixture of alcohols over palla-
dium on charcoal again gave three peaks on glc and the
3-(2",2'-dimethylcyclobutyl)-I-propanol (10) (24% of
the mixture) was isolated by preparative glc (eq 8).

(8)

8 10

The structural assignment was proven by comparison
of the reduced photoproduct to a sample of 10 which
had been synthesized by an independent route (Scheme

).

Scheme |1

—OH
1— OH, benzene
1pTSA
2 NeOH a
3 AGNO)

d x A

CO,CH,

|Br,
lea,

I£JL

1 NeCBr
1o LiaH,

1Li/NH,EtOH
2 HO+

We have no direct proof of the double bond position
in 7; however, the isolation of dienol 9 and the reason-
able mechanism (Scheme Ill) for formation of 7 during
the irradiation of 2 indicates that the double bond is
positioned as shown in 7.

The photoisomerizations of nopinone (2) can then be
summarized as in Scheme IlIl1.1L The major product
arises from a cleavage on the least substituted side;
however, the “normal” cleavage does occur to the ex-
tent of 20%. Probably, analogous cyclobutene alde-
hydes will be observed as minor products from irradia-
tion of other bicyclic a-ketocyclobutanes.

Photocleavage of bicyclo [3.1.1]-2-heptanones appears
to be a facile reaction even though the bond with the
lesser degree of substitution is broken. This was con-

(11) This mechanism denotes a diradicai intermediate for both pathways,
whereas in fact the hydrogen atom migration may be concerted with ring
cleavage to give aldehyde 3 directly.
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firmed by measuring the quantum yields for ketone dis-
appearance of bicyclo[3.1.1]-2-heptanones as
pared to the yields measured by Wagner12 for sub-
stituted cyclohexanones (Table I).

com-

Table |

Quantum Yields for Disappearance of

K etones in Benzene

Ketone . &K
Nopinone 0.32¢
Verbanone 0.40"
Cyclohexanone 0.206
2- Methylcyclohexanone 0.46,“ 0.506
3- Methylcyclohexanone 0.0836

“ 6-10% disappearance of ketone using 3000-A Rayonet lamps.
bReference 12 using 3130 A.

The quantum yields for nopinone and verbanone are
intermediate to those of cyclohexanone (no a substitu-
tion) and 2-methylcyclohexanone (a substitution).
Itis interesting that a/3-methylgroup in the bicyclo [3.1.-
1]-2-heptanone system does not decrease <>x as is
the case for the cyclohexanone system (compare ver-
banone to 3-methylcyclohexanone).

The explanation4 of Matsui that the rigid geometry
of the bicyclo[3.1.1]-2-heptanone molecule allows ex-
cellent overlap of the carbonyl group and the sp3or-
bital of the /3 hydrogen (see structure a), such that hy-

drogen atom migration can occur before or at the same
time as the ring cleavage, reasonably accounts for this
efficient cleavage of the least substituted a bond. In
addition, the release of molecular strain by a cleavage

(12) P. J. Wagner and R. W. Spoerke, J. Amer. Chem. Soc., 91, 4437

(1969).
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in the direction of the coplanar aligned hydrogen may
play a role in increasing the quantum yield.

Experimental Section

Preparative irradiations were carried out with a 450-W medium
pressure Hanovia mercury lamp in a quartz immersion probe.
The filter was a glass cylinder of Corex (>255 nm) insertable
between the lamp and the probe. Solutions were outgassed
with argon before and during the irradiations.

Infrared spectra were taken as neat samples on a Perkin-Elmer
457 and absorptions are reported as inverse centimeters; uv
spectra were taken on a Beckman Acta Il1l; nmr spectra were
taken on a Varian A-60A as chloroform-~ solutions and are re-
ported as « units relative to TMS (r 10.0); and molecular weights
were determined from mass spectra obtained with a Perkin-
Elmer 270. Gas-liquid chromatography (glc) was done on a
10% Carbowax 20M (12 ft X Vs in.) column unless otherwise
stated.

Nopinone (6,6-Dimethylbicyclo[3.1.1]heptan-2-one) (2).—No-
pinone (2), prepared by ozonolysisi3of /3-pinene (Aldrich Chemi-
cal Co.), had the following spectral characteristics: mol wt
138; ir 1715 (s), 1461 (m), 1202 (m), 1030 (m); \“CH277 nm
(€29); nmr 7.26-8.55 (8 H, multiplet), 8.65 (3 H, singlet, methyl
H), 9.14 (3 H, singlet, methyl H).

Irradiation of Nopinone (2).—A solution of 3.00 g of nopinone
(2) in 150 ml of methanol (0.145 M) was irradiated with Corex-
filtered light until starting material was 90-95% gone (2.5-3.0
hr). Solvent was removed under reduced pressure, three runs
were combined, and the residual oil was distilled at 15 mm pres-
sure. The distillate (5.61 g) consisted, by glc, of one major com-
ponent (75-80%) with 20-25% of three other components in-
cluding unreacted 2. The major component was isolated pure
by glc collection and was identified as <us-I-formyl-2,2-dimethyl-
3-vinylcyclobutane (3): mol wt 138; ir 2870 (m), 2715 (m),
1718 (s), 1638 (m), 1000 (m), 918 (s); nmr (100 MHz) 0.18
(1 H, d, J = 2 Hz, aldehydic H), 4.07—4.49 (1 H, multiplet,
vinylic H), 4.92 (1 H, sharp absorption with fine splitting, ter-
minal methylene H), 5.00-5.12 (1 H, multiplet, terminal methyl-
ene H), 7.1-8.4 (4 H, multiplet, cyclobutyl H), 8.73 and 9.06
(6 H, two s, methyl H); nmr (60 MHz) methyl singlets at 8.70
and 9.03.

When the major component was isolated by careful spinning-
band distillation [bp 53-56° (-10 mm)], the nmr spectrum (60
MH2z) had two additional methyl singlets (confirmed as singlets
by 100-MHz spectrum) at 8.83 and 8.91. By integration, the
ratio of the 8.70 and 9.03 singlets to the 8.83 and 8.91 singlets was
4:1. The 20% component was identified as 3-(2',2'-dimethyl-
A3-cyclobutenyl)-lI-propanal (7) by reduction and comparison
to a synthetic sample of 3-(2',2'-dimethylcyclobutyl)-l-propanol
(see below).

When the irradiation was done in ierf-butyl alcohol, the major
glc peak, isolated by distillation, was the same 4: | mixture of
components as was formed during the methanol irradiation.
However, extending the irradiation in ieri-butyl alcohol resulted
in an increase of a third product (retention time relative to 3
equalled 1.2) as well as a large increase in the amount of poly-
meric material. This compound was isolated by preparative
glc and identified as 4-isopropenyl-5-hexenal (4): mol wt 138;
ir 2715 (w), 1720 (s), 895 (m); nmr 0.29 (1 H, broadened singlet,
aldehydic H), 3.93—1.64 (1 H, multiplet, vinylic H), 4.83-5.32
(4 H, multiplet, terminal methylene H), 7.15-7.83 (3 Il, multi-
plet, allylic H and H a to carbonyl), 8.00-8.53 (5 H, multiplet
with vinylic methyl H at 8.34 (doublet, J = 1HZz)).

When a 4:1 mixture of 3 and 7, isolated by distillation of a
nopinone-methanol irradiation, was reirradiated in ieri-butyl
alcohol, 17% of 4 formed initially and then remained at this per-
centage as the amount of polymeric material increased. After
irradiation (1.50 g of 3 and 7, 150 ml of ferf-butyl alcohol, 0.048
M, Corex filter, 3.5 hr), an nmr spectrum of the distillable por-
tion (27%) of the oil showed the vinylic methyl group of 4 at «
8.32.

conversion of c?s-I-Formyl-2,2-dimethyl-3-vinylcyclobutane
(3) to cis-1-Acetyl-2,2-dimethyl-3-vinylcyclobutane (5).—A solu-
tion of 0.51 g (3.7 mmol) of 3 (containing ca. 20% of 7), isolated
by spinning-band distillation of a nopinone irradiation mixture,
in 50 ml of dry ether, was stirred under nitrogen at room tem-

(13) J. Meinwald and P. G. Gassraan, ibid., 82, 5448 (1960).
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perature and 5.0 ml of methyllithium-ether solution (ca. 2.3 M,
11 mmol) was added dropwise. The solution was heated under
reflux for 3 hr and allowed to cool and stand overnight. An ex-
cess of saturated ammonium chloride solution was added drop-
wise, the layers were separated, and the aqueous layer was ex-
tracted with ether (three 50-ml portions). The combined ethe-
real extract was dried over magnesium sulfate, filtered, and con-
centrated.

The crude oil (0.57 g), which was not purified further, was
identified as mainly I-(I'-hydroxyethyl)-2,2-dimethyl-3-vinyl-
cyclobutane on the basis of the following data: mol wt 154;
ir 3350 (broad), no carbonyl stretching band; nmr 3.80-4.47
(1 H, multiplet, vinyl H), 4.82-5.26 (2 H, multiplet, terminal
methyl H), 5.98-6.55 (1 H, multiplet, H geminal to OH), 7.34-
8.80 (5 H, multiplet, methine, methylene, and hydroxyl H),
8.84-9.13 (9 H, multiplet, methyl H). Glc showed two major
peaks (53—47%) assigned as diastereomers. These two peaks,
each separately glc collected, gave essentially identical mass and
nmr spectra.

The major impurity by glc, whose percentage varied from 0 to
20% with various runs, was glc collected and identified (mass
spectrum, nmr) as the reduction product of 3, cfs-I-hydroxy-
methyl-2,2-dimethyl-3-vinylcyclobutane, by comparison with a
sample obtained by lithium aluminum hydride reduction of 3.

A solution of the above alcohol mixture (0.49 g, 3.2 mmol) in
15 ml of reagent acetone was oxidized at 0° with excess Jones
reagent.l0 After work-up, the major component of the residual
oil (0.38 g, 86% pure by glc) was identified as cis-l-acetyl-2,2-
dimethyl-3-vinylcyclobutane (5) and was identical (ir, nmr, and
mass spectra, glc retention time) to a synthetic sample of cis-
5 (see below).

The nmr spectrum of the oxidation product had two additional
methyl singlets at r 8.83 and 8.91 (21% by nmr integration).
These singlets were at different positions than those of synthetic
trans-5 (see below) and were tentatively assigned as the methyl
singlets of 4-(2',2'-dimethyl-A3-cyclobutenyl)-2-butanone from
reaction of 7 with methyllithium followed by oxidation.

Conversion of 3-(2',2'-Dimethyl-A3-cyclobutenyl)-lI-propanal
(7) to 3-(2',2'-Dimethylcyclobutyl)-I-propanol (10).—A mixture
of 5.60 g of 3 and 7 (80% 3 and 20% 7 by nmr) containing some
nopinone was reduced with excess lithium aluminum hydride.
Glc of the residual oil showed three peaks in order of elution:
A, 67%; B, 15%; C, 18%. The components were isolated by
preparative glc on Carbowax 20M.

Alcohol A was identified as cfs-I-hydroxymethyl-2,2-dimethyl-
3-vinylcyclobutane on the basis of the following data: ir 3300-
3400 (s), 1630 (m), 1004 (s), 992 (s), 905 (s); nmr 3.89-4.49
(1 H, multiplet, vinyl H), 4.88-5.28 (2 H, multiplet, terminal
methylene H), 6.34-6.54 (2 H, three-peak multiplet, H a to
OH), 7.07 (1 H, singlet, hydroxyl H), 7.30-8.65 (4 H, multiplet,
methine and methylene H), 8.89 and 9.10 (6 H, two singlets,
methyl H).

Alcohol B was identified, as nopinol by comparison (nmr spec-
trum and glc retention time) to nopinol prepared by lithium alu-
minum hydride reduction of nopinone.

Alcohol C was identified as 7-methyl-4,6-octadien-I-ol on the
basis of the following data: ir 3300-3400 (s), 1438 (s), 1052 (s),
981 (m), 953 (s); x“€e€™ 237 nm (e 20,600); nmr 3.45-4.73 (3 H,
multiplet, vinyl H), 6.39 (2 H, triplet, J = 6.5 Hz, H a to OH),
7.2 (111, broad absorption, hydroxyl H), 7.60-8.04 (2 H, multi-
plet, allylic H), 8.1-8.9 (8 H, multiplet with broad vinylic methyl
singlet at 8.26). This product was not present in the mixture
prior to glc collection as shown by the absence of the strong vinylic
methyl absorption at r 8.26 in the nmr spectrum of the crude re-
action mixture after reduction.

A mixture of the above alcohols (2.91 g), 50 ml of absolute
ethanol, and 0.2 g of 5% palladium on carbon was hydrogenated
on a Parr shaker (30-50 psi) until hydrogen uptake ceased. After
filtration and concentration, glc analysis of the residual oil (2.80
g) showed three peaks in order of elution: A, 71%; B, 24%;
nopinol, 5%. Components A and B were isolated by preparative
glc on Carbowax 20M.

Alcohol A was identified as I-hydroxymethyl-2,2-dimethyl-3-
ethylcyclobutane on the basis of the following data: mass spec-
trum, last peak at 124 (M — 18); ir 3300-3400 (s); nmr 6.36-
6.57 (2 I, three-peak multiplet, Ha to OH), 7.39 (1 H, singlet,
hydroxyl H), 8.90 and 9.08 (two singlets, methyl H), 9.08 (trip-
let, J = 7 Hz, methyl H).

Alcohol B was identified as 3-(2',2'-dimethyleyclobutyl)-I-
propanol (10) by comparison (ir, nmr, and mass spectra, glc
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retention time) with an independently synthesized sample (see
below).

Synthesis of I-Acetyl-2,2-dimethyl-3-vinylcyclobutane (5).—
A solution of 92.0 g (0.434 mol) of cfs-pinonic acid (Aldrich),
124 g (2.0 mol) of ethylene glycol, 700 ml of benzene, and 0.4
g of p-toluenesulfonic acid was heated under reflux with a con-
tinuous water separator until the theoretical amount of water
(0.9 mol) was collected. The solution was concentrated tinder
reduced pressure, diluted with 200 ml of anhydrous ether, washed
with half-saturated sodium carbonate solution, dried, filtered,
and concentrated. The crude oil (137 g) was not purified further;
the ir spectrum had a single carbonyl band at 1742 cm-1 (s) with
no absorption for remaining ketone.

A solution of 137 g (0.5 mol, 1.0 equiv) of the ester ketal in
ether was reduced with lithium aluminum hydride (17.8 g, 1.9
equiv) to give, after work-up with excess 10% sulfuric acid, a
residual oil (61.4 g) which was identified as I-acetyl-2,2-dimethyl-
3-(2'-hydroxyethyl)cyclobutane: ir 3390 (s), 1700 (s), 1368
(rti), 1181 (m), 1050 (s); nmr 6.43 (2 H, triplet, 3 = 6.5 Hz,
H geminal to hydroxyl group), 6.90-7.53 (2 H, multiplet, H a
to carbonyl and hydroxyl H), 7.83-8.60 [8 H, multiplet with
acetyl methyl singlets at 7.93 (trans) and 7.97 (cis)], 8.70 (cis),
8.78 (trans), 9.00 (trans), and 9.13 (cis) (6 H, four singlets,
methyl H). By integration of the nmr methyl singlets, the
isomer ratio was 67% cis and 33% trans.

To a solution of 56.0 g (0.329 mol) of l-acetyl-2,2-dimethyl-
3-(2'-hydroxyethyl)cyclobutane in 3 1 of benzene was added,
dropwise with stirring, 30.0 g (0.111 mol) of phosphorus tri-
bromide. After addition, the solution was heated under reflux
for 2 hr, allowed to cool, and quenched into 4 1 of ice and water.
The layers were separated, the aqueous phase was extracted
with benzene, and the combined organic phase was washed with
half-saturated salt solution, dried, filtered, and concentrated.
Distillation of the crude oil (67.4 g) gave pure l-acetyl-2,2-
dimethyl-3-(2'-bromoethyl)cyclobutane: 30.5 g (40% yield);
bp 87-88° (0.5-1.0 mm); ir (CC14) 1706 (s), 1362 (m), 1351
(m), 1178 (m), 1042 (w); nmr 6.68 (2 H, triplet, J = 6.5 Hz,
H geminal to bromine), 7.14 (1 H, misshapen triplet, J = 8-9
Hz, H a to carbonyl), 7.60-8.50 (8 H, multiplet with acetyl
methyl singlet at 7.96), 8.68 (cis), 8.77 (trans), 8.98 (trans),
and 9.11 (cis) (6 H, four singlets, methyl H). By integration
of the nmr methyl singlets, the isomer ratio was 71% cis and
29% trans.

A solution of 30.5 g (0.131 mol) of 1-acetyl-2,2-dimethyl-3-
(2'-bromoethyl)cyclobutane in 100 ml of methanol was added
dropwise to a stirred solution of 300 ml of 40% dimethylamine in
water. After addition, the solution was heated under reflux
for 1 hr, allowed to cool, and diluted with 100 ml of ether and 100
ml of saturated salt solution. The layers were separated and the
aqueous phase was extracted with ether. The combined organic
phase was extracted with 10% sulfuric acid and the acidic ex-
tract was then basified with 20% sodium hydroxide solution.
The basic layer was extracted with ether which was then dried,
filtered, and concentrated to give l-acetyl-2,2-dimethyl-3-(2'-
A.A-dimethylaminoethyllcyclobutane: 24.2 g (94% vyield);
ir (CCh) 2849 (m), 2801 (m), 1721 (s), 1466 (m), 1370 (m),
1357 (m), 1182 (m), 1043 (m); nmr 6.16-7.50 (3 H, multiplet,
H geminal to nitrogen and a to carbonyl), 7.64-8.62 [14 H,
multiplet with Af.A-dimethyl singlet at 7.80 and acetyl methyl
singlets at 7.95 (trans) and 7.97 (cis)], 8.72 (cis), 8.78 (trans),
9.01 (trans), and 9.13 (cis) (6 H, four singlets, methyl H).
By integration of the nmr methyl singlets, the isomer ratio
was 72% cis and 28% trans.

To a cold solution of 12.0 g (0.061 mol) of l-acetyl-2,2-di-
methyl-3-(2'-)V,A-dimethylaminoethyl)cyclobutane in 100 ml
of methanol was added, dropwise with stirring, 21.2 g (0.187 mol)
of 30% hydrogen peroxide solution. After addition, the solu-
tion was stirred at room temperature for 25 hr, and then a small
amount of platinum black was added and the mixture was stirred
at room temperature for 2 days. The mixture was filtered and
concentrated, and the residual material (8.20 g) was heated in an
oil bath (from 120 to 200°) under vacuum, and the distillate, bp
51-64° (0.5 mm), collected from a short path condenser into a re-
ceiver cooled in a Dry Ice-acetone mixture. The distillate (two
layers, 6.35 g) was diluted with ether and water, and the layers
were separated. The organic layer was washed with cold dilute
hydrochloric acid, washed with sodium carbonate solution,
and then was dried, filtered, and concentrated to give pure
l-acetyl-2,2-dimethyl-3-vinylcyclobutane (5): 249 g (27%
overall yield); mol wt 152; ir 1700 (s), 1634 (m), 1460 (s),
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1361 (s), 1180 (s), 996 (s), 912 (s); nmr 3.97-4.59 (1 H, multiplet,
vinylic Ti), 4.94 (1 H, broad singlet, terminal methylene H),
5.07-5.27 (1 H, multiplet, terminal methylene H), 6.93-8.44
[7 11, multiplet with acetyl methyl singlets at 7.97 (trans) and
8.00 (cis)], 8.72 (cis), 8.85 (trans), 9.00 (trans), and 9.20 (cis)
(6 H, four singlets, methyl H). By integration of the nmr methyl
singlets, the isomer ratio was 71% cis and 29% trans.

Anal. Calcd for CIHiB: C, 78.90; H, 10.59.
C, 78.62; H, 10.32.

Synthesis of 4-(2',2"-Dimethylcyclobutyl)-2-butanone.— A solu-
tion of 31.0 g (0.15 mol) of 4-(2',2'-dimethyl-4'-carbomethoxy-
cyclobutyl)-2-butanone, obtained by esterification of the cor-
responding acid derived from ozonolysis of earyophyllene,14 18.0
g (0.29 mol) of ethylene glycol, 0.1 g of p-toluenesulfonic acid,
and 150 ml of benzene was heated under reflux while using a con-
tinuous water separator. After the theoretical amount of water
was collected, the solution was cooled and neutralized with 10%
sodium hydroxide, and the product was isolated. The resulting
ethylene ketal of 4-(2',2'-dimethyl-4'-carbomethoxycyclobutyl)-
2-but.anone was not purified further: 33.8 g; nmr 6.09 (4 H,
singlet, ketal H), 6.34 (3 H, singlet, methyl ester H), 8.71, 8.92,
and 8.96 (9 Il, three singlets, methyl H).

A mixture of 33.8 g (0.13 mol) of the above ketal, 5.2 g (0.13
equiv) of sodium hydroxide, and 50 ml of water was heated
under reflux for 5 hr. Periodically, the pH was adjusted to 9-10
by the addition of small amounts of 10% sodium hydroxide
solution. The mixture was allowed to cool and extracted with
ether. The aqueous phase was returned to the flask and a solu-
tion of 24.0 g (0.14 equiv) of silver nitrate in 100 ml of water was
added at room temperature. After addition, the mixture was
stirred 1 hr and filtered, and the silver salt was washed with water
and methanol and dried in the dark under vacuum to give 36.2
g of a pale gray powder.

The silver salt (36.0 g, 0.12 mol) was added portionwise over
0.5 hr to a stirred solution of 18.0 g (0.11 mol) of bromine in 100
ml of carbon tetrachloride at —15 to —20°. After addition, the
mixture was stirred 0.5 hr at —15°, allowed to warm to room
temperature, and filtered. The filtrate was washed with water,
10% sodium hydroxide solution, again with water, dried, and
concentrated. An ir spectrum of the resultant oil (18.9 @)
showed a strong carbonyl band; therefore, the above ketaliza-
tion was repeated to give 19.0 g of the ethylene ketal of cis-
and irans-4-(2',2'-dimethyl-4'-bromocyclobutyl)-2-butanone:
nmr 5.2-5.7 (1 H, multiplet, H a to Br), 6.05 (4 H, singlet, ketal
H), 8.65, 8.68, 8.79, 8.82, 8.91, and 9.01 (9 H, six singlets, methyl
H).

To a solution of the above bromide (19.0 g, 0.069 mol)
and 5 ml of 1,2-dimethoxyethane in 500 ml of freshly distilled
liquid ammonia, was added 1.0 g (0.14 equiv) of lithium in por-
tions. After addition, the blue solution was stirred for 1 hr, and
then 10 ml of absolute ethanol was added dropwise followed by
the cautious addition of 8.0 g (0.15 equiv) of solid ammonium
chloride. The ammonia was allowed to evaporate, the salts were
dissolved in water, and the ethylene ketal of 4-(2',2'-dimethyl-
cyclobutyl)-2-butanone was isolated by extraction with ether:
9.63 g¢g; nmr 6.07 (4 H, singlet, ketal H), 8.70, 8.95, and 9.00
(9 H, three singlets, methyl H).

A solution of the above ketal (9.60 g), 200 ml of acetone, 20 ml
of water, and 3 ml of concentrated hydrochloric acid was heated
under reflux for 2-3 hr and allowed to cool. The solution was
neutralized with 10% sodium hydroxide, partially concentrated
under reduced pressure, and diluted with water, and the organic
material was isolated by extraction with ether. The residual
oil (5.80 g) was chromatographed on 325 g of silica gel slurry-
packed with hexane into a 2.5-cm i.d. column. The hexane and
benzene eluted material (0.18 g) was discarded. Benzene-ether
mixtures and ether eluted 85% pure 4-(2',2'-dimethylcyclobutyl)-
2-butanone: 3.73 g (16% overall yield); mol wt 154; ir 1709;
nmr 7.89 (3 H, singlet, methyl a to carbonyl), 8.95 and 9.00
(6 H, two singlets, methyl H).

Found:

Anal. Calcd for C,oH®: C, 77.87; H, 11.76. Found:
C, 77.77; H, 11.76.
Synthesis of 3-(2',2'-Dimethylcyclobutyl)-I-propanol (10).—

To a solution of 0.39 g (2.5 mmol) of d-dP~'-dimethylcyclo-
butyl)-2-butanone, 10 ml of water, and 36 ml dioxane, cooled to
0°, was added dropwise, a solution of sodium hypobromite, pre-
pared from 1.36 g (34 mequiv) of sodium hydroxide, 12 ml of water,
1.41 g (9 mmol) of bromine, and 8 ml of dioxane. After 3 hr at

(14) L. Ruzicka and A. H. Wind, Helv. Chim. Acta, 14, 423 (1931).
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0°, a solution of 0.56 g of sodium sulfite in 5.6 ml of water was
added and the reaction mixture was poured into 15 ml of 10%
sodium hydroxide solution and extracted with ether. The aque-
ous phase was acidified with concentrated hydrochloric acid to
pH 1and extracted with ether. The ethereal extract was washed
with water, dried, and concentrated to give 3-(2',2'-eyclobutyl)-
propionic acid: 0.16 g; ir, 2500-3500 (broad), 1700 (s); nmr
0.75 (1 H, broad singlet, acidic H), 8.95 and 8.99 (6 H, two sin-
glets, methyl H).

A solution of the above acid (0.16 g, 1 mmol) in 5 ml of an-
hydrous ether was added dropwise to a stirred mixture of 0.2 g
(20 mequiv) of lithium aluminum hydride. After addition, the
mixture was heated under reflux for 5 hr, allowed to cool, and then
saturated ammonium chloride solution was added dropwise until
the salts settled. The mixture was filtered, and the filtrate was
diluted with ether, washed with 10% sodium hydroxide solution,
washed with water, dried, and concentrated to give 0.09 g (26%
overall yield) of 3-(2',2'-dimethylcyclobutyl)-lI-propanol (10):
mass spectrum last peak at 124 (M — 18); ir 3200-3400 (s),
1460 (s), 1380 (m), 1365 (s), 1056 (s); nmr 6.3-6.6 (2 H, mis-
shapen triplet, 3 = 5-6 Hz, Il a to OH), 7.25 (1 H, broad singlet,
hydroxyl I1), 8.98 and 9.02 (6 H, two singlets, methyl H).

Anal. Calcd for C,H®: C, 76.00; H, 12.76. Found:
C, 76.07; H, 12.57.

Quantum Yields for Disappearance of Nopinone and Ver-
banone.—Quantum yields were determined according to the
procedure of Wagner.12 Solutions 0.20 M of each ketone in
benzene containing octadecane as an internal standard were
placed in 1.1-cm Pyrex tubes, degassed, sealed, and irradiated
in parallel at 33° on a merry-go-round using 8-RUL 3000-A
Rayonet lamps. At this concentration, the ketones absorbed
>99% of the 300-nm radiation. The amount of ketone that
disappeared was measured by glc analysis (4% UCW 98, 12 ft X
Vs in.) by comparing the ketone:standard area ratios before and
after irradiation.

Two tubes containing 1.0 M acetone and 0.20 M cis-1,3-
pentadiene in cyclohexane were irradiated in parallel with the
above samples. The average yield of trans-1,3-pentadiene (9-
10%) was measured on an 18 ft X Vs in. column packed with
10% GE-SE-54 using electronic peak integration. The quantum
yield for the cis to trans isomerization, after being corrected for
back reaction, is 0.555.16 The quantum yields for disappearance
(6-10%) of ketone were: 2-methylcyclohexanone, 0.46 (re-
ported120.50); nopinone, 0.32 + 0.02; verbanone,$0.40 + 0.02.

Registry No.-2, 24903-95-5; 3, 32319-47-4; 4,
32319-48-5; Cis-5, 32319-49-6; tram-5, 32319-50-9;
7, 32319-66-7; 9, 32319-51-0; 10, 32319-52-1; 1-(1'-
hydroxyethyl)-2,2-dimethyl-3-vinylcyclobutane, 32319-
53-2; czs-l-hydroxymethyl-2,2-dimethyl-3-vinylcyclo-
butane, 32319-54-3; m-l-acetyl-2,2-dimethyl-3-(2'-
hydroxyethyl)cyclobutane, 32319-55-4; frans-l-acetyl-
2,2-dimethyl-3-(2'-hydroxyethyl)cyclobutane, 32319-56-
5; 1-hydroxymethyl-2,2-dimethyl-3-ethylcyclobutane,
32380-98-6; czs-1l-acety1l-2,2-dimethyl-3-(2'-bromo-
ethyl)cyclobutane, 32319-57-6; (raws-l-acety1-2,2-di-
methyl-3-(2,-bromoethyl)cyclobutane, 32319-58-7; cCis-
l-acetyl-2,2-dimethyl-3-(2'-N,N -dimethylaminoethyl)-
cyclobutane, 32319-59-8; frans-l-acetyl-2,2-dimethyl-
3-(2,-Af,,V-dimethylaminoethyl)cyclobutane, 32319-60-
1; ethylene ketal, 4-(2',2'-dimethyl-4'-carbomcthoxy-
cyclobutyl)-2-butanone, 32319-61-2; ethylene ketal,
czs-4-(2',2'-dimethyl-4'-bromocyclobutyl) -2-butanone,
32319-62-3; ethylene ketal, frans-4-(2',2'-dimethyl-
4'-bromocyclobutyl)-2-butanone, 32319-63-4; ethylene
ketal, 4-(2',2'-dimethylcyclobutyl)-2-butanone, 32319-
64- 5; 4-(2',2'-dimethylcyclobutyl)-2-butanone, 32319-

65- 6.
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Polypeptides with repeating sequence of glutathione, asparthione, and their a analogs have been synthesized.
The protected polypeptides, poly(a-benzyl-L-glutamyl-S-benzyl-L-eysteinylglycine) (X1V), poly(a-benzyl-
i~aspartyl-iS-benzyl-L-cysteinylgiycine) (XV), polyG-benzyl-L-glutamyl-S-benzyl-L-cysteinylglycine) (XV1), and
poly(/3-benzyl-L-aspartyl-S-benzyl-L-eysteinylglycine) (XVI1), were prepared by self condensation of the cor-

responding tripeptide pentachlorophenyl esters 1V, V, IX, or X and XI1 or XIII, respectively.

The optically

pure tripeptide active esters were obtained through the “backing off” method from the C-terminal glycine penta-

chlorophenyl ester.

The C- and S-benzyl protecting groups from the polymers X1V, XV, XVI, and XVII have

been removed with sodium-liquid ammonia to afford polyglutathione (XVI1I1), polyasparthione (X1X), poly-
isoglutathione (XX), and polyisoasparthione (XXI1), with weight average molecular weights of 9000, 7000,

16,000, and 6000, respectively.

Glutathione3 has a protective effect against radia-
tion%kand is considered to act as a detoxicant of hydro-

gen peroxide generated in cells.6 It appeared possible

that a high-molecular-weight sequential polypeptide
containing the repeating unit of glutathione could be
stored in the body as an active thiol-containing molecule
for prolonged action. Although in recent years a num-
ber of sequential polypeptides containing trifunctional
amino acids have been synthesized,6 polypeptides hav-
ing arepeating sequence of a naturally occurring biologi-
cally active peptide are unknown. This paper re-
ports the synthesis of polyglutathione, polyaspar-
thione, and the related a polymers by the pentachloro-
phenyl ester polymerization method.6b,e'8 i

The preparation of the tripeptide active esters IV and
VI, which are needed for polycondensation, was
achieved in high yields through stepwise lengthening of
the peptide chain from the activated C-terminal amino
acid, glycine pentachlorophenyl ester, by using the mixed
anhydride (M.A.) coupling method, as shown in Scheme
1. 7

Syntheses of the a-tripeptide active esters I1X, X and
X 11, X111 were achieved by using the V-ter(-butyloxy-

(1) Part of this investigation was presented at the 157th National Meet-
ing of the American Chemical Society, Minneapolis, Minn., April 13-18,
1969, Abstract ORGN 176.

(2) Visiting Scientist, 1968-1969, from Department of Organic Chemistry,
Indian Association for the Cultivation of Science, Calcutta 32, India.

(3) (a) S. P. Colowick, A. Lazarow, E. Racker, D. R. Schwarz, D. R.
Stadtman, and H. Waelsch, “ Glutathione,” Proceedings of the Symposium
held at Ridgefield, Conn., Nov 1953, Academic Press, New York, N. Y.,
1954. (b) E. M. Crook, “Glutathione,” Biochemical Society Symposium,
No. 17, held at Senate House, University of London, February 15, 1958,
Cambridge, England, University Press, 1959. (c) W. E. Knox in “The
Enzymes,” P. D. Boyer, H. Lardy, and J. Myrback, Ed., Vol. 2, 2nd ed,
Academic Press, New York, N. Y., 1960, p 254.

(4) (a) H. M. Patt, E. B. Tyree, R. L. Straube, and D. E. Smith, Science,
110, 213 (1949); (b) for a review see D. R. Hope, ref 3b, p 93.

(5) (@) P. Hochstein and G. Cohen, Acta Biol. Med. Ger. Suppl., 3, 292
(1964); (b) A. S. Hill, A. Haut, G. E. Cartwright, and M. M. Wintrobe,
J. Clin. Invest., 43, 17 (1964); (c) H. S. Jacob, S. H. Ingbar, and J. H.
Jandl, ibid., 44, 1187 (1965).

(6) (a) For a review see E. Katchalski and M. Sela, Advan. Protein Chem.,
13, 243 (1958); (b) J. Kovacs and B. J. Johnson, J. Chem. Soc., 6777 (1965);
(c) A. T. Moore and H. N. Rydon, Acta Chim. Hung., 44, 103 (1955); (d)
F. H. C. Stewart, Aust. J. Chem., 18, 887 (1965), and references cited therein;
(e) J. Kovacs, R. Giannotti, and A. Kapoor, J. Amer. Chem. Soc., 88, 2282
(1966)
(1967)
U. R. Ghatak, Biopolymers, 6, 817 (1968); (h) B. J. Johnson, J. Chem. Soc.
C, 3008 (1968); (i) “Amino-acids, Peptides, and Proteins,” Chem. Soc.
Specialist Periodical Report, 1, 143, 200 (1969); 2, 169 (1970).

(7) Abbreviations follow the rules in “Abbreviated Designation of
Amino-Acid Derivatives and Polypeptides” (Information Bulletin No. 25,
IUPAC). Other abbreviations follow as used in “Peptides 1968,” Pro-
ceedings of the 9th European Peptide Symposium, E. Bricas, Ed., Wiley,
New York, N. Y., 1968.

Polyglutathione was investigated for radioprotective activity.
thione shows a growth stimulating effect on B. subtilis.

Polygluta-

carbonyl protecting group (Scheme I1), since attempted
removal of the A-benzyloxycarbonyl group from
iV-benzyloxycarbonyl-y-benzyl-L-glutamyKS’'-benzyl-1-
cysteinylglycine pentachlorophenyl ester (VI11), with
hydrogen bromide led to a complex mixture.

The tripeptide active ester trifluoroacetate salts IX
and X 11 partly polymerize on standing in solution or
drying under vacuum above 50°.

The tripeptide active ester salts were polymerized63
in concentrated dimethylformamide solution in the
presence of 2 equiv of triethylamine. While the poly-
merization of the aj-tripeptide active ester salts IV and
V1 yielded the corresponding polymers X1V and XV,
respectively, in 70-80% yield, polymerization of the a-
peptide active ester salts IX or X and X 11 or X111 gave
the corresponding polymers XV 1 and XV 11 in the range
of 55 and 39% vyields, respectively.

neu « e=-Glu-OBZL

1V --—m-- >
dm¥ I~ Oys-Gly-mm m
BZL
X1V
NEt, ee=--Asp-OBZL
VI e |
DMF i-——-Cys-Gly-mee
|
BZL
XV
NEta  ~m--Glu - Cys-Gly- e=n
IX or X --------- >
DMF OBZL BZL
XVI
NEta  ----- Asp - Cys-Gly-——
DG 1 I D G I [ [— 1
DMF OBZL BZL
XVII

The C- and S-benzyl protecting groups of the poly-
mers X1V and XV were removed8with sodium-liquid
ammonia. The complete removal9 of the protecting
benzyl groups was indicated by the absence of aromatic
protons in the pmr spectra of the sodium salts of the de-
blocked polymers. Polyglutathione (XV1I11) and poly-
asparthione (X 1X) were isolated by acidification of the

(f) D. F. DeTar, F. F. Rogers, Jr., and H. Bach, ibid., 89, 3039

, and earlier papers in this series; (g) J. Kovacs, G. N. Schmit, and water-soluble sodium salts of the polymers and dialysis,

with weight average molecular weights of 9000 and
7000, respectively, in the ultracentrifuge.l0 The iodo-

(8) J. L. Wood and V. du Vigneaud, 5. Biol. Chem., 130, 110 (1939).

(9) Cf. A. Berger, J. Noguchi, and E. Katchalski, J. Amer. Chem. Soc.,
78, 4483 (1956).

(10) H. K. Schachman, “ Ultracentrifugation in Biochemistry,” Academic
Press, New York, N. Y., 1959.
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Scheme |

1 MA.
Z-Cys-OH + HBr H-GIy-OPCPZWE > Z-Cys-Gly-OPCP -
. tj

BZL

HBr
> HBr-H-Cys-Gly-OPCP
AcOH

BZL BZL

1 M.A. HBr
Il + Z-Glu-OBZL-------- > Z-Glu-OBZL ~  -------- > HBr<H-Glu-OBZL
i 2. NEta AcOH
Hm -Cys-Gly-OPCP LCys-Gly-OPCP
BZL BZL
] v
1 M.A. HBr
Il + Z-Asp-OBZL-------- Z-Asp-OBZL - > HBrmAsp-OBZL
2. NEts | AcOH I
Ak I-l:ys-GIy-OPCP -Cys-Gly-OPCP
BZL BZL
\% VI
Scheme |l
I. M.A. TFA
BOC-GIu-OH + [ -------- >m BOC-Glu—Cys-Gly-OPCP---------------- > RX #H-Glu—Cys-Gly-OPCP
, 2. NEts | | or HBr—-AcOH |
OBZL OBZL BZzZL OBZL BZL
VIl IX, RX = TFA
X, RX = HBr
TFA
BOC-Asp-OH (- Il BOC-Asp—Cys-Gly-OPCP >a RX «H-Asp—Cys-Gly-OPCP
1 or HBr-AcOH
OBZL OBZL BZL ABZL BZL
X1 XIl, RX = TFA

metric titration of the thiol groups of dialyzed samples
of the polymers XV 111 and X 1X indicated that only a

*n-Glu-OH -m-Asp-OH

I Cys-Gly- mee —Cys-Gly- eee
XVIII XX

negligible amount of disulfide linkage had probably
formed under the carefully controlled experimental
conditions. Polyisoglutathione (XX) and polyiso-
asparthione (XX1) were obtained similarly with molec-

----- Glu-Cys-Gly-—- Asp-Cys-Gly-----
XX XXI1

ular weights of 16,000 and 6000, respectively. Re-
moval of the C- and ~-benzyl protecting groups of the
polymers X1V and XV with anhydrous hydrogen fluo-
ridellgave less pure and of lower molecular weight poly-
mers.

During the synthesis of the tripeptide active esters
there is no danger of racemization.2 Racemization of
the base-sensitive cysteine residue could occur during
polymerization. However, the model dipeptide, N -
benzyloxycarbonyl- S - benzyl- 1 - cysteinylglycine ethyl
ester, in the presence of 7 equiv of triethylamine in the
tetrahydrofuran solution showed practically no race-
mization in 48 hr at room temperature.1l3 This result
suggests that no racemization of the cysteine residue oc-
curred during polymerization of the tripeptides.

The antiradiation testing of polyglutathione (XVI1I11)
and polyasparthione (X1X) was undertaken by Dr. T.
R. Sweeney, Walter Reed Army Institute of Research,
Walter Reed Army Medical Center, Washington, D. C.

(11) S. Sakakibara, Y. Shimonishi, Y. Kishida, M. Okada, and H. Sugi-
hara, Bull. Chem. Soc. Jap., 40, 2164 (1967).

(12) J. Kovacs, L. Kisfaludy, M. Q. Ceprini, and R. H. Johnson, Tetra-
hedron, 25, 2555 (1969).

(13) J. Kovacs, G. L. Mayers, R. H. Johnson, R. E. Cover, and U. R.
Ghatak, J. Org. Chem., 35, 1810 (1970).

X1, RX = HBr

However, the physical properties of these polymers were
unsatisfactory for detailed studies.’4 In addition, Dr.
M. Pisano, Department of Biology at St. John’s Uni-
versity, investigated the effect of polyglutathione
(XVI1I1l) on various microorganisms. Preliminary re-
sults disclosed a growth stimulation effect on Bacillus
subtilis when polyglutathione was present in the me-
dium at a concentration of 25 Mg/ml. These results will
be published in detail elsewhere in asubsequent paper.

Experimental Section

Melting points were taken on a Thomas-Hoover apparatus and
are uncorrected. The infrared spectra were taken in potassium
bromide pellets on a Beckman IR-8 spectrophotometer and only
the characteristic strong bands are recorded. The microanalyses
were carried out by Schwarzkopf Microanalytical Laboratory,
Woodside, N. Y., and Drs. G. Weiler and F. B. Strauss, Oxford,
England. Unless otherwise stated, all the analytical samples
were dried over phosphorus pentoxide for 20 hr at 56° under high
vacuum. The polymers were dried under the same conditions
at 78°. Thin layer chromatography was carried out on precoated
silica gel analytical plates F254 (Brinkman); unless otherwise
stated spots were located by ultraviolet light or exposure to iodine
vapor.

JV-Benzyloxycarbonyl-S-benzyl-L-cysteinylglycine  Penta-
chlorophenyl Ester (I).—A well-stirred solution of 6.90 g (20
mmol) of V-benzyloxycarbonvl-S-benzyl-L-cysteine in 60 ml of
dry tetrahydrofuran containing 2.20 ml (20 mmol) of V-methyl-
morpholine was cooled to —15° (Dry Ice-methanol) and 2.80 ml
(21 mmol) of isobutyl chloroformate was added. After 15 min

(14) In a private communication Dr. Sweeney informed us that no satis-
factory tests on these polymers could be performed due to their insolubility
in biologically suitable vehicles. Both compounds, when placed in aqueous
vehicles or suspending agents, form sticky gelatinous dungs which prevent
their uniform dispersion in the vehicles. Consequently, more dose cannot
be uniformly administered to the test animals through a hypodermic needle.
However, one of tne samples of polyglutathione (XV1I11) was tested under
these very unsatisfactory conditions and the following results were obtained
in ICR female mice: acute LD&o (ip) > 1000 mg/kg; survival after 1000 R
»Co 7 radiation, 500 mg/kg, 15 min prerad, 15 mice, 67% survival; 250
mg/kg, 15 min prerad, 15 mice, 7% survival;, control, 10 mice, 10% sur-
vival. These experiments are suggestive of some radioprotective activity.



32 J. Org. Chern., Vol. 37, No. 1, 1972

8.58 g (22 mmol) of glycine pentachlorophenyl ester hydrobro-
mide was added followed by 3.0 ml (21 mmol) of triethylamine in
60 ml of precooled tetrahydrofuran. Stirring at —10 to 0° was
continued for 30 min followed by another 1.5 hr at 0°. The re-
action mixture was diluted with 300 ml of cold water and the
white solid peptide was filtered. The precipitate was thoroughly
washed with 5% sodium bicarbonate solution, water, 1 N hydro-
chloric acid, water, two 100-ml portions of cold methanol, and
finally with ether. White crystalline dipeptide was dried in
vacuo; yield 12.20 g (93%), mp 189-191°. Recrystallization
from tetrahydrofuran-ether afforded 10.15 g of the dipeptide |
as fluffy needles, mp 190-191°, [o]2d —31.8° (c 2.0, dimethyl-
formamide). It showed asingle spotin tic in benzene-methanol-
acetic acid (10:2:1); XmaxS.63 (COOPCP), 5.92 (urethane), 6.08
(amide 1), 6.52 (amide 11), and doublet at 7.21 and 7.33 jj (pen-
tachlorophenyl).

Anal. Calcd for CEH2ZND $C15 C, 48.00; H, 3.25; N,
4.30; S,4.93. Found: C,48.03; H, 3.34; N, 4.20; S, 5.15.

S-Benzyl-L-cysteinylglycine Pentachlorophenyl Ester Hydro-
bromide (11).—A-Benzyloxycarbonyl-iS-benzyl-L-cysteinylgly-
cine pentachlorophenyl ester (1), 8 g (12.3 mmol), was pulverized
and thoroughly mixed with 25 ml of dry acetic acid followed by
the addition of 40 ml of 40% hydrogen bromide in acetic acid.
The reaction mixture was shaken from time to time over a period
of 20 min. After this time, 25 ml of acetic acid was added and the
solid mass was dispersed by vigorous shaking. After 15 min
the mixture was diluted with a large excess of dry ether, cooled
overnight, and filtered. The light yellow hydrobromide salt was
washed with dry ether and dried in vacuo over potassium hydrox-
ide; yield 6.19 g (84%), mp 192-193° dec. Two recrystalliza-
tions from methanol-ether yielded 5.21 g of colorless needles; mp
193-194° dec; [a]ZD 11.3° (c 2, dimethviformamide); Xrex 3.44
(broad, -NH3+), 561 (COOPCP), 5.99 (amide 1), 6.45 (amide
11), and doublet at 7.22 and 7.35 x (pentachlorophenyl); tic in
1-butanol-pyridine-acetic acid-water (30:20:6:24) gave a single
ninhydrin-positive spot.

Anal. Calcd for CigHIGBND SCI&Br: C, 36.18; H, 2.70; N,
4.69;S,537. Found: C, 36.44; H, 2.61; N,4.32; S, 5.79.

N -Benzyloxycarbonyl-a-benzyl- L-glutamyl-S-benzyl- L-cystein-
ylglycine Pentachlorophenyl Ester (111).—A-Benzyloxycar-
bonyl-L-glutamic acid a-benzyl ester was coupled with the dipep-
tide hydrobromide Il as described previously. The crude prod-
uct (82.5%), mp 189-190°, was crystallized from tetrahydro-
furan-ether to yield pure tripeptide 111: mp 191-193°; tic, single
spot in methylene chloride-methanol (9:1); [a]ZD —26.15° (c 2,
dimethylformamide).

Anal. Calcd for CEHINID S&C15 C, 52.46;
4.83. Found: C, 52.11; H,4.07; N,4.78.

a-Benzyl-L-glutamyl-jS-benzyl-L-cysteinylglycine Pentachloro-
phenyl Ester Hydrobromide (1V).—This compound was prepared
using the procedure described for 11 in 92% yield, mp 148-150°

I, 3.94; N,

dec. Crystallization from methanol-ether raised the melting
point to 152-154° dec. It was recrystallized twice from the same
solvent as colorless needles, mp 153-155° dec, [a]ZD —18.4°
(c 2, dimethylformamide).

Anal. Calcd for CIHMNIOSCIBr: C, 44.11; H, 3.58;
N, 5.36. Found: C,44.00; H, 3.40; N, 5.14.

A'-Benzyloxycarbonyl-a-benzyl-i.-aspartyl-S-benzyl-i.-cystein-
ylglycine Pentachloroohenyl Ester (V).—To the mixed an-
hydride prepared from 2.072 g (6 mmol) of V-benzyloxycar-
bonyl-L-aspartic acid a-benzyl ester in 30 ml of tetrahydrofuran,
O. 67 ml (6 mmol) of V-methylmorpholine, and 0.84 ml (6.3 mmol)
of isobutyl chloroformate at —15°, 3.588 g (6 mmol) of the dipep-
tide hydrobromide Il was added, followed by 0.84 ml (6 mmol) of
triethylamine in 30 ml of cold tetrahydrofuran. After 30 min at
—10to 0°, stirring at 0° was continued for 1 hr. The reaction
mixture was worked up as described for I, yield 4.62 g (95%), mp

191-193°. Two recrystallizations from tetrahydrofuran-ether
afforded the tripeptide V, mp 193-195°[a] &d —25.7° (c 2, di-
methylformamide); tic in methylene chloride-methanol (9:1)
showed asingle spot.

Anal. Calcd for CH3IND &ECI15 C, 51.92; H, 3.77; N,
491; S, 3.74; CIl, 20.71. Found: C, 51.90; H, 3.95; N,

4.78; S, 3.94; ClI, 20.41.

a-Benzyl-L-aspartyl-iS-benzyl-L-cysteinylglycine Pentachloro-
phenyl Ester Hydrobromide (VI1).—This compound was prepared
the usual way. It was recrystallized from methanol-ether in
silky, colorless needles: vyield 1.25 g (60%); mp 195-196° dec;
[a]2D —15.1° (c 2, dimethylformamide).

Kovacs, Kalita, and Ghatak

Anal. Calcd for CZHZO6NXIBCI®Br: C, 43.39; H, 3.39;
N, 5.24; S, 3.99. Found: C, 43.19; H, 3.45; N, 5.34; S,
4.11.

A’-Benzyloxycarbonyl-y-benzyl-L-glutamyl-S-benzyl-r.-cystein-
ylglycine Pentachlorophenyl Ester (VII).—The mixed anhy-
dride, prepared from 2.226 g (6 mmol) of TV-benzyloxycarbonyl-
L-glutamic acid y-benzyl ester, was coupled with 3.588 g (6 mmol)
of the dipeptide hydrobromide 11, and the reaction mixture was
worked up as described for the dipeptide I. The crude product
was crystallized from tetrahydrofuran-ether to afford 4.30 g (82%)
of VII: mp 203-205°; [a]2sp —21.8° (c 2, dimethylformamide);
tic showed a single spot in methylene chloride-methanol (9:1).

Anal. Calcd for CBHINID &ECI5: C, 52.46; H, 3.94; N,
4.83. Found: C,52.28; H, 3.80; N,4.71.

A-ieri-Butyloxycarbonyl-7-benzyl-L-glutamyl-S-benzyl-L-cys-
teinylglycine Pentachlorophenyl Ester (VI11).—Mixed anhydride
coupling of IV-teri-butyloxycarbonyl-L-glutamic acid y-benzyl
ester’5 and dipeptide hydrobromide Il gave VIII in 73% yield,
mp 150-151° with shrinking above 147°. Recrystallization from
tetrahydrofuran-methanol gave gel, which was filtered, washed
with ether, and dried to yield the product as awhite powder: mp
151-153°, shrinking above 147°, [a]2ap —23.1° (¢ 2, dimethyl-

formamide).

Anal. Calcd for CEHINID &EC15: C, 50.28; H, 4.34; N,
5.03; S, 3.83; CI, 21.20. Found: C, 50.13; H, 3.94; N,
5.06; S, 4.18; CI, 20.77.

y-Benzyl-L-glutamyl-S-benzyl-L-cysteinylglycine Pentachloro-
phenyl Ester Trifluoroacetate (I1X).—Pentachlorophenyl ester
VI, 1.52 g (1.8 mmol), was treated with 5 ml of cold anhydrous
trifluoroacetic acid at room temperature for 40 min. Evaporation
of the solvent in vacuo below 30° left colorless solid, 1.453 g
(95%), mp 151-153° dec, which reprecipitated from methanol
solution with ether: mp 151-153° dec; [a]24D —12.45° (¢ 2, di-
methylformamide).

Anal. Calcd for CHINID &SC1F3 C, 45.22; H, 3.44;
N, 4.94; S, 3.77. Found: C, 45.64; H, 3.63; N, 5.09; S,
4.42.

y-Benzyl-L-glutamyl-S-benzyl-L-cysteinylglycine Pentachloro-
phenyl Ester Hydrobromide (X).—The tripeptide VIII and
HBr gave, after recrystallization from methanol-ether, hydro-
bromide X as fluffy white solid in 86% yield: mp 162-163° dec;
[a] 20 —9.95° (c2.01, dimethylformamide).

Anal. Calcd for CIHZNIOSCIBr: C, 44.11; H, 3.58;
N, 5.36; S, 3.92. Found: C, 43.41; H, 3.57; N, 5.20; S,
3.89.

V-icri-Butyloxycarbonyl-ij-benzyl-L-aspartyl-S-benzyl-r.-cys-
teinylglycine Pentachlorophenyl Ester (X1).—The mixed anhy-
dride prepared from 3.557 g (11 mmol) of JV-ieri-butyloxycar-
bonyl-L-aspartic acid /3-benzyl ester’6 was coupled to 6.578 g
(11 mmol) of dipeptide hydrobromide Il. The tripeptide was
worked up as described previously, to afford 8.75 g (90%) of X1,
mp 164-166°. This was precipitated as gel from tetrahydrofu-
ran-methanol. After drying 6.53 g of the pure tripeptide X I was
obtained as a white powder: mp 168-169°; [<*]2d —26.3° (c2.03,
dimethylformamide); tic in methylene chloride-methanol (9:1)
gave asingle spot.

Anal. Calcd for CIH3NID &C16: C, 49.68; H, 4.16; N,
5.11; S, 3.90; CI, 21.56. Found: C, 50.05; H, 4.32; N,
5.30; S,4.04; CI, 21.90.

/3-Benzyl-L-aspartyl-S-benzyl-L-cysteinylglycine  Pentachloro-
phenyl Ester Trifluoroacetate (XIl1).—'Pentachlorophenyl ester
X1, 3 g (3.65 mmol), was treated with 10 ml of anhydrous tri-
fluoroacetic acid; after 10 min crystalline white solid separated.
The reaction mixture was diluted with ether and the precipitated
solid was washed with ether and dried in vacuo over potassium
hydroxide: yield 3.01 g (98%); mp 170° dec with charring;
[a]24aD —17.3° (c 2, dimethylformamide).

Anal. Calcd for C3HZNID8CISFI: C, 44.54; H, 3.26;
N, 5.03; S, 3.84. Found: C, 45.72; H, 3.15; N, 5.25; S,
4.31.

(3-Benzyl-L-aspartyl-iS-benzyl-L-cysteinylglycine  Pentachloro-
phenyl Ester Hydrobromide (XII11).—This compound was ob-
tained from pentachlorophenyl ester (X1), the usual way in 92%
yield: mp 196-198° dec; [a] 24 —12 .6° (c 2, dimethylformamide).

Anal. Calcd for CZHZND &SCIBr: C, 43.39; H, 3.39;

(15) C. H. Li, B. Gorup, D. Chung, and J. Ramehandran, J. Org. Chern,,
28, 178 (1963).
(16) E. Sandrin and R. A. Boissonnaa, Helv. Chim. Acta, 46, 1637 (1963)



Synthesis of Polyglutathione

N, 5.24;
S. 3.98.
Poly (a-benzyl-L-glutamyl-.S'-benzyl-L-cysteinylglycine) (x1v).—
To a solution of 1.635 g (2 mmol) of a-benzyl-L-glutamyl-S-
benzyl-L-cysteinylglycine pentachlorophenyl ester hydrobro-
mide (IV) in 2 ml of purified dimethylformamide,88 0.56 ml (4
mmol) of purified triethylamine®was added and left on a shaker
for 48 hr.  The solid reaction mass was triturated with 150 ml
ether and centrifuged. The residue was triturated with ether
(three 100-ml portions), with methanol (two 100-ml portions),
finally with ether and dried: yield 787 mg (84%); Xnmex 5.78
(COOBZL), 6.09 (amide 1), 6.55 (amide I1), the pentachloro-
phenyl ester carbonyl band and the doublet completely disap-

S, 3.99. Found: C, 43.39; H, 345; N, 537

peared.
Anal. Calcd for (CZHZNIDSS),: C, 61.38; H, 5.80;
N, 8.95; S, 6.83. Found: C, 60.87; H, 5.66; N, 8.87;
1,6.97.

Poly(a-benzyl-L-aspartyl-iS-benzyl-L-cysteinylglycine) (XV).—
To a suspension of 803 mg (1 mmol) of a-benzyl-L-aspartyl-S-
benzyl-L-cysteinylglycine pentachlorophenyl ester hydrobromide
(V1) in 1.5 ml of dimethylformamide, 0.28 ml (2 mmol) of tri-
ethylamine was added and the mixture was left in a mechanical
shaker for 48 hr. The polymer was worked up following the
procedure described above to afford 330 mg (73%) of white pow-
der.

Anal. Calcd for (CZHEND 6B),: C, 60.65; H, 553; N,
9.22; S, 7.04. Found: C, 60.95 H, 573; N, 8.90; S,
7.22.

Polyi-,--benzyl-i,-glutamyl-,S-benzyl-L-cysteinylglycine)  (XVI).
A. Polymerization of the Trifluoroacetate Salt IX.—y-Benzyl-
L-glutamyl-S-benzyl-L-cysteinylglycine pentachlorophenyl ester
trifluoroacetate (1X) (850 mg) was polymerized and the product
was worked up following the method described above to yield
254 mg (54%) of XV 1.

Anal. Calcd for (CZHZNDP B-HD ),: C, 59.12; H, 5.58;
N, 8.62; S, 6.58. Found: C, 59.33; H, 5.68; N, 8.82;
S, 7.40.

B. Polymerization of the Hydrobromide Salt X.—y-Benzyl-

L-glutamyl-S-benzyl-L-cysteinylglycine pentachlorophenyl ester
hydrobromide (X) (2.45 g) was polymerized and worked up ac-
cording to the method described previously. The polypeptide
XV 1 was obtained as a white solid, yield 0.809 g (57%).

Anal. Found: C,60.35; H,5.37; N.9.13; S, 7.52.

Polyi/j-benzyl-L-aspartyl-S-benzyl-i.-cysteinylglycine) (XVII).
A. Polymerization of the Trifluoroacetate Salt XI1.—3-Benzyl-
L-aspartyl-S-benzyl-L-cysteinylglycihe pentachlorophenyl ester
trifluoroacetate (X11) (1.67 g) gave polymer XV 11 following the
usual procedure, yield 248 mg (27%).

Anal. Calcd for (CZHANDP B-HD),: C, 58.33; H, 5.71;
N, 8.87; S, 6.77. Found: C, 58.,54; H, 5.61; N, 9.31;
S, 7.29 (0.07% residue).

B. Polymerization of the Hydrobromide Salt XII1.—0-

Benzyl-L-aspartyl-S-benzyl-L-cysteinylglycine pentachlorophenyl
ester hydrobromide (X111) (2.40 g) was polymerized to afford
537 mg (39%) of polymer XV 1.

Anal. Calcd for (CZHBONIS-7HD),,:
5.64; N, 9.05; S, 6.90. Found: C, 59.73;
9.40; S, 7.46.

Removal of the C- and 5-Benzyl Protecting Groups of the
Polymers with Sodium-Liquid Ammonia. Polyglutathione
(XV1I1).—To astirred suspension of 1.7 g of the polymer X1V in
200 ml of freshly distilled (from sodium) liquid ammonia, 800 mg
of finely cut sodium was added. Each portion of sodium was
added when the blue color had faded. At the end, the blue color
was allowed to persist for 30 min, after which the excess of sodium
was destroyed by the addition of a few crystals of ammonium
chloride. The ammonia was allowed to evaporate under a stream
of oxygen-free nitrogen (purified by passing through Fieser’s solu-
tion) and the white residue was completely freed from ammonia in
a vacuum desiccator over sulfuric acid. The residue was dis-
solved in 50 ml of freshly distilled water containing 1 ml of 1%
ethylenediaminetetracetic acid sodium salt, adjusted to about pH
6 with acetic acid, and lyophilized. The residual white solid was
taken in 25 ml of freshly distilled water, acidified with 2 N hydro-
chloric acid to about pH 3, and dialyzed against six 1000-ml por-
tions of freshly distilled water under a nitrogen atmosphere, until
free of chloride ion. After lyophilization the polymer XV IH was
obtained as a fluffy white solid: yield 516 mg (59%); M, =
9000 by sedimentation equilibrium. The sodium salt of the poly-

C, 59.47,; H,
H, 5.32; N,
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mer XVIIlin DD (10%) showed the complete absence of aroma-
tic protons in the nmr (60 Mcps). The analytical sample was
prepared by washing the polymer with water, absolute ethanol,
and peroxide-free ether under an oxygen-free nitrogen atmo-
sphere and dried.

Anal. Calcd for (Ca,HiNiOsS).-:  C, 41.52; H, 5.23; N,
14.52; S,11.08; SH, 11.14. Found: C, 41.58; H, 5.85;
N, 14.87; S, 10.65; SH, 9.48 by iodometric titration.

Polyasparthione (X1X).—The protecting benzyl groups from
polymer XV (1.0 g) were removed in 200 ml of liquid ammonia
with 350 mg of sodium. The reaction mixture was worked up
following the conditions described for the preparation of XVIII.
After dialysis and lyophilization, the polymer X 1X was obtained
as a fluffy white solid: yield 265 mg (60%); M, = 7000 by sedi-
mentation equilibrium.

Anal. Calcd for (C»HEN3sS),: C, 39.27; H, 4.76; N,
15.26; S.11.65; SH, 11.20. Found: C, 39.27; H, 5.16;
N, 1S.14; S, 11.54; SH, 10.29.

Polyisoglutathione (XX).—The polymer XVI1 (500 mg) was
treated as above to obtain the free polymer XX in 58% yield;
Mw = 16,000 by sedimentation equilibrium.

Anal. Calcd for (CioHisNsOsS)™: C, 41.52; H,5.23; N,
14.52; S,11.08; SH, 11.14. Found: C, 41.72; H, 5.45;
N, 13.92; S, 10.82; SH, 11.52.

Polyisoasparthione (XXI1).—Polymer XVI1I (500 mg) gave, af-
ter similar treatment, 133 mg (60%) of XX as a fluffy white
solid, My, = 6000 by sedimentation equilibrium.

Anal. Calcd for (CHIND:),: C,39.27; H,4.76; N,
15.26; S,11.65; SH, 11.20. Found: C, 39.97; H, 5.37;
N, 14.92; S, 11.26; SH, 10.82.

Removal of the C- and S-Benzyl Protecting Groups of the
Polymers by Anhydrous Hydrogen Fluoride. Polyglutathione
(XVI111).—To a stirred solution of 2 g of the polymer X1V in 15
ml of trifluoroacetic acid containing 2.5 ml of anisole, ca. 20 ml of
anhydrous hydrogen fluoride was collected at Dry Ice-methanol
bath temperature. The solution turned light yellow to red color.
After stirring at —15 to 0° for 1 hr, the reaction mixture was
stirred at room temperature for about 18 hr. The hydrogen
fluoride was removed with a stream of oxygen-free nitrogen and
the polymer was precipitated by addition of peroxide-free ether,
centrifuged, washed with four 200-ml portions of ether to afford
white amorphous polymer, and dried overnight at 78° (0.1 mm),
yield 1.20 g, My, — 5000 by sedimentation equilibrium.

Anal. Calcd for (CXHINDOS),: C, 41.52; H, 5.23; N,
1452; S, 11.08. Found: C, 43.97; H, 4.88; N, 1142
S, 9.01.

Polyasparthione (X1X).—Polymer XV was similarly treated
with anhydrous hydrogen fluoride. The reaction mixture was
worked up following the conditions as described for the prepara-
tion of XVIIl. The polymer was obtained as white amorphous
powder and dried at 78° (0.1 mm) overnight, yield 2.87 g, My, =
4600 by sedimentation equilibrium.

Anal. Calcd for (C,HINDSjm C, 39.27; H, 4.76; N,
15.26; S, 11.65. Found: C, 41.71; H, 5.06; N, 12.22;
S, 9.44.

Weight-Average Molecular Weights.—Weight-average molec-
ular weights were determined in the Spinco Model E analytical
ultracentrifuge by the sedimentation equilibrium method in
Tris buffer (pH 7.8). The calculations used were those given by
Schachman.l0 Measurements were made at concentrations in the
range of 0.7-1% at 22-24°, at a rotor speed of 16,000 rpm and a
schlieren angle of 65°, assuming partial specific volume of

o. 72

Registry No.—I, 32296-65-4; 11, 32296-66-5; |11I,
32296-79-0; 1V, 32380-99-7: V, 32296-80-3; VI,
32296-81-4; VII, 32296-82-5; VIIIl, 32296-67-6; IX,
32296-68-7; X, 32296-69-8; X1, 32296-70-1; XII,
32296-71-2; X111, 32296-72-3; X1V (polymer), 32270-
57-8; X1V (repeating unit), 32355-52-5; XV (poly-
mer), 32270-58-9; XV (repeating unit), 32355-53-6;
XV1 (polymer), 32270-59-0; XVI (repeating unit),
32355-54-7; XV Il (polymer), 32270-60-3; XVII (re-
peating unit), 32355-55-8; XV IIl (polymer), 32270-

61-4; XVIII (repeating unit), 32355-57-0; X I1X (poly-
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X X

(repeating unit),
of Health, Public Health Service.
Professor H. Horan for the infrared spectra.

Synthesis of di-Hedycaryoll
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The synthesis of dZ-hedycaryol (S) according to Scheme 1 is described. Dimethyl 4-hydroxyisophthalate (1)
was hydrogenated over ruthenium dioxide and the resulting dimethyl hydroxycyclohexanedicarboxylate mixture
11 was acetylated. The acetate 12 was pyrolyzed at 260° in the presence of potassium acetate and the major
product, dimethyl cyclohexene-2,4-dicarboxylate (13), was separated by distillation. Addition of methyllithium
to 13yielded the bis tertiary diol 15 which was selectively dehydrated to 2-(2-propenyl)-4-(2-hydroxy-2-propyl)-I-
cyclohexene (2) by heating in dimethyl sulfoxide. Conversion of 2 to octalone 3 was effected by a previously
established sequence: 1,4 cycloaddition of ethyl a-acetoxyacrylate, lithium aluminum hydride reduction, and
sodium periodate oxidation. Direct angular methylation of 3 was effected by treatment with a mixture of so-
dium hydride and methyl iodide in dimethoxyethane (conditions corresponding to the reaction of kinetically
generated enolates). The resulting octalone mixture 4 was correlated with -y-eudesmol (41) and epi-y-eudesmol
(42) by Wolff-Kishner reduction. From the reduction of the octalone mixture with lithium aluminum hydride a
crystalline diol 43 was obtained which was converted to monotosylate 44 which yielded hedycaryol (5) upon
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treatment first with diborane and then with aqueous sodium hydroxide. The properties of synthetic dI-5 match

those reported for the natural d enantiomer.

Hedycaryol (5) is a biogenetically important ses-
quiterpene, isomeric with and derived from trans,trans-
farnesol and the progenitor of a further set of sesquiter-
pene skeletal families, exemplified most directly by the
eudesmols (hydronaphthalenes) and bulnesol and guaiol
(hydroazulenes), related by acid-catalyzed cycliza-
tions, and by elemol, related via the Cope rearrange-
ment.3

Hedycaryol has a relatively recent history; although
its biogenetic involvement as a 1,5-cyclodecadiene was
appreciated in print in 1953,4the structure of the first
sesquiterpene 1,5-cyclodecadiene was not established
until 1959,6and hedycaryol itself was not isolated until
1968.6 This article records the synthesis of dl-hedy-
caryol.

Synthetic Scheme.—The synthesis was planned and
carried out according to the accompanying flow chart,
in four main sections, A, B, C, and D (see Scheme 1I).
This approach concedes to nature, at least temporarily,
the exclusive ability to transform acyclic precursors
directly to (rans,Erans-1,5-cyclodecadienes.7 The pres-
ent synthesis involves fragmentation of the appropri-
ately functionalized and substituted hydronaphthalene
precursor to the ten-membered ring of hedycaryol which
is specifically a 1,5-dimethyl-£rans,Erans-I,5-cyclodec-

(1) (a) The investigation was supported by Public Health Service Research
Grants GM 09759, GM 14133, and GM 16338 from the Division of General
Medical Sciences, U. S. Public Health Service, (b) The article is abstracted
from the Ph.D. theses of C. E. S., University of Wisconsin, 1968, and H.
C. K., Wesleyan University, 1971. The synthesis was first presented at the
155th National Meeting of the American Chemical Society, San Francisco,
Calif., April 1968, Abstract P-2.

(2) Wesleyan University, Middletown, Conn.

(3) Sesquiterpene biogenetic relations are reviewed by W. Parker, J. S.
Roberts, and R. Ramage, Quart. Rev., Chem. Soc., 21, 321 (1967).

(4) L. Ruzicka, A. Eschenmoser, and H. Heusser, Experientia, 9, 357
(1953).

(5) J. B. Hendrickson, Tetrahedron, 7, 82 (1959); V. Herout, M. Horak,
B. Schneider, and F. Sorm, Chem. Ind. {London), 1089 (1959).

(6) R. V. H. Jones and M. D. Sutherland, Chem. Commun., 1229 (1968).
Note the corrigendum, ibid., 892 (1970).

(7) For an interesting, although unsuccessful, synthetic approach of this
type see E. J. Corey and E. A. Broger, Tetrahedron Lett., 1779 (1969).

adiene bearing a 2-hydroxy-2-propyl chain at C-8.
This was accomplished by Marshall’'s method:8 hy-
droboration of octalyl tosylate 44 and subsequent gen-
eration of dZ-hedycaryol at a relatively low temperature
(65°) by fragmentation in the presence of base. Some
care is necessary in planning and carrying out the syn-
thesis because hedycaryol is relatively unstable ther-
mally, rearranging to elemol (6) with a half-life of 3
hr at 100°,6 and it is very susceptible to cyclization in
the presence of acids.9

Sections B and C together exemplify the preparation
of 9-methyl-A410)-l-octalones Vvia 1,4 cycloaddition
to a 1-isopropenylcyclohexene (B)1 and subsequent
angular methylation (C).11 Section B involves the
regiospecific but indirect 1,4-cycloaddition of ketene
(which itself favors 1,2 cycloaddition).l2 This can
be accomplished by the use of a-acetoxyacrylates and
related substances.10 Although the involvement of
angular methylation as an essential part of the planned
synthesis might be considered to be poor strategy, it
may be noted that introduction of the angular methyl
group by direct alkylation of A4(0-l-octalones (/3,-y-
unsaturated) is a viable method, whereas direct angular
methylation of 1-decalones is not. Moreover, prior
incorporation of the methyl, using the same overall
approach, can be summarily dismissed because of the
failure of I-methyl-2-isopropenylcyclohexenes to un-

(8) J. A. Marshall and G. L. Bundy, Chem. Commun., 854 (1967).

(9) The conversion of d-5 to a mixture of eudesmols has been reported to
occur upon refluxing a solution in ether containing 1% p-toluenesulfonic
acid.8 Our results provide an even more striking illustration of the sensitivity
of 5 to acid, synthetic material suffering cyclization to the eudesmols in
buffered acetic acid with a half-life of 15 min at 60°. The product of this
reaction also consisted of a mixture of a-, 0-, and 7-eudesmols; moreover,
specific examination by glpc for the presence of bulnesol, which is biogeneti-
cally formed from 5 as are the eudesmols, by asimple acid-catalyzed cycliza-
tion (albeit anti-Markovnikov in the case of bulnesol), failed to detect any
(<2% ), and an intriguing problem of biogenetic simulation remains.

(10) P. S. Wharton and B. T. Aw, J. Org. Chem., 31, 3787 (1966).

(11) P. S. Wharton and C. E. Sundin, ibid., 33, 4255 (1968).

(12) SeeJ. D. Roberts and C. M. Sharts, Org. React., 12, 1 (1962).
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Scheme |I®6

6
“ The synthetic sequence is indicated by heavy arrows.

dergo synthetically useful 1,4-cycloaddition reactions.18

The four considered in order A-D
(Scheme 1).

Section A (1 -» 2) starts with an appropriately sub-
stituted compound, 4-hydroxyisophthalic acid, which is
available as a by-product in the manufacture of salicylic
acid. Hydrogenation of the dimethyl ester 1 at 100°
in tetrahydrofuran over ruthenium dioxide yielded a
mixture consisting of 35% of hydrogenolysis products,
the isomeric dimethyl cyclohexane-1,3-dicarboxylates
(11). On a large scale, separation of the products by
distillation was accompanied by much lactonization, an
unnecessary complication which was most efficiently
avoided by acetylating the crude hydrogenation
product prior to distillation. Furthermore, the acetate
obtained in this way (12) could be converted directly
to the conjugated diester, dimethyl cyclohexene-2,4-
dicarboxylate (13), by heating to 260° in the presence

The isomers of the unconjugated
(19,3

sections are

of potassium acetate.
diester, dimethyl cyclohexene-3,5-dicarboxylate

(13)  See A. S. Onishschenko, “Diene Synthesis,” Israel Program for Sci-
entific Translation, Jerusalem, 1964, pp 418-419.

6Relative stereochemistry is indicated only when dotted lines are present.

were present in the neutral fraction of the pyrolysate
but they comprised only 6% of the equilibrium mixture
of unsaturated diesters at 200°, as shown in independent
experiments, and they could be separated by fractional
distillation, thus allowing the use of recycling pro-
cedures. Some acidic material was formed in the py-
rolysis but this could also be recycled after esterification.

Conversion of the conjugated diester to a crystalline
bis tertiary diol (15) was effected in high yield by treat-
ment with methyllithium. Dehydration of the diol to
isopropenylcyclohexene (2), an apparently simple trans-
formation involving dehydration of the alcohol which
is both tertiary and allylic but not of the simple ter-
tiary alcohol, was accomplished with less ease than
had been anticipated. Heating with pyridine-treated
aluminal4 gave promising results which were, however,
difficult to reproduce; and the desired product was al-
ways accompanied by varying amounts of isomeric
diene, and trienes from bis dehydration, in addition to
starting material. A simpler reproducible procedure
consisted of heating the diol in dimethyl sulfoxide at

(14) E. von Rudloff, Can. J. Chem., 39, 1860 (1961).
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130°.15 The tertiary allylic alcohol suffered highly
selective dehydration but the result was a mixture of
dienes containing 80% of 2 and 20% of undesired iso-
Attempts to reduce the amount of isom-
Furthermore, attempted
separation of the mixture by distillation led to complete
loss of 2 by isomerization, presumably induced by acidic

meric diene.
erization were to no avail.

impurities generated by dimethyl sulfoxide and re-
tained in the product. In fact, contrary to report,15
dehydration in dimethyl sulfoxide seemed to be acid-
catalyzed because it was found that addition of 1,5-
diazabicyclo[4.3.0]non-5-ene completely inhibited the
reaction.

Sections B (2 —m3) and C (3 —“m4).—By following
procedures already described,101l the mixture of dienes
containing 80% of 2 was converted to 4. A 1,4 cyclo-
adduct 21 was first obtained by heating with ethyl
a-acetoxyacrylate. Thereafter, excess acetoxyacrylate
and most of the unreactive diene isomeric with 2 were
removed in vacuo at 110° but it was not possible to
distill the remaining glass because of accompanying
dehydration. Direct reduction of the glass with lithium
aluminum hydride in ether afforded, in 47% overall
yield, a solid which must be predominantly one of the
four possible diastereomeric cZZ-triols 22 and, in 40%
yield, an oil consisting of an impure mixture of triol
Careful oxidation of crystalline triol with
sodium metaperiodate gave B3,7-unsaturated ketone 3,

isomers.

which was immediately methylated with a mixture of
1.1 equiv of sodium hydride and excess methyl iodide
in dimethoxyethane. (Some care is needed at this
stage to obviate the disastrously irreversible isomeriza-
tion of /3,7-unsaturated ketone 3 to the corresponding
«,/3-unsatunited ketone.) The <crude product was
chromatographed on alumina, a procedure which af-
forded, in 52% overall yield, a mixture consisting of
diastereomers with the constitution of 4. W olff-
Kishner reduction of crude ketonic product afforded
a mixture of (ZZ-y-eudesmol (41, methyl cis to hydroxy-
propyl) and (ZZ-epi-7-eudesmol (42) in a ~80:20 ratio
as determined by comparisons with authentic samples.16

Section D (4 -*» 5).—Reduction of the mixture of
(49 was carried out after
analyzing reduction of the octalone similarly constituted
but lacking the hydroxypropyl side chain;l7 in this

diastereomeric octalones

case, lithium aluminum hydride in ether gave a mix-
ture of major and minor alcohols (85:15) which were
separated by preparative glpc and characterized by their
nmr spectra, which showed signals at 8 3.35 and 3.33
ppm as broadened triplets with Wytof 17 and 10 Hz,
illustrative of the difference in cyclohexane systems ex-
pected for hydrogens on carbon bearing equatorial and
axial oxygen, respectively.18 Various other hydride-
solvent systems were examined but they afforded al-
most no variation in the product ratio.

Subsequent reduction of 4 (87% CiS diastereomer)
with lithium aluminum hydride in dimethoxyethane at
— 15° gave a mixture of diols from which the ex-
pected major product (43) was obtained crystalline

(15) V. J. Traynelis, W. L. Hergenrother, H. T. Hanson, and J. A. Vali-
centi, J. Org. Chem., 27, 2377 (1962); ibid., 29, 123 (1964).

(16) Authentic samples were generously supplied by Dr. J. A. Marshall,
Northwestern University.

(17) Y. C. Poon, Ph.D. Thesis, Wesleyan University, 1971.

(18) See N. S. Bhacca and D. H. Williams, "Applications of Nmr Spec-
troscopy in Organic Chemistry,” Jlolden-Day, San Francisco, Calif., 1964,
pp 49-53.
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in 29% vyield. Oxidation of this diol with chromic
acid and subsequent Wolff-Kishner reduction yielded
eZZ7-eudesmol only, the absence of cZZ-epi-7-eudesmol
showing that crystalline diol is stereochemically homo-
geneous at C-6 and C-9. The stereochemistry of the
hydroxyl group at C-l is equatorial according to the
nmr signal at 83.47 (JFy, = 17 Hz).

Crystalline diol was converted to the corresponding
monotosylate 44 in high yield and fragmentation of the
tosylate to cZZ-hedycaryol (5) was then examined. After
initial experiments with an old bottle of commercial
diborane in tetrahydrofuran had afforded variable re-
sults, reproducibility was achieved with a previously
unopened batch of the same reagent, a cautionary note
perhaps worthy of comment although the nature of
the problem was not determined.

Fragmentation of the boron-containing compounds
was carried out with aqueous sodium hydroxide for
13 hr at 65°. The nmr spectrum of the resulting oil
showed the presence of ~ 20% residual tosylate (which
was inert to prolonged fragmentation conditions) and
a yield of cZZ-hedycaryol, based on the unique absorption
at 84.92 ppm, of 60%. Nmr and ir data showed that
only a small amount of cZZ-elemol (6) had been formed,
consistent with the established preference for an in-
ternal rather than peripheral mode of fragmentation.8

(ZZ-Hedycaryol was isolated in 50% yield from the
crude product via extraction of the oil with aqueous
silver nitrate without addition of an organic solvent.
Samples of cll-5 isolated in this way could be distilled
in vacuo over solid sodium hydroxide but no further
purification was apparent; in both cases only small
amounts (2-4% ) of dI-6 could be detected by nmr spec-
troscopy.
purity of synthetic dz-5 directly by glpc because of the

It was not possible to assay the overall

occurrence of thermal or acid-catalyzed rearrangements
on all columns tested, but use wras made of the thermal
rearrangement in an indirect determination. After
heating in cyclohexane at 130° for 16 hr, a sample of
dz-5 gave, with no material loss, Cll-5 of >96% purity
as established by glpc.
by samples of synthetic dl-5 match those reported for
the natural d enantiomer.19

Spectroscopic data afforded

Experimental Section

Physical Data.—Melting points were determined using a
Thomas Unimelt capillary melting point apparatus and are un-
corrected. Boiling points are uncorrected. Analyses were per-
formed by Spang Microanalytical Laboratory, Ann Arbor, Mich.
Infrared spectra were obtained using a Perkin-Elmer Model 137
spectrophotometer. Nmr spectra were recorded using a Varian
A-60A spectrometer employing tetramethylsilane as an internal
reference. Spinning band distillations were performed using a
24-in. Nester-Faust NFT-50 Teflon spinning band column fitted
with an automatic reflux ratio control. Gas-liquid phase chro-
matography (glpc) was performed on Varian Aerograph, Model
A-90-P, and Perkin-Elmer, Model F-11, units, using packed and
capillary stainless steel columns, respectively. Peak areas were
calculated using a Disc chart integrator. The various columns
used for glpc were: 5 ft X 0.25in. 5% Carbowax 20M on Teflon
6 (1); 5% Carbowax 20M on 40-60 Chromosorb T (2); and 150
ft X 0.01 in. SF-96 (3).

Materials.— All solvents were dried and/or distilled before use
with the exception of Mallinekrodt anhydrous ether. Mag-
nesium sulfate was used as a drying agent. n-Butyllithium in

(19) Copies of the ir and nmr spectra of hedycaryol-d were generously

supplied by Dr. M. D. Sutherland.
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hexane (Alpha) was titrated and found to be 2.54 M in total base
and 2.44 M in butyllithium.

Dimethyl 4-hydroxyisophthalate (1) was prepared from the
“brown dust” by-product of salicyclic acid production, gener-
ously supplied by the Hilton-Davis Chemical Co. In portions,
ca. 4000 g of “brown dust” was extracted and then esterified
and afforded, after work-up, 1716 g of brown crystals of 1,
mp 96-98° (lit.Dmp 97.5°). Crystallization from hexane failed
to raise the melting point.

Dimethyl 4-Acetoxycyclohexane-l,3-dicarboxylate (12).—Into
a 1400-ml capacity hydrogenation bomb was placed 300.5 g of
crystalline dimethyl 4-hydroxyisophthalate, mp 96-98°, 16.5
g of ruthenium dioxide (62.5%, Engelhard), and enough tetra-
hydrofuran to half fill the bomb. The bomb was flushed with
nitrogen, filled with hydrogen to a pressure of 1590 psi, and slowly
heated, with shaking. The temperature was finally maintained
at 100°. The bomb was refilled with hydrogen after 2 hr and
again after 24 hr. After a total of 46 hr hydrogen uptake had
become slow and the bomb was allowed to cool. Work-up gave
297.4 g of alight brown oil to which was added 320 g of pyridine
and 277 g of acetic anhydride. After 10 days at room tempera-
ture work-up yielded 317 g of a light brown oil which was sub-
jected to a spinning band distillation to remove 75.6 g of lower
boiling components, bp to 85° (0.3 mm). The remaining oil
was then subjected to a simple distillation which afforded 224.2
g of acetate (61% based on dimethyl 4-hydroxyisophthalate), bp
143° (0.4 mm).

Dimethyl Cyclohexene-2,4-dicarboxylate (13).—A mixture of
162.6 g of dimethyl 4-acetoxycyelohexane-l,3-dicarboxylate and
15.1 g of fused potassium acetate was heated at 260-265° under
nitrogen in a round-bottom flask fitted with a distillation head.
Over a period of 15 min 45.7 g of distillate was collected (theoret-
ical yield of acetic acid, 37.8 g). After 17 min of heating a large
amount of solid suddenly separated in the reaction flask. The
flask was cooled, and the reaction mixture was worked up, af-
fording 94.3 g (76%) of dark oil as the neutral fraction.

Combination of similar material from various runs gave a total
of 270 g which was first simply distilled, affording 251.4 g of light
yellow oil, bp 100-110° (0.9 mm). The distillate was subjected
to spinning band distillation with the reflux ratio set at 100:1,
giving 59.4 g iip to a recorded head temperature of 67° (0.2
mm) before glpc analysis of the distillate showed that little or no
dimethyl cyclohexene-3,5-dicarboxylate (14) remained in the pot.
The remaining oil, from which 53.2 g had been removed, was
subjected to a simple distillation, yielding 132.5 g of 13 (52%
overall from starting acetate): bp 115-118° (0.2 mm); homo-
geneous by glpc analysis on column 2 at 223°; nmr (CCl<) S
6.92 (broad s, 1), 3.67 and 3.69 (two sharp s, 6), and 1.35-2.85
ppm (complex, 7).

2,4-Di(2-hydroxy-2-propyl)cyclohexene (15).—To a stirred
solution of 4 mol of 2.16 M methyllithium in ether (Alpha) was
added dropwise, over 1 hr, under nitrogen, and with cooling in an
ice-water bath, a solution of 117.5 g (0.593 mol) of dimethyl
cyclohexene-2,4-dicarboxylate, obtained as described above, in
320 ml of anhydrous ether. During the addition a fine white
precipitate formed. After the addition was complete the ice
bath was removed and the mixture was allowed to stir at room
temperature for 7 hr. To the reaction mixture was then added
dropwise over 20 min, with stirring and cooling in an ice-water
bath, 100 ml of water. Further work-up yielded 117.6 g (97%)
of a white powder: mp 114-121°; nmr (CC14 S5.7 (broad, 1.0)
and 0.9-2.4 ppm (complex, showing equal intensity peaks at
1.20 and 1.30 ppm, 23.1).

Recrystallization from acetone raised the melting point to
121- 122° and afforded an analytical sample.

Anal. Calcd for CiH2ZD2 C, 72.68; H,
C, 72.76; H, 11.41.

2-(2-Propenyl)-4-(2-hydroxy-2-propyl)-l-cyclohexene (2).—
To 15.1 g of alumina (Woelm neutral, activity 1) was added,
with thorough mixing, first 1 ml of pyridine and then 49.2 g of
2,4-di(2-hydroxy-2-propyl)-l-cyclohexene, obtained as described
above, mp 120-122°. The mixture was stirred for 3 hr at 170°
and then cooled and repeatedly extracted -with ether. Work-up
and subsequent distillation at 0.2 mm yielded 3.24 g, bp 75-81°;
1.43 g, bp 82-83°; 11.79 g (49% based on unrecovered diol),
bp 84-85°; and 2.44 g, bp 86-105°;, with 13 g undistilled. The
third fraction was shown to consist of 98% one component by
glpc on column 1 at 190°: ir (film) 2.97, 6.11, 6.21 p; uv max

11.18. Found:

(20) A. S. Lindsey, J. Chem. Soc., 3222 (1958).
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(EtOH) 234 nm (e 16,400); nmr (CDC13) 55.89 (m, 1), 4.99
(m, 1), 4.85 (m, 1), 1.92 (s, 3), and 1.23 (s, 6). Preparative glpc
on column 1at 160° afforded an analytical sample.

Anal. Calcd for CiHZO: C, 79.94; H, 11.18.
C, 79.78; 11, 11.33.

Repeated extraction with hot acetone of both the alumina and
the magnesium sulfate (used as a drying agent) afforded 19.9 g
of a sticky solid which was combined with the distillation residue
and crystallized from acetone; a total of 22.6 g (46%) of start-
ing diol was recovered with mp above 115°.

cis,c?s-1-Hydroxy-6-(2-hydroxy-2-propyl)-4,9-dimethyl-A4(10-
octalin (43).—A solution of 49.6 g (0.250 mol) of 2,4-di-(2-
hydroxy-2-propyl)cyclohexene (mp 115-120°) in 250 g of di-
methyl sulfoxide. (Aldrich) was heated under nitrogen at 130°
for 1.5 hr. The resulting light yellow oil was successively cooled
in an ice-water bath, poured into 1500 ml of water, and ex-
tracted three times with a total of 1000 ml of pentane. The
combined pentane extracts were washed five times with water
and once with brine. After drying, evaporation yielded 42.6 g
(96.7%) of ayelbw, viscous oil: nmr (CC1<) S6.38 (broadened d,
0.17, J = 10 Hz), 5.6 and 5.8 (broad, total integration 1.21),
4.93 (broad, 1.00), 4.78 (broad, 1.0), 4.33 (broad, 0.09), and
0.8-2.9 (complex, with spikes at 1.17 and 1.86 ppm, 28.2).

A mixture of 74.6 g of material similarly obtained, 80.6 g
(0.510 mol) of ethyl a-acetoxyacrylate,2l and 1.4 g of 3,5-di-
fert-butylcatechol (Aldrich) was heated at 110° under nitrogen
for 38 hr, at which time the ir spectrum of the reaction mixture
showed little further change. Heating of the crude product in a
bath at 110° starting at 5 mm and ending at 0.2 mm yielded first
39.9 ¢ of recovered ethyl a-acetoxyacrylate, bp to 76° (5 mm),
and then 9.5 g, bp to 90° (1 mm). Undistilled was 111.4 g of a
yellow glass showing weak nmr signals at 5 6.45 (broad), 6.28
(broad), 5.5 (very broad) and 4.72 ppm, consistent with the pres-
ence of ~11 mol % of isomerized diene and *~4 mol % of de-
hydrated adduct.

To astirred mixture of 25.6 g (0.674 mol) of lithium aluminum
hydride and 1103 ml of anhydrous ether was added dropwise a
solution of the 111.4 g of yellow glass in 880 ml of anhydrous
ether. After 6 hr of stirring at room temperature, 5.2 g (0.137
mol) of additional lithium aluminum hydride was added. After
a total of 14 hr at room temperature, 100 ml of saturated aqueous
magnesium sulfate was added dropwise with stirring, followed by
50 ml of water. After 1 hr 150 g of anhydrous magnesium sul-
fate was added. The mixture was filtered and the solid was
washed with ether. The combined filtrates were dried and evap-
orated, yielding 34 g of a viscous, yellow oil. The solid salt
mixture was then extracted several times with methanol and the
methanol extracts were dried and evaporated. The resulting
white solid was washed with water and then dried at reduced
pressure, affording 35.3 g of triol 22. This was combined with
similar material from another run, and the total of 49.6 g was
recrystallized from 150 ml of methanol, yielding 22.9 g, mp 162-
170°, of afirst crop, and 7.2 g, mp 155-167°, of a second crop of
white crystals.

To a stirred suspension of 21.4 g (84.3 mmol) of crystalline
triol in 300 ml o: methanol was added a solution of 20.0 g (93.5
mmol) of sodium metaperiodate in 100 ml of water. The mixture
warmed slightly on mixing and a voluminous white precipitate
rapidly formed, requiring the addition of another 100 ml of meth-
anol to facilitate stirring. After 1 hr the mixture was poured
into 800 ml of brine containing 6.3 g of dissolved sodium thio-
sulfate. The mixture was extracted with ether and the ether
extracts were evaporated. In order to remove residual methanol
the residual oil was twice treated with 50-ml portions of benzene
and the solvent was removed both times, yielding a yellow oil:
ir (film) 2.94, 5.87 (d,y-unsaturated ketone) with a very small
shoulder at 6.0 ji (a,/3-unsaturated ketone).

To a mixture of sodium hydride (86 mmol from pentane wash-
ing of 3.912 g of sodium hydride dispersion, 50-55% in mineral
oil), 20 ml of methyl iodide, and 20 ml of dimethoxyethane,
stirred under nitrogen and cooled in an ice-water bath, was added,
over 5 min, a solution of 18.73 g of yellow oil, obtained as de-
scribed above (84 mmol based on 3) in 40 ml of dimethoxyethane.
The ice bath was removed and the mixture was allowed to warm
to room temperature and then remain for a total of 16 hr. Vola-
tile compounds were then removed by evaporation and the residue

Found:

(21) The ethyl ester was prepared by the procedure described for the

methyl ester by J. Wolinsky, R. Novak, and R. Vasileff, 3. Org. Chem., 29,
3596 (1964).
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was dissolved in 20 ml of 80:20 ethanol-water, 2 N in potassium
hydroxide, and the mixture was stirred at room temperature
for 9 hr. Work-up yielded 19.9 g of a brown oil (100% based on
monomethylation); glpc on column 2 at 200° showed three sets
of components with retention times of <7 min (6%, dehydrated
products), 7-14.5 min (75%, /3,y-unsaturated ketones), and
14.5-25 min (19%, a,/3-unsaturated ketones). This oil was
combined with material similarly obtained and the total, 29.1 g,
was chromatographed on 1670 g of silica gel (Grace 60/200 mesh)
ina 60 X 7 cm column. The oil was transferred to the column
with a total of 100 ml of carbon tetrachloride (50 + 25 + 25
ml), and development and elution were effected in 22 fractions,
1-20 consisting of 1000-ml portions of 2:3 ether-hexane, yielding
21.7 g of recovered material, 21 of 4000 ml of the same solvent,
yielding 0.59 g, and 22 of 4000 ml of ether, yielding 4.0 g. The
total material recovery was 90%.

Fraction 13 yielded the following data: ir (film) 5.87 (strong)
with 6.04 n (very weak, a,/3-unsaturated ketone contaminant);
nmr (CCl«) 8 0.9-2.9 (complex, with spikes at 1.16 and 1.18,
and a broadened singlet at 1.71 ppm); glpc on column 2 at 190°
one major peak at 8.3 min with a shoulder at 7.5 min (total
96%). Fractions 11-14 (totalling 13.7 g) were analyzed by glpc
and were all found to consist of the same “peak plus shoulder”
with no marked change in relative amounts of the two components
which together accounted for no less than 95% of discernible
peaks in all fractions. The major and minor components in
fractions 11-14 corresponded to dZ-l-oxo-y-eudesmol and dz-
I-oxo-epi-7-eudesmol, respectively, in a combined yield of 44%.

From 410 mg of material similar to that of fraction 13 there was
obtained 408 mg (93%) of crude oxime, mp 145-152°, which af-
forded an analytical sample after crystallization from ethanol-
water and sublimation; mp 153-155°; nmr (CDCI3) 8 1.68
(s, 3), 1.30 (s, 3), 1.30 (s, 3), and 1.23 (s, 6).

Anal. Calcd for CBHANO02 C,71.67;
Found: C, 71.68; H, 10.14; N, 5.57.

To a mixture of 0.837 g (22.1 mmol) of lithium aluminum
hydride and 75 ml of dry dimethoxyethane, stirred under nitrogen
with cooling in an ice-brine bath at —20 to —25°, was added
dropwise over 45 min a solution of 4.88 g of fraction 13 obtained
as described above in 60 ml of dimethoxyethane. The mixture
was allowed to come to room temperature over 4 hr. After 14 hr
at room temperature 0.231 g (6.08 mmol) of additional lithium
aluminum hydride was added. After another 3 hr, work-up
(using saturated magnesium sulfate solution) yielded 4.79 g
(97.4%) of a gummy white solid which was crystallized from 25
ml of ether at —8°. The resulting white solid was recrystal-
lized from cyclohexane and yielded 1.45 g (29%) of 43 as white
plates: mp 124-125°; nmr (CDC15) 8 3.47 (broadened triplet,
1,/ = 7.5 Hz) and 0.8-2.9 (complex, with spikes at 1.01 and
1.21 and broadened singlet at 1.60 ppm, total integration 25).

Anal. Calcd for CiHZ® 2 C, 75.58; H, 11.00. Found:
C, 75.48; H, 10.84.

Wolff-Kishner Reductions.—To a solution of 15.6 mg (0.656
mmol) of cis,cis-I-hydroxy-6-(2-hydroxy-2-propyl)-4,9-dimethyl-
A410-octalin (43), mp 121.5-124°, in 1 ml of acetone was added,
via syringe, 18 *d of 8 N chromium trioxide in aqueous sulfuric
acid.2 The final traces of oxidant yielded a persistent orange
color. Work-up yielded 14.6 mg (94%) of a light yellow oil.

H, 10.02; N, 5.57.

A. —The 14.6 mg obtained as described above was mixed in a

tube with 0.5 ml of triethylene glycol (Aldrich), 5 /d of acetic
acid, and 20 /J of hydrazine hydrate. The mixture was heated
under nitrogen at 75° for 21 hr. The tube was then cooled and
27.2 mg of potassium hydroxide was added. The tube was then
bent and sealed and one end was immersed in a bath at 200° for
6.5 hr so that distillate collected in the other end. Work-up
yielded 8.5 mg (62%) of an oil which, by glpc analysis on column
2 at 140°, consisted solely of dZ-v-eudesmol (41), retention time
16.8 min.

B. —In the same manner 89.0 mg of chromatography fraction

13, obtained as described above, yielded 65.4 mg (78%) of an
oil consisting of 87% dZ-y-eudesmol (41) and 13% dZ-epi-y-
eudesmol (42) by glpc analysis.’6

Cc. —In the same manner 71.0 mg of the total crude reaction

(22) A. Bowers, T. G. Halsall, E, R. H. Jones, and A. J. Lemin, J. Chem.
Soc., 2555 (1953).
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product, obtained in the methylation described above, yielded
57.6 mg (86%) of an oil. Glpc analysis of the ratio of dl-y-
to dZ-epi-y-eudesmol was rendered difficult by broadening and
overlapping of peaks caused by the presence of other components,
but a rough estimate of 15% dZ-epi-y-eudesmol in the mixture was
made.

Tosylate of cis,cis-I-Hydroxy-6-(2-hydroxy-2-propyl)-4,9-di-
methyl-A4'(10-octalin (44).—To a solution of 2.343 g (9.85 mmol)
of diol 43 in 5 ml of pyridine, cooled in an ice bath, was added
2.348 g (12.33 mmol) of p-toluenesulfonyl chloride. The mixture
was warmed momentarily to room temperature to yield a clear
solution which was then stored at 5° for 28 hr. Ten drops of
water were then added and the mixture was shaken intermittently
for 1 hr at room temperature. Work-up yielded 3.14 g (97%)
of a white foam which gave 2.76 g (81%), mp 62-68°, from 10
ml of ether at —8°. Material with this melting point was suit-
able for subsequent reactions; it could be recrystallized from
ether and an analytical sample of 44 was thereby obtained:

mp 67-70°; nmr (CC1,) 8 4.35 ppm (broadened t, 1, J — 7.9
Hz).
Anal. Calcd for C221130,S: C, 67.31; H, 8.22; S, 8.17.

Found: C, 67.22; H, 8.38; S, 8.11.

dz-Hedycaryol (5).—To 5 ml (5 mmol) of a solution of diborane
in tetrahydrofuran (Alpha), stirred under nitrogen and cooled
in an ice-water bath, was added dropwise over 12 min a solution
of 204.8 mg (0.522 mmol) of tosylate 44, mp 62-68°, in 9 ml of
tetrahydrofuran. After 1.5 hr the ice bath was removed, and the
solution was allowed to stand at room temperature for 7 hr; 0.24
ml of w'ater was added dropwise and then 10 ml of 5 N aqueous
sodium hydroxide. The resulting two-phase mixture was heated
at 65° for 13 hr, with stirring under nitrogen. Work up (no
acid washes) yielded 127.6 mg (theoretical 116.2 mg) of a clear
oil: nmr (CCl,) 87-8 (AB, residual tosylate, 1.12), 4.93 (broad,
characteristic of hedycaryol, normalized to 2.0), and 0.6-2.9
(complex, with spikes at 1.17, 1.48, and 2.44 ppm, total integra-
tion 38.6). The oil was stirred with and then separated from
several portions of 20% aqueous silver nitrate solution (total 9
ml). The residual oil was taken up in 5 ml of ether and extracted
with 2 ml of silver nitrate solution as the ether was gently evap-
orated under a stream of nitrogen. This procedure was re-
peated on the remaining gummy material. The combined
aqueous silver nitrate extracts were washed once with ether be-
fore 20 ml of concentrated aqueous ammonia was added. The
resulting milky suspension was extracted several times with
ether and the combined ether extracts, after further work-up,
afforded 59.8 mg (51%) of dZ-hedycaryol: nmr (CCl<) 8 4.93
(broad, 2) and 0.8-2.6 (complex, with a sharp signal at 1.17, less
sharp signals at 1.48 and 1.57, total integration, theoretically
24, 25.7). A weak signal at 0.97 ppm revealed the presence of
no more than 4% of dZ-elemol. In the presence of a pellet of
sodium hydroxide, a 47.6-mg sample of similar material obtained
from another run was subjected to short-path distillation at 0.2
mm from an oil bath at 90-95°: 33.3 mg of distillate was col-
lected; ir (film) and nmr (CC14) spectra matched those of the na-
tural isomer.19

Anal. Calcd for CiHA:
C, 81.18; H, 11.65.

A solution of 52 mg of dZ-hedycaryol (distilled) in 1 ml of cyclo-
hexane was heated at 130° for 16 hr in a sealed tube which had
been subjected to a pretreatment involving an ammonia rinse.
Evaporation of solvent gave a quantitative recovery of material
with an ir matching that obtained from an authentic sample of
Z-elemol;23 nmr (CC14) 8 5.79 (A of AMX, 1.00, Ja = 10.1,
/ ax = 18.0 Hz), 4.5-5.1 (complex, 3.83), and 0.85-2.5 (complex,
with sharp signals at 1.70, 1.15, and 0.97 ppm, total integration
21.7); glpc analysis on column 2 at 137° revealed a major com-
ponent (>95.6%) at 17.9 min with minor components at 15.5
(<0.4%) and 23.0 and 25.5 min (total <4%).

C, 81.02; II, 11.79. Found:

Registry No.—2, 32319-37-2;
5, 32319-39-4; 12, 32319-40-7;
32319-42-9; 22, 32319-43-0;
32319-45-2.

4 oxime, 32319-38-3;
13, 32319-41-8; 15,
43, 32319-44-1; 44,

(23) An ir spectrum of Z-elemol was generously supplied by Dr. T. G.

Halsall, Oxford University.



Novel Protecting Group for Synthesis of V-Alkyl Nucleobases

J. Org. Chem., Vol. 37, No. 1,1972 39

A Novel Protecting Group for the Synthesis of 7a:-D-Pentofuranosylhypoxanthinesl

Y oshihisa Mizuno,* Wongil Limn, Kiyomi Tsuchida, and Kazuyoshi |l keda

Faculty of Pharmaceutical Sciences, Hokkaido University, Sapporo, Japan

Received June 6, 1971

A new protecting group, the l-oxy-2-picolyl (OP) group, has been studied and found to be quite stable both
to alkaline or acid treatment but readily removable by treatment by acetic anhydride at room temperature.
It was found that this protecting group was useful in cases where the benzyl protecting group does not work
well. By the use of this protecting group, 3-benzyluracil (XI11) and 7-benzylhypoxanthine (X1X) have been

prepared which were not obtainable by direct alkylation of their respective parent he,terocycles.

This OP group

has been successfully applied to the synthesis of 7-ce-D-arabinofuranosylhypoxanthine (XXI1V).

The benzyl group is a useful protecting group for hy-
droxyl, sulfhydryl, amino, and imino functions.2 Re-
moval of the benzyl blocking group is usually achieved
by catalytic hydrogenation or by sodium and liquid am-
monia treatment. However, difficulties have been re-
ported3in removing nitrogen-linked benzyl groups from
purine nucleoside derivatives. Montgomery, et al.,0
reported that catalytic débenzylation of 1-benzylino-
sine (1) and 3-benzyl-7-ribofuranosylhypoxanthine (II)
was slow and incomplete resulting in a low yield of the
débenzylation product. Anderson and coworkers4have
also reported that I-benzyl-3-carbomethoxypyrrole
could not be debenzylated even by sodium and liquid
ammonia. Obviously, the wuse of benzyl blocking
groups is precluded for compounds containing func-
tional groups vulnerable to hydrogenation, €.0., 5-iodo-
2'-deoxyuridine.

In addition to the benzyl group, anumber of protect-
ing groups, Viz., propenyl,5 pivaloyloxymethyl,6 and
cyanoethyl,7 have been used to block heterocyclic ni-
trogen and direct the entering group. None of these,
however, are stable enough both to acid and base.

There is an urgent need for a blocking group whose re-
moval and stability are compatible with the base lability
and vulnerability to reduction of pyrimidine nucleosides
and the acid lability of purine nucleosides. Such a pro-
tecting group will be especially useful for the synthesis of
oligonucleotides containing both purine and pyrimidine
nucleosides.

Kobayashi8 has shown that 2-picoline 1-oxide (I11)

(1) Presented in part at the 2nd National Meeting of Heterocyclic
Chemistry at Nagasaki, held in November of 1969.

(2) J. F. W. McOmie, “Advances in Organic Chemistry, Methods and
Results,” Vol. 3, R. A. Raphael, E. C. Taylor, and H. Wynberg, Ed.,
Interscience Publishers, New York, N. Y., 1963, p 191.

(3) (&) J. A. Montgomery and H. J. Thomas, J. Org. Chem., 28, 2304
(1963); (b) J. Amer. Chem. Soc., 87, 5442 (1965); (c) J. Org. Chem., 31,
1413 (1966); (d) M. Rasmussen and N. J. Leonard, J. Amer. Chem. Soc.,
84, 5439 (1967).

(4) H. J. Anderson and S. J. Grifinths, Can. J. Chem., 45, 2227 (1967).

(5) J. A. Montgomery and H. J. Thomas, J. Org. Chem., 30, 3235 (1965).

(6) M. Rasmussen and N. J.. Leonard, J. Amer. Chem. Soc., 89, 5439
(1967).

(7) E. P. Lira, J. Heterocycl. Chem., 5, 863 (1968).

(8) G. Kobayashi and S. Furukawa, Chem. Pharm. Bull., 1, 454 (1953).

was converted in acetic anhydride to 2-pyridylmethyl
acetate (VI, eq 1). Boekelheide9 reported a similar
type of rearrangement with 2-pyridylmethyl acetate
1-oxide (V, eq 2) which was converted to the aldehyde

Q L chDAc

VIl by way cf the diacetate VI. Compound V may be
viewed as a derivative of acetic acid whose hydroxyl
function is protected by the Il-oxy-2-picolyl group,
which can be removed by treatment with acetic anhy-
dride and subsequent mild hydrolysis. These qualities
suggest that the l-oxy-2-picolyl (OP) group may be
useful as an easily removable blocking group for amino
or imino functions. Model studies were carried out
therefore with uracil (VI111) and hypoxanthine to pre-
pare 3-benzyluracil (X 11)10 and 7-benzylhypoxanthine
(X1X).14 The benzyl derivatives were not obtainable
by the direct alkylation of their respective parent hetero-
cycles. 11

Alkylation of the tetraethylammonium salt of uracil
(VI1Il) with 1 equiv of l-oxy-2-picolyl chloride (1X)17

(9) V. Boekelheide and W. J. Linn, 3. Amer. Chem. Soc., 76, 1286 (1954).

(10) Alkylation of uracil may afford mainly 1-substituted uracil. Benzyla-
tion is no exception.11 With excess alkylating agent, 1 substitution may
be accompanied by formation of 1,3-disubstituted uracil.12 Although
relative amounts of 1- and 1,3-disubstituted uracil formed may depend on
the reaction conditions, in any conditions appreciable amount of 3-substi-
tuted uracil was not formed on direct alkylation.122 3-Benzyluracil has
been prepared by an indirect method.13

(11) (a) B. R. Baker and G. B. Chleda, J. Pharm. Sci., 54, 25 (1965);
(b) B. R. Baker and T. J. Schwan, J. Med. Chem., 9, 73 (1966).

(12) A. R. Martinez and W. W. Lee, J. Org. Chem., 30, 317 (1965).

(13) J. B. Johnson and J. H. Derby, Amer. Chem. J., 40, 444 (1909).

(14) (a) R. K. Robins in “Heterocyclic Compounds,” Vol. 8, R. C. Elder-
field, Ed., Wiley, New York, N. Y., 1967, p 372. (b) 7-Benzylhypoxanthine
has been prepared by two independent (indirect) methods.1518

(15) J. A. Montgomery and K. Hewson, J. Org. Chem., 26, 4469 (1961).

(16) J. A. Montgomery and C. Temple, Jr., J. Amer. Chem. Soc., 83,
630 (1961).

(17) P. T. Sullivan, M. Kester, and S. J. Norton, J. Med. Chem., 11, 1171
(1968).
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in DMF afforded a 69% yield of I-(l-oxy-2-picolyl)-
uracil (X). Alkylation of the sodium salt of X with
benzyl chloride gave the 1,3-disubstituted uracil X1 in
fair yield. The structure of X and X1 was based upon
elemental analysis and spectral properties. The condi-

0

Xl

tions required for complete rearrangement of X1 in
acetic or anisic anhydride are listed in Table I. As
shown, X1 was completely rearranged in acetic anhy-
dride under mild conditions (36°, 44 hr) to the corre-
sponding acetate Xla, which in turn was easily hydro-
lyzed to 3-benzyluracil (XX 11) in mild alkaline solution.
When X was treated with anisic anhydride, the rear-
ranged product X 11l was isolated and characterized.
The latter, as expected, was converted into uracil by
mild alkaline treatment.

Alkylation of adenine with l-oxy-2-picolyl chloride
(IX)Ir afforded a 40% yield of 3-(l-oxy-2-picolyl)ade-
nine (XV) along with 20-25% of the 9-substituted iso-
mer.14 Deamination of XV with nitrosyl chloride gave

Mizuno, Limn, Tsuchida, and lkeda

Table |

Conditions Required for Complete Rearrangement of
3-Benzyl-1(l-oxy-2-picolyl)uracil (XI) with Anhydrides

Temp,

Anhydrides® °C Times6
(p-CHsOCelRCOhO 99 (fusion) 5 min
(CIRCO)D 140 (reflux) 5 min
(CIRCOLO 60 6.5 hr
(CIRCOLO 36 44.0 hr

° Uracil derivative (X1) and anhydride employed were 2 and
8.4 mmol, respectively. bTime required for disappearance of
the starting material on tic (silica gel, solvent system CHC13
EtOH 35:5).

an almost quantitative yield of the hypoxanthine deriv-
ative XV 1. Alkylation of the latter with benzyl chlo-
ride gave the 3,7-disubstituted derivative XVII.
Treatment of XV Il with acetic anhydride at room tem-
perature for 13 hr afforded the rearranged intermediate
XVI1Il, which was not isolated but was treated with
aqueous acetic acid to give 7-benzylhypoxanthine
(X1X) in76% yield.

Synthesis of 7-a-D-arabinofuranosylhypoxanthine
(XX1V), a nucleoside closely related to 7-a-D-ribofu-
ranosyladenine (XXV) (a degradation product of pseu-
dovitamin BQ,Bhas been recently achieved.® This
method, however, could not conveniently provide the
large quantities of X X IV needed for our future project:

(18) J. A. Montgomery and H. J. Thomas, J. Amer. Chem. Soc., 85,

2672 (1963).
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a conversion of XX 1V into XXV by way of the corre-
sponding 2',6-anhydro derivative.

In view of the successful synthesis of X I X using the
OP protecting group, we tried the method in the syn-
thesis of X X IV.

XVI

The chloromercuri derivative X X of XV I was pre-
pared and treated with with 2,3,5-tri-O-benzoyl-D-ara-
binofuranosyl bromide (XX 1) to give 3-(l-oxy-2-picol-
yl1)-7-(2,3,5-tri-O-benzoyl-D-arabinofuranosyl)hypoxan-
thine (XXIl) in 70% vyield. After purification by
preparative tic, the blocked nucleoside was treated with
acetic anhydride at room temperature for 40 hr to af-
ford the tribenzoate X X111, which was dissolved in
methanolic sodium methoxide to give a 50% overall
yield (based on X X) of crystalline 7-a-D-arabinofu-
ranosylhypoxanthine (XX 1V) which showed properties
(melting point, mixture melting point, uv, nmr, and
tic) identical with those of an authentic sample pre-
pared according to Thomas and Montgomery.@
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Experimental Section

General.—The infrared spectra were determined using Nihon-
bunko 137B spectrophotometer. Ultraviolet spectra were de-
termined using a Hitachi YM 11-26 spectrophotometer, and nu-
clear magnetic resonance spectra were determined with a Varian
Model A-60 spectrometer in deuterioehloroform. The chemical
shifts are reported in parts per million downfield from tetra-
methylsilane as an internal standard. Paper chromatography
was carried out by ascending technique. Unless otherwise stated,
solvents were removed in a rotary evaporator by a water aspira-
tor (ca. 12mm).

1-(1-Oxy-2-picolylyuracil (xX).—Uracil (VIII, 291 g, 26 mmol)
was dissolved in 300 ml of water containing tetraethylammonium
hydroxide prepared from 5.5 g (26 mmol) of tetraethylammonium
bromide by passing the salt through a column (Dowex-1, OH~
form). The solution was concentrated to dryness and the residue
was dried completely in vacuo. To a solution of the tetraethyl-
ammonium salt of VIII in 100 ml of DMF was added with stir-
ring l-oxy-2-picolyl chlorideT (I1X, 3.71 g, 26 mmol) dissolved in
50 ml of DMF. Stirring was continued overnight at room tem-
perature. The solution was concentrated to dryness and crys-
tallized from 80% aqueous ethanol to give 3.91 g (69%) of X:
mp 242° dec; Rs in BUOH-HjO (84:16) 0.54; uv X'®&2 260,
XSx" 257, X,2 230, ¥,n 237 m/n. The uv spectral behavior
was characteristic for a 1-substituted uracil.

Anal. Calcd for CIHIN303: C, 54.80;
Found: C,54.84; H,4.16; N, 19.23.

3-Benzyl (1-oxy-2-picolyl)uracil (X1).— 1-(I-Oxy-2-picolyl)-
uracil (X) (1.4 g, 6.4 mmol) was dissolved in 30 ml of absolute
methanol containing 0.32 mg (14 mg-atoms) of sodium metal.
To the solution was added 1.77 g of benzyl chloride dissolved in
30 ml of absolute methanol. The solution was heated with stir-
ring at 55-60° for 10 hr. The solution was filtered and the fil-
trate was concentrated to dryness. The residue was triturated
with n-hexane to remove benzyl chloride and collected by filtra-
tion. Crystallization from ethanol afforded an analytical sam-
ple: mp 141°; yield 711 mg (36%); uv X*~2260, xS,2233, x£L"
236 m/i; Ri in BUOH-HD (84:16).

Anal. Calcd for CiHIN® 3 C, 66.00;
Found: C, 65.63; H,4.83; N, 13.62.

3-Benzyluracil.— 3-Benzyl-I-(I-oxy-2-picolyl)uracil (X1) (200
mg) was dissolved in acetic anhydride (3 ml). The solution was
heated under reflux for ca. 5 min and, after cooling, the solvent
was removed in vacuo. The residue was dissolved in 5 ml of
methanol containing 16 mg of sodium and the solution was kept
overnight at room temperature. The solution was neutralized
wifh a resin IRC (H+) and filtered. The filtrate was concen-
trated to dryness and the residue was crystallized from water,
yield 52 mg (40%), mp 175-176°. A mixture melting point with
1-benzyluracil®was depressed about 10°.

An experiment on the same scale was carried out at room tem-
perature for 40 hr. The ir spectrum of the residue obtained by
removal of excess acetic anhydride showed the presence of acetyl
group (1770 cm-1) and the absence of the absorption due to N-
oxide: nmr8217 (s, 3, COCH3), 3.44 (s, 1, NCHO).

The residue was dissolved in water and the water was removed
in vacuo. During this process hydrolysis of Xla took place to
give 3-benzyluracil (X11),13 which was crystallized from water,
100mg (80%), mp 175-176°.

Isolation of the Rearranged Product X111.—A mixture of 438
mg (2 mmol) of I-(l-oxy-2-picolyl)uracil (X) and 2.4 g of anisic
anhydride was heated at 100° for 5 min. After cooling, the
mixture was dissolved in chloroform. The product was isolated
over a silica gel column (eluting system CHCI3EtOH 38:2).
The eluate containing X111 was collected and concentrated in
vacuo to dryness. Crystallization from ethanol afforded an ana-
lytical sample (236 mg, 33%): Rt in water (adjusted to pH 10)
0.62; ir 1730 cm-1 (CO of p-methoxybenzoate); mp 173-174°.

Anal. Calcd for CiHBEND,: C, 61.19; Il, 4.25; N, 11.90.
Found: C, 61.16; H, 4.47; N, 11.86.

Preparation of Uracil from XI111.—Compound XIIl (100 mg)
was dissolved in 5 ml of 2.0 IV methanolic sodium methoxide.
The solution was kept at room temperature overnight and then
neutralized with a resin (IRC, H+ form). The solution was fil-
tered and the filtrate was concentrated to dryness. The residue
was crystallized from water to give uracil in quantitative yield.
Structural confirmation rests upon uv spectral properties.

H, 4.11; N, 19.18.

H,4.89; N, 13.57.

(19) H. J. Wheeler and J. B. Johnson, Amer. Chem. J., 42, 30 (1909).



42 J. Org. Chem., Vol. 37, No. 1, 1972

3-(1-Oxy-2-picolyl)adenine Hydrochloride.—To a solution of
9.5 g of adenine (X1V) in 520 ml of dimethylacetamide (DMA)
was added 9.5 g of 2-picolyl chloride 1-oxide (1X). The solution
was kept at 65° for 2 days and then at 75° for 2 days. The solu-
tion was concentrated to dryness and the residue was triturated
with 70 ml of water. A solid deposited which was collected by
filtration and recrystallized from aqueous ethanol to afford an
analytical sample: yield 40%; mp 245-246°; uv X* 1263, 275

mp (sh).
Anal. CalcdforC,iHioN®-HCI: C, 47.23; H, 3.96; N, 30.05;
01,12.76. Found: C, 47.34;H, 3.95; N, 29.91; ClI, 12.57.

3-(I-Oxy-2-picolyl)adenine (XV).—The above hydrochloride
(3.7 g) was dissolved in 250 ml of water. The solution was ad-
justed to pH 8 with ammonia upon which a solid deposited which
was collected by filtration and recrystallized from aqueous eth-

anol: vyield 3.0g (95%); mp 285-288°; uv 276, X", 12262 mM
Anal Calcd for CnHIONB: C, 54.54; H, 4.16; N, 34.70.
Found: C, 54.62; H, 4.00; N, 34.73.

3-(I-Oxy-2-picolyl)hypoxanthine (XVI1).—To a suspension of 1
g of XV in 20 ml of DMF was added with stirring 1 ml of ni-
trosyl chlorideDat —5 to —10°. After 30 min, another 1 ml of
nitrosyl chloride was added at the same temperature. The solid
dissolved gradually with evolution of nitrogen. After 1 hr, com-
plete solution resulted. The reaction mixture was then kept at
room temperature. During this time a solid deposited which was
collected by filtration. The filtrate was concentrated to deposit
a further crop. The combined crops were washed with a small
volume of cold ethanol and dried: vyield 1.04 g (97%); R(in Bu-
OH-1HO (84:14) 0.11; uv X°*“X 256, X°t12259 mM
To a suspension of 1.79 g (6.4 mmol) of the hydrochloride of
XV1 in 25 ml of methanol was added 6.4 ml of 1V methanolic
sodium methoxide at 0°. A solid deposited and was collected by
filtration. Crystallization from aqueous ethanol afforded an
analytical sample: yield 1.02 g (66%); mp 271-273°;, uv x",
258,xS,2256,xf,,2259mM
Anal. Calcd for C,HIN®D 2 C, 54.32; H, 3.73; N, 28.80.
Found: C, 54.30; H, 3.371; N, 28.60.
3-(I-Oxy-2-picolyl)-7-benzylhypoxanthine (XVII).—3-(I-Oxy-
2-picolyl)hypoxanthine hydrochloride (364.8 mg, 1.5 mmol) was
treated with 379.5 mg (3 mmol) of benzyl chloride in 6 ml of di-
methylacetamide in the presence of 414 mg (3 mmol) of potas-
sium carbonate. The mixture was kept at 85° for 21 hr. After
completion of the reaction (Ri value of product in BUOH-HD
86:14, 0.60), inorganic material was removed by filtration. The
filtrate was concentrated to dryness in vacuo and the residue was
triturated with ether and then crystallized from a mixture of
ethanol and acetone. Prism-like crystals were obtained: yield
262 mg (52.4%); mp 215° uv X*°H266, x f/ 261, 259 mM
Anal. Calcd for CIHIEN®2: C, 64.85; H, 4.54; N, 21.01.
Found: C, 65.13; 11, 4.46; N, 20.83.
7-Benzylhypoxanthine (X1X).—3-(I-Oxy-2-picolyl)-7-benzyl-
hypoxanthine (100 mg) was dissolved in 7 ml of acetic anhydride.
The solution was kept at 23° (room temperature) with stirring for
13 hr. The solvent was removed at 45° (bath temperature) in
vacuo to afford crude product, which was crystallized from aque-
ous ethanol: 52 mg (76.7%); mp 277-279°;, uv X*,2 255,
X" " 265, 258 mM
Anal. Calcd for C,2HiON4D: C, 63.70; H, 4.46; N, 24.77.
Found: C, 63.57; H, 4.21; N, 24.91.
Chloromercuri-3-(l-oxy-2-picolyl)hypoxanthine (XX).—To a
suspension of 572 mg (2.35 mmol) of 3-(l-oxy-2-picolyl)hypo-

(20) H. Siegel and H. Brintzinger, Helv. Chim. Acta, 48, 433 (1965).
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xanthine (XV1) in 60 ml of water was added 2.35 ml of 1 N so-
dium hydroxide solution. To the solution was added with stir-
ring a solution of 638 mg (2.35 mmol) of mercuric chloride in 40
ml of water to give a precipitate which was collected by filtration,
washed successively with water, ethanol, and ether, and dried,
yield 904 mg (85%).

3-(1-Oxy-2-picolyl)-7-(2,3,5-tri-0-benzoyl-a-D-arabinofuran-
osylhypoxanthine (xxi11).—A mixture of 884 mg of chloromer-
curi-3-(l-oxy-2-picolyl)hypoxanthine and 884 mg of Celite in 70
ml of dry xylene was azeotropically dried by distilling 30 ml of the
solvent. To the mixture was added with stirring at reflux tem-
perature a solution of 960 mg of 2,3,5-tri-O-benzoyl-D-arabinosyl
bromide (XX 1)2lin 13 ml of dry xylene. Stirring was continued
for 70 min. After cooling the gray mixture was filtered and the
insoluble material was washed with three 15-ml portions of chloro-
form. Xylene was removed in vacuo to leave a gummy residue
which was dissolved in chloroform (20 ml). The chloroform solu-
tion was then washed with 80 ml of 30% potassium iodide, then
with water, and dried (sodium sulfate). After filtration, the fil-
trated was concentrated to dryness in vacuo and the residue was
washed with 20 ml of ether to remove sugar, crude yield 773 mg.

7-a-D-Arabmofuranosylhypoxanthine (xx1v)— Compound
XX 11 (200 mg) was dissolved in 10 ml of acetic anhydride. The
solution was kept at room temperature for 18 hr, after which the
solvent was removed at 40° in vacuo. The residue was purified
by tic (silica gel, 30 g), yield 120 mg (72%). 7-(2,3-5-Tri-0-
benzoyl-a-D-arabinosyl)hypoxanthine (XXI11) was dissolved in 4
ml of methanol containing 0.1 ml of 1 N methanolic sodium
methoxide solution. The solution was heated for 30 min and then
treated with 10 ml of water and neutralized with a resin, Dowex
50W (H+form). The resin was filtered and washed with aqueous
methanol. The combined washings and filtrate were concentrated
to dryness in vacuo. The residue was dissolved in 13 ml of water.
The aqueous solution was extracted with equal volume of chloro-
form and the aqueous layer was concentrated to dryness. The
residue was crystallized from water, mp 173-175°, and a mixture
melting point with an authentic sample showed no depression,
[a] 20 28° (c 0.34, HD). LiteraturedRi values in three different
systems were identical with those of an authentic sample.

Ri
Authentic
Solvent system XXV sample
mBuOH-HD (86:14) 0.10 0.10
n-ProH-HD (3:1) 0.20 0.21
HD (pH 10 with NHIiOH) 0.77 0.77
Registry No.—X, 32298-59-2;; X1, 32298-60-5;
X111, 28734-85-2; X111, 32298-62-7; XV, 32298-63-8;
XV HC1, 32298-64-9; XVI1, 32298-65-0; XVII,

32298-66-1; X1X, 6991-06-6; XX IV, 10280-02-1.
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Cyclizations of 3-(1,2,3,4-tetrahydrocarbazol-l-yl)prop-I-yl tosylate (1) and its A'-methyl derivative 2 have

been examined as model reactions for the synthesis of indole alkaloids bearing a C-16 to C-7 bond.

The action of

potassium ierf-butoxide or ethylmagnesium bromide cyclizes tosylate 1to 6fl-1,2,3,3a,4,5-hexahydropyrido[3,2,I-
jk] carbazole (12) resulting from nucleophilic displacement by nitrogen. Formolysis of the A-methyl tosylate 2 gives

the unstable 7i?-2,3,3a,4,S-hexahydrocylopenta[d] carbazole as the major product.

Deuterium-labeling studies

show that this reaction proceeds to the extent of about 70% by electrophilic attack at the p position of the

indole ring.

Formolysis of 2 thus proceeds via an intermediate which has four of the five rings common to the

skeleton of deacetylakuammiline and related indole alkaloids bearing a C-7 to C-16 bond.

The echitamine structure2provided the first example
of a group of indole alkaloids bearing a C-16-C-7 bond.
A number of these alkaloids are now known3 and their
synthesis has proved to be a very difficult task. These
compounds are almost certainly derived in nature by
cyclization of a corynantheine derivative.4

The great susceptibility of indoles to electrophilic
attack at the 3 position suggests a carbonium ion re-
action for the formation of another bond at the 3 po-
sition of a 2,3-disubstituted indole. However, a car-
bonium ion reaction would be an impossible model for
the biosynthetic formation of the C-7 to C-16 linkage
owing to the difficulty of generating a positive charge
on C-16, which
Nevertheless, a

is attached to two carbonyl groups.
carbonium ion reaction might be
adapted to the in Vvitro synthesis of this group of com-
pounds.

To test this possibility, we have examined the cycli-
zation of the two tetrahydrocarbazole tosylates 1 and
2 which could lead to tetracyclic materials containing

3, R=H
1LR=H 4,R=CHS3

2,R=CH3

(1) The authors gratefully acknowledge financial supportfrom the National
Institutes of Health (Grant HE 90521) and a Public Health Service Career
Program Award (1-K3-NB-28.105) from the National Institute of Neurologi-
cal Disease and Blindness.

(2) J. A. Hamilton, T. A. Hamor, J. M. Robertson, and G. A. Sim,
J. Client. Soc., 5061 (1962).

(3) J. E. Saxton, “The Alkaloids,” R. H. F. Manske, Ed., Academic
Press, New York, N. Y., 1968, p 501.

(4) A. I. Scott, Accounts Chem. Res., 3, 151 (1970).

four of the five rings making up the skeleton of de-
acetylakuammiline-related indole alkaloids.

The synthesis of the alcohol from which tosylate 1
was prepared was attended by some unexpected diffi-
culties. The obvious approach involves reduction of
the well-known 3-(1,2,3,4-tetrahydrocarbazol-l-yl)pro-
pionic acid5 '5) or its methyl ester 6. Lithium alu-
minum hydride reduction of the acid 5 afforded a mix-
ture from which the hydroperoxyindolenine 7 was
obtained. Since this reduction did not appear to be a
very clean reaction in any case, some other reductions
were examined.

OOH

6,R = CH3

Lithium aluminum hydride reduction of the ester 6
gave the cyclic carbinol amine 8 in reasonable yield,
whereas reduction of the acid 5 with diborane resulted
in cyclization and reduction of the indole double bond
to give the known 677-1,2,3,3a,4,5,11b,llc-octahy-
dropyrido [3,2,l-//cJcarbazole5 (9) in good yield.

<XO

A thorough study of the reduction of 5 and 6 was
not attempted, since another synthetic route appeared
quite attractive. The synthesis of the desired 3-
(1,2,3,4-tetrahydrocarbazol-l-yl)propan-l-ol (10) was
achieved employing 9-ethoxy-l-oxadecalin6in a Fischer
indole synthesis.

(5) H. T. Openshaw and R. Robinson, J. Chem. Soc., 941 (1937).
(6) H. Obara, Nippon Kagaku Zasshi, 82, 60 (1961).
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The synthesis of the analogous IV-methyl compound,
3- (1,2,3,4-tetrahydro-9-methylcarbazol- I-yl)propan-
I-ol (11), was completed by a lithium aluminum hy-
dride reduction of the corresponding ester. Lithium
hydride reduction proceeded smoothly
and the Af-methyl group obviated the difficulties en-
countered in the reduction of 5 and 6. Carbinol 10
and its iV-methyl derivative were obtained as oils but
the corresponding tosylates, obtained by the action
of pyridine and p-toluenesulfonyl chloride, were nicely
crystalline.

Treatment of tosylate 1 with potassium ZerZ-butoxide
in ZerZ-butyl alcohol gave a quantitative yield of the
known tetracyclic indole derivative 12 identified from
its spectroscopic properties and melting point.5 The
action of ethylmagnesium bromide on 1 afforded the
same product 12 in 90% vyield.

aluminum

Since these reactions showed no sign of reaction at
the d position of the indole ring, we turned our atten-
tion to the fV-methyl tosylate 2. Solvolysis of 2 in
formic acid affords as a major product, in up to 65%
yield, an unstable base whose ultraviolet spectrum
indicates that it is an alkylidene indoline. The pmr
spectrum which shows a triplet at 5 4.75 ascribed to a
vinyl proton indicates that the material is not related
to structure 4 in any event. The spectroscopic evi-
dence and mechanistic considerations lead to structure
13 for the alkylidene indoline.

The material was characterized after catalytically
reducing the enamine double bond to give the dihydro
compound 14. The structure was secured by inde-
pendent synthesis involving a Fischer indole conden-
sation employing perhydro-4-indanone and a-methyl-

phenylhydrazine.

Or™ -+C o ~
ch3 T
0
The material obtained from the Fischer indole

synthesis and reduction was identical with the reduced
solvolysis product.
The results of the solvolysis of 2 pose an important

mechanistic question. The simplest possible analysis

Dolby and Esfandiari

indicates two
(Scheme 1).

pathways for the formation of 13

Scheme |

Pathway I, involving initial bond formation at the
a position of the indole ring, leads to 13 with only one
rearrangement. Pathway II
ments after initial

requires two rearrange-
bond formation at the 3 posi-
Deuterium labeling can be applied to make a
straightforward distinction between the two pathways.
Considering the possibilities using tosylate 2 labeled
with deuterium at the carbinol carbon atom, pathway
I would surely result in the loss of at least one deuterium
and possibly showr loss of both deuteriums by a sub-
sequent exchange.

However, pathway Il would involve the formation
of 4 as an intermediate, redrawn above to emphasize
its symmetry. In fact, carbons a and b are equivalent
in structure 4 and assuming equal probability for mi-

tion.

gration, 13 would be formed as an equimolar mixture
of doubly and singly deuterated species which would
lead to undeuterated material by exchange. If path-
way Il was the only mechanism operative, then the
product should contain 50% of doubly deuterated
material with the remaining material consisting of
singly deuterated and undeuterated material.

Solvolysis of the deuterated tosylate did give a mix-
ture of doubly and singly deuterated material along
with undeuterated material. For the purposes of the
analysis, it was assumed that the deuterated tosylate
15 contained exactly two deuteriums. The material
was not conveniently analyzed by mass spectrometry,
but the pmr spectrum showed no signal for carbinol
protons. Twm solvolysis experiments wrere carried
out. In one experiment the crude solvolysis product
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was hydrogenated and separated by preparative tic to
give labeled 14. To guard against any peculiar deu-
terium exchange associated with catalytic reduction,
the crude solvolysis product from the second experi-
ment was reduced with sodium borohydride and then
separated as before. The reduced solvolysis products
were analyzed by mass spectrometry. Labeled 14
from the first experiment showed 55% undeuterated
material, 8% monodeuterated species, and 37% of
dideuterated material. The second experiment gave
material which was 51% undeuterated, 15% mono-
deuterated, and 34% dideuterated. The fact that
different amounts of undeuterated and monodeuterated
material were obtained in the two experiments is not
surprising, since the undeuterated material is formed
by an exchange reaction and the extent of deuterium
loss would be affected by a number of variables. Im-
portantly, the fraction of dideuterated material was
very nearly the same in both experiments.

Within the simplified mechanistic scheme, the la-
beling results indicate that about 70% of the reaction
leads to 13 through the symmetrical indolenine in-
termediate 4. It may be that more of the reaction
proceeds by initial attack at the 3 position to give an
unsymmetrical intermediate related to 4. However,
the simplest explanation is that the remainder of the
reaction takes place by initial attack at the a position
of the indole ring. That the predominant course of
the reaction involves electrophilic attack at the /3 po-
sition of the indole ring is completely consistent with
the studies of Jackson and his colleagues on electro-
philic substitution of substituted indoles.7 The re-
sults indicate that a carbonium ion reaction may be
applied to assembling indole alkaloids bearing a C-16-
C-7 bond. Further studies in this direction are in
progress.

Experimental Section8

3-(1,2,3,4-Tetrahydro-4a-hydroperoxycarbazolinin-l-yl)propan-
I-ol.—To a suspension of lithium aluminum hydride (12.16 g,
0.32 mol) in dry tetrahydrofuran (500 ml) was added 38.8 g
(0.16 mol) of 3-(1,2,3,4-tetrahydrocarbazol-l-yl)propionic acid,
prepared as previously described .5 The mixture was heated under
reflux for 3 hr, after which the cooled reaction mixture was
treated with water and sodium hydroxide.9 The alumina was
separated and the solvent was evaporated to yield a brownish
oil (36 g). The oil was chromatographed on silica gel (500 g).
Elution with 50% benzene-chloroform (1000 ml) afforded 21.6 g
of material which deposited 3.5 g of crystalline material from
benzene solution. Recrystallization from ethyl acetate gave pure
hydroperoxyindolenine 7: mp 134.5-135°; ir 1580 cm-1;
pmr (CD3sSOCD3) S0.80-3.70 (complex multiplets, 13H); 4.10-
4.60 (complex multiplet, 1 H), 6.80-7.20 (complex multiplets,
4 H), 11.6 (s, 1 H); uvXm, 255 nm (e 5070); ARt -“QL 284 nm
(f 7160); mass spectrum intense peak at m/e 245 (M — O-).

Anal. Calcd for CEHINO3: C, 68.94; H, 7.33; N, 5.36.
Found: C, 68.98; H, 7.02; N, 5.28.

(7) A. H. Jackson and B. Naidoo, Tetrahedron, 25, 4843 (1969), and
previous papers in the series.

(8) All melting points and boiling points are uncorrected. Reactions in-
volving strong bases or organometallic reagents were carried out under nitro-
gen. Infrared spectra were determined with a Beckman IR-5a infrared
spectrophotometer. Ultraviolet spectra were determined in 95% ethanol
with a Cary Model 15 spectrophotometer. Proton magnetic resonance
spectra were determined at 60 MHz with a Varian Model A-60 spectrometer.
The chemical shifts are recorded in 8 values (parts per million) relative to
tetramethylsilane internal standard. The mass spectra were obtained with
a CEC Model 21-110 mass spectrometer equipped with a direct inlet system
at an ionizing potential of 70 eV.

(9) L. J. Amundsen and L. S. Nelson, J. Amer. Chem. Soc., 73, 242
(1951).
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6H-1,2,3,3a,4,5-Hexahydropyrido[3,2,1-jk]carbazol-6-0l (8).—
A mixture of methyl 3-(1,2,3,4-tetrahydrocarbazol-I-yl)propio-
nate (3.00 g, 0.012 mol) prepared by Fischer-Spier esterification
of the acid, lithium aluminum I~dride (1.9 g, 0.05 mol), and dry
ether (50 ml) was heated under reflux for 10 hr. The usual
work-up afforded 2.6 g of pale yellow oil which was recrystallized
from benzene-petroleum ether (bp 30-60°) to give the pure tetra-
cyclic alcohol 8 (1.5 g, 56%); mp 134-136° ir 3500,
1600 cm-1; pmr (CDC13) 50.8-3.0 (complex multiplets, 12 H),
5.0-5.6 (m, 111), 7.0-7.7 (m, 4 H); uv Arex222 nm (e 29,035),
235 (18,300), 283 (8610); mass spectrum molecular ion at m/e
227.

Anal. Calcd for CV,H,NO: C, 79.26;
Found: C, 79.54; H, 7.42; N, 6.25.

6/7-1,2,3,3a,4,5,11b, 1lc-Octahydropyrido [3,2, I-jk] carbazole
(9).— A solution of 3-(1,2,3,4-tetrahydrocarbazol-l-yl)propionic
acid (2.43 g, 0.01 mol) and diborane (0.83 g, 0.03 mol) in dry
tetrahydrofuran (100 ml) was stirred at room temperature over-
night. The reaction mixture was hydrolyzed with methanolic
hydrochloric acid and processed to give the title compound (1.28
g, -59%); mp 75-77° after crystallization from petroleum ether
(lit5mp 81-82°); uv Xre* 255 nm (e 10,550), 296 (2700); mass
spectrum molecular ion at m/e 213.

Anal. Calcd for CHHIN: C, 84.46;
Found: C, 84.69; H, 8.98; N, 6.60.

3-(1,2,3,4-Tetrahydrocarbazol-l-yl)propan-I-ol.—A solution of
9-ethoxy-1l-oxadecalin (11.2 g, 0.065 mol), prepared by the
procedure of Obara,6and phenylhydrazine (7.0 g, 0.065 mol) was
heated at 100-120° for 2 hr. The reaction mixture was treated
with 20% sulfuric acid (250 ml) and heated slowly to 80° and
then at 100° for 10 min. The reaction mixture was diluted with
water and extracted with chloroform to give a dark red oil (8.4
g) which was chromatographed on Florisil (600 g). Elution with
44% benzene-chloroform (2000 ml) afforded 5.7 g of the title
compound as a pale yellow oil: ir >wd3 3700-3200 cm-1; uv
Xmex 225 nm (c 20,500"), 283 (4900); pmr (CDC13 50.8-2.2 (m,
8 H), 2.3-2.9 (broad, 3 H), 3.25 (s, 1 H), 3.45-3.7 (m, 2 H),
6.8-7.5 (m, 4 H), 8.35 (s, 1 H); mass spectrum molecular ion
m/e 229. The material was used in the next step without further
characterization.

3-(1,2,3,4-Tetrahydrocarbazol-l-yl)prop-l-yl Tosylate (1).—A
solution of p-tcluenesulfonyl chloride (1.9 g, 0.01 mol) in dry
pyridine (10 ml) was added dropwise at 0° to a solution of the
alcohol 10 (2.3 g, 0.01 mol) obtained above in pyridine (5 ml).
The reaction mixture was refrigerated overnight and processed
in the usual manner to afford the crude tosylate (3.0 g) as a
light oil. The oil was chromatographed on Florisil (200 g); elu-
tion with 850 ml of 8% benzene-chloroform yielded 1.6 g (42%)
of pure tosylate 1. mp 84-86° from petroleum ether-benzene;
ir ~ “ds 3450, 1600, 1360, and 1175 cm-1, pmr (CDC13) S1.20-
2.2 (m, 8 H), 2.40 (s, 3 H), 2.50-3.00 (m, 3 H), 3.90-4.25 (un-
defined triplet, 2H), 7.0-8.0 (m, 9 H); uv Xmax226 nm (c 43,170),
282 (6800).

Anal. Calcd for C2HANS03: C, 68.91; H, 6.57; N, 3.65;
S, 8.34. Found: C, 68.81; H, 6.45; N, 3.56; S, 8.52.

Ethyl 3-(1,2,3,4-Tetrahydro-9-methylcarbazol-l-yl)propionate.
—A solution of ethyl 3-(2-oxocyclohexyl)propionate (5.0 g,
0.025 mol) and a-methylphenylhydrazine (3.05 g, 0.035 mol) was,
dissolved in 10 g of polyphosphoric acid. The mixture was
gently warmed on the steam bath until the temperature began
to rise rapidly. The mixture was cooled with cold water and
then diluted whh 100 g of ice-water. Extraction with methylene
chloride afforded 5.25 g of crude product which was chromato-
graphed on Florisil (600 g). Elution with 4 1 of petroleum ether
gave 3.4 g (48%) of the ester 11 as an oil; pmr (CDC13) 5 1.17
(t, / = 7 Hz,3 H), 1.5-3.0 (m, 11 H), 3.5 (s, 3 H), 4.1 (q,
/| = 7 Hz, 2H), 7.2 (m, 4 H); uv, typical indole absorption.

3-(1,2,3,4-Tetrahydro-9-methylcarbazol-l-yl)propan-l-ol.—
The ester (4.85 g, 0.017 mol) was heated under reflux for 2 hr
with lithium aluminum hydride (0.76 g, 0.02 mol) in anhydrous
ether. The usual isolation afforded 3.7 g (90%) of the crude
alcohol as an oil which was used directly in the next step.
3-(1,2,3,4-Tetrahydro-9-methylcarbazol-I-yl)prop-1-yl Tosylate
(2).— A sample (3.7 g) of the crude alcohol 11, obtained above,
was converted to the tosylate as described for tosylate 1. The
crude tosylate (4.5 g) was chromatographed on 500 g of Florisil.
Elution with benzene (1800 ml) gave 2.33 g of the desired tosylate,
which crystallized from benzene-hexane after 2 weeks in the
refrigerator. Recrystallization from absolute ethanol gave pure
2 as white crystals: mp 63-65°; pmr (CDC13) 5 1.3-2.0 (com-

H, 7.54; N, 6.16.

H, 8.98; N, 6.57.
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plex multiplets, 8 H), 2.33 (s, 3 H), 2.5-3.0 (broad, 3 H), 3.52
(s, 3H), 4.05 (t,/ = 6Hz, 2H), 7.1-7.9 (m, 8 H); uv 226
nm (e 44,643), 283 (6420).

Anal. Calcd for CZHZNS03: C, 69.50; H, 6.85; N, 3.52;
S, 8.05. Found: C, 69.61; H, 7.07; N, 3.39; S, 8.22.

The deuterated material, 3-(1,2,3,4-tetrahydro-9-methylcarb-
azol-l-yl)propyl tosylate-7,I-d%, was prepared as just described
using lithium aluminum deuteride for the reduction of ethyl 3-
(1,2,3,4-tetrahydro-9-methylcarbazol- 1-yl)propionate.

677-1,2,3,3a,4,5-Hexahydropyrido[3,2,1-jk]carbazole (12).—A
solution of 1 (0.192 g) in 10 ml of 0.5 M potassium iert-butoxide
in ¢erf-butyl alcohol was heated under reflux for 10 hr. The
alcohol was evaporated under reduced pressure and the residue
was treated with dilute hydrochloric acid and extracted with
ether. Evaporation of the ether afforded 0.106 g (100%) of the
carbazole derivative 12: mp 82-84° after crystallization from
hexane (lit.6 mp 87-88°); pmr 5 0.8-4.5 (complex multiplets,
13 H), 7.0-7.65 (m, 4 H); mass spectrum molecular ion at m/e
211.

Anal. Calcd for CisHnN: C, 85.26;
Found: C, 84.93; H, 8.25; N, 6.43.

A similar result obtained upon treatment of tosylate with
ethylmagnesium iodide in ether solution.

Formolysis of 3-(1,2,3,4-Tetrahydro-9-methylcarbazol-I-yl)-
prop-l-yl Tosylate (2).—Tosylate 2 (0.200 g, 0.005 mol), 88%
formic acid (10 ml), and benzene (3 ml) were heated under reflux
overnight. The cooled reaction mixture was diluted with 10 ml
of 10% hydrochloric acid and washed with ether. The aqueous
portion was basified with 20% sodium hydroxide solution and
extracted with ether to give 0.090 g of a yellow oil which was
subjected to preparative tic on silica gel with benzene. The
compounds were observed; the major product, with an inter-
mediate Rt, was collected (0.046 g, 41%) as a colorless oil which
quickly changed to cherry red on exposure to air; ir fmal 1670,
1600 cm-1; pmr 5 0.8-3.4 (comlex multiplets, 11 H), 2.92 (s,
3 H), 475 (t, 3 = 5Hz, 1H), 6.3-7.30 (m, 4 H); uv Xm, 248
nm (« 60,200), 287 (2350); mass spectrum molecular ion m/e 225.

A sample of the product 13 (0.217 g, 0.964 mmol) obtained as
just described was hydrogenated in ethanol (100 ml) over 10%
palladium on carbon at atmospheric pressure. After hydrogen
uptake ceased, the catalyst was filtered and the solvent was
evaporated to yield 0.195 g of oil which was crystallized from
ethanol to give pure 14: mp 27-29°; ir bmex 1600 cm-1; pmr
5 1.15-2.5 (complex multiplets, 13 H), 2.68 (s, 3 H), 3.0 (t,
J - 25 Hz, 1H), 6.4-7.3 (m, 4 H); uv Xre* 255 nm (e 7700),
262 (8880), 267 (7100); mass spectrum molecular ion at m/e 227.

Anal. Calcd for CMH~N: C, 84.53; H, 9.31; N, 6.16.
Found: C, 84.76; H, 9.21; N, 6.12.

The methiodide of 14, mp 203-204° dec, from ethanol, was
obtained by treating 14 with methyl iodide in benzene solution.

H, 3.11; N, 6.63.

Romeo and Paradisi

Anal. Calcd for C,H2NI: C, 55.28; 1Il, 6.50; N, 3.80;
1, 34.42. Found: C, 54.97; H, 6.68; N, 3.54; |, 34.46.

Perhydro-4-indanone.—Commercially available 4-indanol (20
g, 0.149 mol) in ethanol (200 ml) was hydrogenated over 5%
Rh/C (1.5 g) at 60 psi for 15 hr. The catalyst was filtered and
the solvent was evaporated to give 19.5 g of crude perhydro-4-
indanol: pmr (CCh) S1.8-2.4 (complex multiplets, 14 H), 3.3-
4.2 (m, 21T).

The crude perhydro-4-indanol (19.5 g) was dissolved in acetone
(200 ml) and stirred with 8 N chromic acid (50 ml) for 1 hr at 0°.
The usual isolation and distillation afforded 14.0 g (68% based
on 4-indanol) of perhydro-4-indanone, bp 100-104° (12 mm),
ir 1710 cm-1.

777-2,3,3a,4,5,6 ,6a-Octahydrocyclopenta[<7]carbazole (14).—A
solution of perhydro-4-indanone (1.38 g, 0.01 mol) and a-
methylphenylhydrazine (1.22 g, 0.01 mol) was heated at 120-
125° for 2 hr. The crude phenylhydrazone was dissolved in
acetic acid (3.0 g) and heated at 90° for 2 hr. The reaction
mixture was diluted with water and washed with ether. The
aqueous phase was then basified and extracted with ether to give
1.15 g (51%) of crude 13 as a red oil. The spectral properties of
this material were virtually identical with those obtained from
the solvolysis of 2. The crude material was hydrogenated over
Pd/C as previously described. The hydrogenation product was
purified by preparative tic on silica gel using benzene as eluent.
The major product (0.596 g, 53%) was identical with the sample
previously obtained.

Solvolysis of 3-(1,2,3,4-Tetrahydro-9-methylcarbazol-1-yl)pro-
pyl Tosylate-7,7-72—Two samples of deuterated tosylate were
solvolyzed in benzene-formic acid as previously described. In
one experiment the crude product was hydrogenated over 10%
Pd/C and separated by preparative tic (silica gel-benzene).
In the other experiment, the crude product was reduced with
excess sodium borohydride in ethanol. The deuterated products
were obtained in 40 and 65% yields, respectively, from the two
experiments. The distributions of labeled material were com-
puted from the 70 eV mass spectra. Under these conditions, the
m — 1peak for the parent compound was 9% of the parent peak.
The calculations were carried out as described by Biemann .10

Registry No.—1, 32251-92-6; 2, 32251-93-7; 7,
32251-94-8; 8, 32251-95-9; 9, 32251-96-0; 10, 32251-
97-1; 11,32251-98-2; 12,32251-99-3; 13,32252-00-9;
14 methiodide, 32252-01-0; echitamine, 23106-72-1.

(10) K. Biemann, "Mass Spectrometry, Organic Chemical Applications,
McGraw-Hill, New York, N. Y., 1962, p 204.
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The reduction of 6/3-methoxy-3a,5-cvclo-5a steroids with lithium aluminum hydride-aluminum chloride mix-

tures gives 3a,5-cyclo-5a steroids as the major product.

The mechanism of the reaction is discussed. The

reduction of cholesteryl tosylate with lithium aluminum hydride and mixed lithium aluminum hydride-aluminum

chloride is also considered.

In the past few years considerable attention has
been paid to the use of lithium aluminum hydride-
aluminum chloridel as a reagent capable of reducing a
large number of functions insensitive to lithium alu-
minum hydride; awell-known example is the reduction
with mixed hydride of allylic and benzylic alcohols.2

(1) E. L. Eliel, rec. chem. Progr., 22 (3), 129 (1961); M. N. Rerick in
Augustine’s "Reduction,” Vol. 2, Marcel Dekker, New York, N. Y., 1968.

(2) J. Broome, B. R. Brown, A. Roberts, and A. M. S. Whithe, 5. chem.
soc., 1406 (1960); R. F. Nystrom and C. R. A. Berger, 3. Amer. Chem. Soc.,
80, 2896 (1958).

In view of the unique electronic structure and the
unusual properties of the cyclopropane ring, we decided
to investigate the reactivity of several cyclopropyl-
carbinyl derivatives toward Ilithium aluminum hy-
dride-aluminum chloride.

Preliminary work on 3a,5-cyelo-5a-cholestan-6d-ol
showed that the reduction with mixed hydride gave
This
result seemed to support the similar behavior of the
6,3-hydroxy-3a:,5-cyclo-5a:

3a,5-cyclo-50!-cholestane, with a yield of 71%.

allylic alcohols and the
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steroids with respect to the reduction with mixed hy-
dride, and encouraged us to extend the investigation
to other 3a,5-cyclo-5a steroids, containing a methoxyl
group on C-6.

The formation of 3a,5-cyclo-5a steroids with yields
ranging from 70 to 75% was observed in the andro-
stane and pregnane series, as illustrated in the following
scheme.

R=C8HIIR'= H
R=OH;R'= H
R=-CH(CH3OH;R'= H

The most likely mechanism for this process seems
to involve an intermediate mesomeric carbonium ion,
usually represented by the nonclassical structure I,
the intervention of which would account for the for-
mation of both the 3a,5-cyclo-5a steroids and A5

steroids.

H

The formation of I was also suggested by Corey,3
in order to account for the formation of 3a,5-cyclo-5a
steroids and A5 steroids in the reduction of the tosyl-
ates of 3/J-hydroxy-A5 steroids with LiAIH4. Using
ir spectroscopy, Corey observed the formation of 3/3-
deuteriocholest-5-ene and 6/J-deuterio-3a,5-cyclo-
5a-cholestane from the reduction of cholesteryl tosyl-
ate with lithium aluminum deuteride.

However, the ratio of the yields of 3a,5-cyclo-5a-
cholestane and cholest-5-ene from the reduction of
6/3-methoxy-30i,5-cyclo-5ai-cholestane with mixed hy-
drides is considerably different, showing a noticeable
discrepancy between two reactions which should in-
volve the same intermediate (Scheme I).

The formation of 3/3-methoxycholest-5-ene
clearly justify the large differences encountered using
the two reagents. In our opinion, the most likely

cannot

3) E. J. Corey, M. G. Howell, A. Boston, R. L. Young, and R. A. Sneen,

J. Amer. Chem. Soc., 78, 5036 (1956).
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Scheme
A1HCL.
6/9-methoxy-3»,5-cyelo-5a-cholestane------ >
AlHjCl
cholest-5-ene + 3a,5-cyclo-5a- + 3/3-methoxychoiest-5-ene
7% cholestane 18%
70%
LiAIH.
cholesteryl------ > cholest-5-ene + 3a,5-cyclo-5a-cholestane
tosylate 32% 52%

hypothesis is based on the assumption that the reaction
of tosylate with LiAIH4 does not involve exclusively
the formation of the mesomeric ion | (the precursor of
both cholest-5-ene and 3a,5-cyclo-5a-cholestane), but
also a normal reduction of the tosylate, which leads
exclusively to cholest-5-ene. Such a hypothesis would
easily explain the observed increase in the yield of
3a,5-cyclo-5a-cholestane in the reduction of 6/3-me-
thoxy-3a,5-cyclo-5a-cholestane with the mixed hy-
drides.

This hypothesis does not agree with the observation
of Corey, that in the reduction of cholesteryl tosylate
with lithium aluminum deuteride the isolated cholest-
5-ene contained only one 3j3-deuterio atom. Accord-
ing to our hypothesis, the product must be a mixture
of 3/3-deuteriocholest-5-ene and 3a-deuteriocholest-
5-ene; the former derives from the hybrid ion, while
the normal reduction of the tosylate, in agreement
with the usual steric course of such reductions, must
lead to an inverted configuration, with the formation
of 3a-deuteriocholest-5-ene.

Eliel4 stated that /3-phenylethyl
easily reduced by the mixed reagent, which probably

tosylate is not

involves a normal reduction mechanism. We there-
fore studied the reductions of cholesteryl tosylate
with lithium aluminum hydride-aluminum chloride.

The results are given in Scheme Il. It should be noted

Scheme 11

cholest-5-ene + 3a,5-cyclo-5a-cholestane
32% 52%

cholesteryl
tosylate

AIH.CI eholest-5-ene + 3a,5-cyclo-5a-cholestane

13% 84%

that in Scheme Il the product ratio for ALHC12-A1H2C1
reduction is very similar to that found with 6/3-
methoxy-3a,5-cyclo-5a-cholestane (first scheme) as-
suming that only two compounds are formed in this
case.

These results agree with our hypothesis that, in the
reduction of cholesteryl tosylate with LiAIH4, the
cholest-5-ene must be formed from both the mesomeric
ion and a normal reduction mechanism of the tosylates.

To confirm this we prepared the 3a-deuteriocholes-
tane and the 3/3-deuteriocholestane following the method
of Corey3and then studied their ir spectra and those of
mixtures of various composition. This preliminary
survey showed that mixtures of the two compounds
may be distinguished by studying the relative inten-
sity of the two bands in the region between 2190 and
2110 cm-1.

(4) E. L. Eliel, personal communication.
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Figure 1.—C-D stretching bands of cholestanes-3-d, OCh
solution (10%) at 25°: A, cholestane-3a-d; B, cholestane-3/3-d;
C, 10% 3«, 90% 3/3; D, 20% 3a, 80% 3/3; E, 50% 3a, 50% 3/3;
F, G, H, cholestanes-3-d obtained by catalytic hydrogenation of
Abcholestanes-3-d (synthesized from F, c.holesteryl tosylate-
LiAIDi; G, 6/3-methoxy-3a,5-cyclocholestane-LiAID4 and A1C13;
H, cholesteryl tosylate-LiAlD4and AICh).

Lithium aluminum deuteride-aluminum chloride
reduction of 6/3-methoxy-3a,5-cyclo-oa-cholestane gave
6/3-deuterio-3a,5-cyclo-5a-cholestane, together with
3-deuteriocholest-5-ene which, when catalytically hy-
drogenated,3 gave a deuteriocholestane (see Figure 1,
spectrum G) which proved to correspond to the 3/3-
deuterio derivative.

Cholesteryl tosylate was then treated with lithium
aluminum deuteride;3 cholest-5-ene, deuterated at
C-3, was isolated and catalytically hydrogenated to
form the C-3 deuterated cholestane. We followed a
similar scheme using
aluminum chloride.

The ir spectra in the previously observed region

(see Figure 1, spectra F, H) suggest that reduction of

lithium aluminum deuteride-

R omeo and Paradisi

cholesteryl tosylate with lithium aluminum deuteride
gives a mixture of 3a- and 3/3-deuteriocholest-5-ene,
while in the case of lithium aluminum deuteride-
aluminum chloride only 3/3-deuteriocholest-5-ene is
formed.

These results confirm our hypothesis of the mech-
anism of the reduction.

Experimental Section

Melting points were taken on a Culatti capillary melting point
apparatus and are uncorrected. Infrared spectra were recorded
on a Perkin-Elmer 521 infrared spectrophotometer; all measure-
ments were made in carbon tetrachloride. Optical rotations
were measured with a Schmidt Haensch polarimeter and were
obtained on 1% solutions in a 1-dm cell. Vpc analyses were
taken on a Perkin-Elmer F 20 gas chromatograph. Analyses of
the reaction mixture were made by vpc using a 6-ft column packed
with nitrile silicone gum X E 60 on Anacrom “As” 90-100 mesh;
separation conditions: column temperature 200°, injection port
temperature 200-250°; N2flow rate 40 cc/min. Woelm alumina
was used for column chromatography.

General Procedure for Mixed Hydride Reductions.—The
mixed hydride reagents were prepared by slowly adding measured
amounts of an ethereal solution of A1C13to a stirred solution of
known amounts of LiAlH4in dry diethyl ether. A solution of the
steroid compound in diethyl ether was added dropwise to this
reagent. The resulting mixture was allowed to stand and then
carefully hydrolyzed with a small amount of water.

The ethereal solutions were separated by filtration and the
solid residues were washed with ether. The ethereal solution was
washed with water, dried, and evaporated.

Reduction of 6/3-Methoxy-3a,5-cyclo-5a-cholestane.—To 0.54
g of LiAlllt in 20 ml of ether was added 1.9 g of AICI3in 20 ml of
ether, at room temperature. 6/3-Methoxy-3a,5-cyclo-5a-choles-
tane (2.7 g) in 20 ml of ether was added.

The reaction was carried out as described above. The resulting
residue (2.6 g) was chromatographed on a column packed with
78 g of basic alumina (Brockmann 1). The eluents used were 60
ml of hexane and 210 ml of benzene, and 30-ml fractions were
collected. Fractions 1 and 2 gave 2.1 g of a mixture of 3a,5-
cyclo-5a-cholestane (90.5%) and cholest-5-ene (9.5%) (analyzed
by vpc); fractions 5-9 gave 0.49 g of a solid which was recrystal-
lized from acetone, mp 82°, [a]D —42° (CHCI3), and was identi-
fied as 3/3-methoxycholest-5-ene [lit.5 mp 82-83°, [a]D —45.6°
(CHCISs)I.

The mixture (2.1 g) of 3a,5-cyclo-5a-cholestane and cholest-5-
ene was chromatographed on a column packed with 250 g of basic
alumina (Brockmann 1). The eluent used was petroleum ether
(bp 30-50°). The first fractions gave 3a,5-cyclo-5a-cholestane,
mp 76-78° from ether-ethanol mixture, [a]D +78° (CHC13)
[lit.é mp 77-78°, [a]ld +80° (CHC19]; the later fractions gave
cholest-5-ene, mp 90-91° (from acetone), [a]D —50° (CHC13)
[lit.7mp 92-93°, [a]D -53° (CHCIj)]. LiAlIVAICh was used
to prepare the 3-deuteriocholestene following the previously
described scheme.

Reduction of 6/3-Hydroxy-3a,5-cyclo-5a-cholestane.—T0 0.20 g
of LiAIH, in 10 ml of ether was added 0.70 g of AICI3in 10 ml of
ether, at room temperature. 6/3-Hydroxy-3a,5-cyclo-5a-choles-
tane (0.68 g) in 10 ml of ether was added.

(5) A. Romeo and R. Villotti, Ann. Chim. (Rome), 47, 618 (1957).

(6) C. W. Shoppee and G. H. R. Summers, J. Chem. Soc., 3361 (1952).

(7) R. E. Ireland, T. I. Wrigley, and W. G. Young, J. Amer. Chem. Soc.
80, 4604 (1958).
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The reaction was carried out as described before. The result-
ing residue (0.660 g) was chromatographed on a column packed
with 66 g of basic alumina (Broekmann I1).

The eluent used was 225 ml of petroleum ether, and 25-ml
fractions were collected. Fractions 1-5 gave 0.54 g of a mixture
of 3a,5-cyclo-50:-cholestane (88.5%) and cholest-5-ene (11.5%)
(analyzed by vpc).

The mixture (0.53 g) of 3a,5-cyclo-50:-cholestane and cholest-
5-ene was chromatographed as described previously (reduction
of 6j8-methoxy-3a,5-cyclo-5a-cholestane) to give 3a,5-cyclo-5a-
cholestane and cholest-5-ene.

Reduction of 6/3-Methoxy-3a',5-cyclo-5a-androstan-17-one.—
The reaction was carried out as described for 6/3-methoxy-3a,5-
cyclo-50:-cholestane, using 1.14 g of LiAIH,, 4 g of AICI3, and
3.04 g of 6/3-methoxy-3a,5-cyclo-5a-androstan-17-one.

The resulting residue (2.84 g) was chromatographed on a
column packed with 85 g of alumina (Broekmann I11). The
eluents used were 420 ml of petroleum ether-benzene (1:1), 180
ml of benzene, and 90 ml of ether; 30-ml fractions were collected.
After crystallization (from methanol-water mixture), fractions
1-15 gave 2.0 g of 17/3-hydroxy-3a,5-cyclo-5a-androstan, mp
120-121°, [«]d +76° (CHCI3) [lit.8 mp 122-124°, [«]d +77°
(CHC13)]; fractions 20-23 gave 0.3 g of 3/3-methoxy-17/3-
hydroxyandrostan-5-ene, mp 139-141°, [a]D —53° (ethanol
95%) [lit.9mp 142.5-143°, [q]d —51° (ethanol 95%)].

Reduction of 6/3-Methoxy-3a,5-cyclo-5a-pregnan-20-one.— The
reaction was carried out as described for 6/3-methoxy-3a,5-cyclo-
5a-eholestane using 1.14 g of LiAIH,, 4 g of AICI3, and 3.4 g of
6/3-methoxy-3a,5-cyclopregnan-20-one. The resulting residue
(3.11 g), containing a mixture of epimeric 20-ols, was oxidized
in acetic acid (46 ml) by chromium trioxide (0.92 g) in water (5

(8) A. Kasai, V. Cerny, and F. F. Sorm, Collect. Czech. Chem. Commun.,
30 (2), 472 (1965).
(9) M. N. Huffmann and J. W. Sadler, J. Org. Chem-, 18, 919 (1953).
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ml). After 12 hr ice was added and the mixture was made alkaline
with ammonia, the precipitated product was extracted with
ether, and the ethereal solution was washed with water, dried,
and evaporated. The resulting residue (3.06 g) was chromato-
graphed on a column packed with 95 g of alumina (Broekmann
111). The eluents used were 600 ml of petroleum ether and 300
ml of benzene; 100-ml fractions were collected. Fractions 1-6
gave after crystallization (from methanol) 2.19 g of 3<*5-cyclo-
5a-pregnan-20-one, mp 107-109°, [a]D +173° (CHCI3) [lit.8mp
109-111°, W d +179° (CHCI3)].

Reduction of S8-Tosyloxycholest-5-ene.—To0 0.35 g of LiAIH,
in 16 ml of ether was added 1.25 g of A1C13in 16 ml of ether, at
room temperature. 3/3-Tosyloxycholest-5-ene (4 g) in 20 ml of
benzene was added.

The reaction was carried out as described before. The result-
ing residue (2.9 g) was chromatographed on a column packed
with 580 g of basic alumina (Broekmann I1). The eluent used
was 350 pil of petroleum ether, 50-ml fractions being collected.
Fractions 1-5 gave 2.7 g of a mixture of 3a,5-cyclo-5a-eholestane
(86% ) and cholest-5-ene (14%) (analyzed by vpc).

The mixture (2.7 g) of 3a,5-cyclo-5a-cholestane and cholest-5-
ene was chromatographed as described previously (reduction of
6/J-methoxy-3a,5-cyclo-5a-cholestane) to give 3a,5-cyclo-50r-
cholestane and cholest-5-ene.

LiAIDI-AICh was used to isolate the 3-deuteriocholest-5-ene
following the preparation scheme previously described.

Registry No. —6/3-Methoxy-3a,5-cyelo-5a-cholestane,
2867-93-8; 6/3-hydroxy-3a,5-cyclo-5a-cholestane, 465-
54-3; 6/3-methoxy-3a,5-cyclo-5a-androstan-17-one,
14425-92-4; 6/3-methoxy-3a:,5-cyclo-5a-pregnan-20-one,
32249-55-1; 3/3-tosyloxycholest-5-ene, 1182-65-6; lith-
ium aluminum hydride, 16853-85-3; aluminum chloride,
7446-70-0.

The Structure of Lycorenine and the 7-Hydroxy Alkaloids Derived
from the [2]Benzopyrano[3,4-g]lindole Nucleusl

Jon Clardy,J. A. Chan, and W. C. Wildman*

Department of Chemistry, lowa State Unive-sity,
and the Institute for Atomic Research, Ames, lowa 50010

Received June 25, 1971

An X-ray crystallographic study of lycorenine methiodide has established the configuration of the C7hydroxyl

group in the alkaloid to be that shown in 3.

A comparison of specific and molecular rotations of analogous

alkaloids and their 7-oxo derivatives indicates that all alkaloids with the general structure 4 have an a-C7hydroxyl

group.

Amaryllidaceae alkaloids containing a benzylic hy-
droxyl group (as in 1, 2, and 4) provide a number of

1 2

reactive compounds of chemical, biosynthetic, and
spectroscopic interest.2 Although the structures for
many of these bases frequently have been assigned to
the extent of the absolute configuration, the configura-
tion of the benzylic hydroxyl group has been ignored

in most representations. The structures of 6-hydroxy-

(1) Supported by a research grant (HE-7503) from the National
Institutes of Health, U. S. Public Health Service, and the Ames Laboratory
of the U. S. Atomic Energy Commission, Contribution No. 3017.

(2) For a summary of the chemistry of these alkaloids see W. C. Wild-
man, Alkaloids, 11, 307 (1968).

These data provide complete structures for oduline, nerinine, krigeine, unsevine, and krigenamine.

buphanidrine (1)3 and 6-hydroxycrinamine (2)4 have
been determined by X-ray crystallographic techniques.
No chemical methods exist for the assignment of con-

(3) J. Clardy, F. M. Hauser, D. Dahm, R. A. Jacobson, and W. C. Wild-
man, J. Amer. Chem. Soc., 92, 6337 (1970).
(4) J. Karle, J. A. Estlin, and I. L. Karle, ibid., 89, 6510 (1967).
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figuration either at C6in 1 or 2, or at C7in the “lyco-
renine type” alkaloids (4). Stereochemical assign-
ment to the benzylic hydroxyl group frequently is
complicated because 2 and haemanthidine (the C3
epimer of 2) exist in solution as an equilibrating mix-
ture of C6 epimers.5

There is no report that hemiacetal-type alkaloids
(3 and 4) epimerize in solution at C7and it was of in-
terest to determine the configuration of the hydroxyl
group at this position in a representative alkaloid of
this ring system. Lycorenine was chosen for study.

Experimental Section

Lycorenine methiodide was prepared by adding 1 ml of methyl
iodide to a solution of 70 mg of lycorenine (mp 194-196°) in 4 ml
of acetone. The reaction mixture was allowed to stand for
hr at room temperature. The product was filtered, washed with
acetone, and recrystallized several times from ethanol to give
colorless needles, mp 265° dec. Preliminary Weissenberg and
precession photographs showed the 2/m 2/m 2/m Laue symmetry
appropriate for the orthorhombic crystal class. A least-squares
analysis of diffractometer-measured 9 values gave a = 16.49
(1) A, s = 825 (1) A, ¢ = 14.05 (1) A. The systematic ab-
sences for ftOO (h — 2n + 1), OkO (k = 2n + 1), and 001 (1 =
2n + 1) uniquely indicate the common space group P 2,2,2, (Dp).
Measured and calculated densities indicated four molecules per
unit cell or one per asymmetric unit. A cubic crystal fragment
of approximate dimensions o.: mm was selected for intensity
work. The unique reflections (29 < 70°) were collected on a
fully automated Hilger-Watts four-circle diffractometer using
Zr-filtered Mo K<* (0.7107 A) radiation. Of the 2425 reflections
measured, 1890 were judged observed after background, Lorentz,
and polarization corrections. No absorption corrections were
made.

The iodine position was determined from the three-dimensional
Patterson synthesis, and the 24 nonhydrogen atom positions were
revealed in the subsequent iodine-phase electron density synthe-
sis.s Full-matrix least-squares refinements in which all atomic
positions and anisotropic thermal parameters were varied reduced
the discrepancy index to its present minimum of 0.088 for the
observed reflections's The estimated standard deviations

(5) R. W. King, C. F. Murphy, and W. C. Wildman, J. Amer. Chem. Soc.,
87, 4912 (1965). This phenomenon has been observed in synthetic inter-
mediates: J. B. Hendrickson, T. L. Bogard, and M. E. Fisch, ibid., 92, 5538
(1970).

(6) J. Rodgers and R. A. Jacobson, “ALF: A General Fourier Program
in PL 1 for Triclinic, Monoclinic, and Orthorhombic Space Groups,” USAEC
Research and Development Report, Ames Laboratory, lowa State Uni-
versity, Ames, lowa 50010.

(7) W. R. Busing, K. O. Martin, and H. A. Levy, “ORFLS: Fortran
Least-Squares Program,” Oak Ridge National Laboratory, USAEC, 1962.

(8) Listings of structure factors will appear immediately following this
article in the microfilm edition of this volume of the journal. Single copies
may be obtained from the Reprint Department, ACS Publications, 1155
Sixteenth Street, N.W., Washington, D. C. 20036, by referring to author,
title of article, volume, and page number. Remit check or money order for
S3.00 for photocopy or $2.00 for microfilm.
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Table |

Final Atomic Coordinates"”

Atom x/a v/b 2/c
1 0.3432(1) -0.1512(1) 0.5310(1)
2 0.3996 (1) -0.1228 (2) 0.6312 (1)
3 0.4151 (1) 0.0634(2) 0.6162 (1)
3a 0.3907(1) 0.1176 (2) 0.5153(1)
4 0.3794(1) 0.2745(2) 0.4871 (1)
5 0.3515(1) 0.3090 (2) 0.3878(1)
5a 0.3496(1) 0.1638(2) 0.3247 (1)
6 0.4340(1) 0.1292 (1) 0.2972(1)
0.4433(1) 0.0000 (2) 0.2269(1)
7a 0.3743(1) -0.1229 (2) 0.2285(1)
8 0.3830(1) -0.2457 (2) 0.1570 (1)
9 0.3228(1) -0.3695 (2) 0.1551(1)
10 0.2551 (1) -0.3569 (2) 0.2190(1)
11 0.2538(1) -0.2385 (2) 0.2877(1)
lia 0.3204(1) -0.1245 (1) 0.2936(1)
11c 0.3162(1) 0.1240(2) 0.3734(1)
lid 0.3707(1) -0.0246 (2) 0.4577 (1)
Me(16) 0.1333(1) -0.4853 (3) 0.2720 (1)
0(15) 0.2007(1) -0.4764(1) 0.2058 (1)
Me(14) 0.3966(1) -0.5243 (3) 0.0366 (1)
0(13) 0.3212(1) -0.4884(1) 0.0904 (1)
Me(17) 0.2549(1) -0.1183 (2) 0.5607(1)
Me(18) 0.3471 (1) -0.3276(2) 0.5002(1)
o (12) 0.4450(1) 0.09842 (2) 0.1376(1)

“The error in the least significant digit, as estimated by the
inverse least-squares matrix, is given in parentheses.

as given by the variance-covariance matrix from least-squares
refinements are +£0.01 A for bond lengths and +2.0° for bond
angles.s A computer-generated drawing (less the iodine atom)
is given in Figure .10 Table I lists the final atomic fractional
coordinates. All bond distances and angles agree well within
generally accepted values. No abnormally short intermolecular
contacts were found. As can be seen from the final X-ray model
the benzylic hydroxyl lies below the plane of the aromatic and
dihydropyran rings. The absolute configuration depicted is
derived from the chemical conversion of lycorenine to a-dihydro-
pluviine (5), the absolute configuration of which is known i1 1

Discussion

The X-ray study confirms the structure assigned to
lycorenine by chemical means and specifically locates
the benzylic hydroxyl group. Optical rotations at
589 nm for lycorenine (3), homolycorine (3, >C =0
at C7), and deoxylycorenine (3, >CH2at C7 provide a
basis for the assignment of the benzylic hydroxyl
group in oduline, nerinine, krigeine, krigenamine, and
unsevine.2 Homolycorine and deoxylycorenine show
comparable rotations at 589 nm. Introduction of the
a-C7 hydroxyl group (as in 3) increases the specific
rotation in a positive direction by almost 70°. Com-
parable dextrorotatory shifts are found in all other
alkaloids possessing this ring system. From these

(9) W. R. Busing, K. O. Martin, and H. A. Levy, “ORFFE, A Fortran
Crystallographic Function and Error Program,” Oak Ridge National
Laboratory, USAEC, 1964.

(10) C. K. Johnson, “ORTEP: A Fortran Thermal-Ellipsoid Plot Pro-
gram for Crystal Structure lllustrations,” Oak Ridge National Laboratory,
USAEC, 1965.

(11) S. Mizukami, Tetrahedron, 11, 89 (1960).

(12) M. Shiro, T. Sato, and H. Koyama, Chem. Ind. (London), 1129
(1966).
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Table Il

Specific and Molecular Rotations of Lycorenine, Homolycorine, and Analogous Alkaloids

Registry Structure----------- [odd (solvent), AafDI. Mo, A[M)o,
Compd No. no. R R i r. R R c. deg deg deg deg
Deoxylycorenine 3 13255-14-6 CH, + 95 {EtOH) + 288
Lycorenine® 3 477-19-0 CHOH + 152 (EtOH) 57 +570 282
Homolycorine 3 477-20-3 c=0 + 85 (EtOH) +368 202
Deoxykrigenamine 4 32247-13-5 CHiIO O2CH2 H H CH, + 123 (EtOH) + 385
Krigenamine 4 1165-00-0 CHIO  OxXH2 H H CHOH  + 210 (CHCI,) 87 + 695 315
Oxokrigenamine 4 1165-01-0 CHsO OXCH! H H c=o0 + 117 (CHCI,) 108 + 370 825
Oduline 4 477-18-9 H OXH! H H CHOH  + 239 (CHCI,) +720
Masonine 4 568-40-1 H O0CH?2 H H c=0 +140 (CHCl) ¥ 440 300
Krigeine 4 905-37-3 CH,0  OxXH2 H OH CHOH  +234.(CHCI,) +813
Neronine 4 1167-58-4 CHO  OxXH2 H OH c=0 +162 (CHCL) 2 .59 24
Nerinine 4 481-44-7 H OCH, OCH, OCH, H CHOH  + 155 (CHCI,) + 538
Albomaculine 4 668-63-3 H OCH, OCH, OCH, H c=o0 +72 (CHCl) 88 Lo 298
Unsevine 4 4838-99-7 H OCH2 H OCH, CHOH  + 170 (CHCI) + 564
Nivaline 4 568-40-1 H OCH?2 H OCH, o0=o0 +101 (CHCI,) 69 +333 1
“ Registry number for methiodide, 32367-48-9.
comparisons (see Table I1) it is most probable that the sevine, and krigenamine have a configurations as

C7 hydroxyl groups of oduline, nerinine, krigeine, un-

well.

A Synthesis of 4-Azaoxindole
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The condensation product of ethyl cyanoacetate and 2-chloro-3-nitropyridine (1) was converted by reduction,

cyclization, and acid hydrolysis into 4-azaoxindole (4).

and 13 was made to evaluate the type and extent of the tautomerism possible with this system.

A study of the dibenzyl-4-azaoxindole derivatives S, 9,
Rapid autoxida-

tion of the 3-benzyl-4-azaoxindole (11) to the dioxindole 14 was observed. The presence of virtual coupling in

the nmr spectrum of 4 was noted.

Azaindoles have attracted considerable interest in
view of their potential relationship to pharmacologi-
cally important indoles, e.g., serotonin, and a review of
azaindoles has recently appeared.1

Azaoxindoles, on the other hand, are virtually un-
known, with only the preparation of 7-azaoxindole23
and 3,3-dimethyl-7-azaoxindoleband unsuccessful at-
tempts at 5-azaoxindole6 and 4-azaoxindole6 prepara-
tion being described.

Our earlier interest in azaindole chemistry7 and our
current interest in arylations with 2-chloro-3-nitropy-
ridine motivated us to make a contribution to this area.
We describe now the synthesis of the previously unde-
scribed 4-azaoxindole and some of its chemistry.

The arylation of ethyl cyanoacetate by 2-chloro-3-ni-
tropyridine was described by Willette.6 The resulting
product, for which we favor the tautomeric structure 1
on the basis of infrared evidence (a very strong CN
stretching and the ester C =0 at 1628 cm-1), could be
reduced in our hands in excellent yield by hydrogena-
tion in ethanol over 10% palladium on carbon at 50 psi
and room temperature. Reflux of the product 2 in
xylene effected ring closure to the 3-cyano-4-azaox-
indole 3. Some of the interesting chemistry of this
new system was evident with this first member, for it is
amphoteric. In fact, 3 is best purified by precipitation,

) R. E. Willette, Advan. Heterocyd. Chem., 9, 27 (1968).
) H. Kagi, Helv. Chim. Acta, 24, 141E (1941).

) S.Okudaand M. M. Robison, J. Amer. Chem. Soc., 81, 740 (1959).
) G. E. Fieken and J. D. Kendall, J. Chem. Soc., 747 (1961).

) S.Okudaand M. M. Robison, J. Org. Chem., 24, 1008 (19509).

) R. E. Willette, J. Chem. Soc., 5874 (1965).

from a solution of agueous sodium hydroxide, with a
stream of carbon dioxide. Reflux of 3 in concentrated
hydrochloric acid converted it to the unsubstituted 4-
azaoxindole 4 (Scheme 1), which is shown in the prin-
ciple tautomeric form 4a based on the nmr evidence
(2-proton singlet at 53.6). This is a very easily enoliz-
able compound and uv evidence suggests the presence
of the tautomer 4b in protic solvents [X max 359 mx
(e 2070)]. In order to explore this interesting tau-
tomerism we decided to prepare and obtain the physical
data on alkyl derivatives of assignable structure, where
the alkylation had blocked or restricted the tautomeric
possibilities. Benzyl was chosen as the alkyl group for
the study and as 4 has three acidic protons, we at-
tempted the synthesis of as many dibenzyl compounds
as possible. Reaction of 4 (see Scheme 1) with 2 equiv
of sodium hydride and benzyl chloride in dimethylform-
amide yielded a dibenzyl compound 5. From the nmr
spectrum of 5 (4-proton singlet at 8 3.30, a low-field ex-
changeable proton) it seemed that both benzyl groups
were bound to carbon. Thus the only tautomerism
available to 5 is normal amide enolization. There was
no spectral evidence of this and therefore the spectral
data for 5 can be taken as being representative of the
pure oxindole tautomer 4a. Benzylation of the 3-
cyano-4-azaoxindole 3 yielded a monobenzyl compound
6, whose nmr spectrum showed that the benzyl group
was attached to a heteroatom, not to carbon (2-proton
singlet at 8 5.72). Reaction of 6 under benzylating
conditions yielded a dibenzyl-3-cyano-4-azaoxindole 7,
which no longer had an exchangeable proton in its nmr
spectrum and where both benzyl groups were attached
to heteroatoms (2-proton singlets at 55.72 and 5.09).
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Scheme |

6, R=CN
15 RfeH

NaH,
PhCH,CI

s, R=COH

Reflux of 7 in acid proceeded via the acid 8 to the di-
benzyl-4-aZaoxindole 9. As both the benzyl groups
were retained during the acid reflux, we may assume
that they are attached to nitrogen. This particular di-
benzyl compound 9 cannot tautomerize and therefore
its spectral data can be taken as being representative of
the 4b tautomer of 4-azaoxindole. A third dibenzyl
compound 13 was prepared as outlined in Scheme I1I.
Reaction of 4-azaoxindole with benzaldehyde gave the
benzylidene derivative 10. This is blocked to enoliza-
tion, except of the amide type, and as the infrared spec-
trum showed a strong carbonyl absorption, this type of
tautomerism could be discounted. Benzylation of 10
gave a monobenzyl derivative 12. The benzyl group
of 12 was attached to the oxindole nitrogen, rather than
oxygen, as the carbonyl band in the infrared spectrum
of 10 was still present in that of 12. Catalytic reduc-
tion of 12 yielded the dibenzyl-4-azaoxindole 13, which
lacked major absorption in the infrared above 1600
cm-1. This is in contrast to the dibenzyl azaoxindole
9, which has a strong band at 1620 cm-1. Thus inthe
solid state 13 prefers the 2-hydroxy-4-azaindole form
13c, which means that each of the dibenzyl-4-azaoxin-
doles prepared, 5, 9, and 13, was representative of one
of the three most reasonable tautomers possible for the

Finch, Robison, and Valerio

Scheme Il

parent substance, i.e., 4a, 4b, and 4c. This situation,

alas, did not appertain in solution.

4a,R=R=R"=H 4o,R=R'=R" = H
lia, R =R"=H; R'=CHPh lib, R=R"=H; R'= CHZh
133,R=R'= CH:Ph;R"=H 130, R=R'= CH:.Ph;R"=H
R
4, R=R'=R" =H
lic, R=R"=H;R'= CHPh

13, R=R'= CHzPh; R"=H

The nmr spectrum in dimethyl sulfoxide of 13 showed
that three tautomers were present in the approximate
ratio of 4:1:1 (three different NCHZPh and three differ-
ent CCHZPh signals). In view of the similarity of the
uv spectrum of 13 in methanol with that of 9, it is as-
sumed that the principal form in solution is 13b, with
minor contributions from 13a and 13c. Hydrogenation
of the benzylidene derivative 10 before benzylation
yielded a monobenzyl-4-azaoxindole 11. This Com-
pound 11 also lacked a carbonyl group in the infrared
spectrum suggesting the solid form was 11c. Analo-
gously to 13, the nmr spectrum of 11 in dimethyl sulf-
oxide showed it to be a mixture of tautomers, although
in this case only two were evident, in the approximate
ratio of 4:1, based on the CCHZh signal. As the
spectrum of the principal tautomer of 11 resembled that
of the principal tautomer of 13, it was assigned struc-
ture lib; the minor isomer could be assigned structure
11a based on the multiplicity of the benzyl signal.



Synthesis op 4-Azaoxindole

The uv spectrum of 11 in methanol was in general
agreement, although quantitatively it would seem that
more of isomers 1lla and/or 1lc were present in this
protic solvent. Support for this view came when 11
was recrystallized from ethanol; the unsolvated mate-
rial obtained by drying in high vacuum showed a car-
bonyl band in its infrared spectrum (1720 cm-1). In-
terestingly, though, the ethanol solvate obtained by
simple air drying lacked a carbonyl band entirely.
The presence of this tautomer 11c could be inferred, in
some aprotic solvents, by a rapid autoxidation of 11.
For example, on attempted recrystallization from ace-
tonitrile, 11 was converted into the 4-azadioxindole 14.
The carbonyl band present in the infrared spectrum of
14, 1742 cm-1, is somewhat higher than that of the
analogous benzo compound (1730 cm-1),8but generally
dioxindoles do absorb at higher frequency than the cor-
responding oxindoles. The ultraviolet spectrum also
supports the structural assignment of 14 and there are
several analogies for this transformation. The most
pertinent is perhaps the extremely rapid autoxidation
of 16 to 17, on its liberation from the fluoroborate salt.9

The mechanism of this process has recently been dis-
cussed in detail.D

One interesting physical property of 4-azaoxindole 4,
unrelated to our study, is the presence of virtual cou-
plingll in the nmr spectrum, in which the C6 and C7
protons are fortuitously chemically equivalent. This
explains the simplicity of the aromatic pattern of 4,
i.e., a 2-proton doublet at 5 7.16 (</s5s + Jst = 6 Hz)
and a 1-proton triplet at 58.10 (j = 3 Hz).2 That
this in fact was the case was supported by the observa-
tion that running the nmr spectrum in D20-DC1 one ob-
tains an ABX type of multiplicity for the pyridine pro-
tons.

In conclusion, it is evident from our preliminary
study that free-energy differences between the prin-
cipal tautomers of 4-azaoxindoles are small and that
relatively minor changes of substitution or solvent can
have major effects on the position of equilibrium. Itis,
therefore, unwise to make predictions with regard to
the outcome for alkylations with other reagents or even
benzylation under other experimental conditions.
Nevertheless, with the spectral data and assignments
made in this study, it should be possible to readily de-
termine what in fact does occur in a specific case during
further studies.

Experimental Section13

Ethyl a-Cyano-3-nitro-2-pyridine Acetate (1).—To0 a stirred
solution of 172.2 g (1.6 mol) of potassium ierf-butoxide in 2 1
of teri-butyl alcohol was added 181.2 g (:.¢ mol) of ethyl cyano-

(8) H. E. Baumgarten and P. L. Creger, J. Amer. Chem. Soc., 82, 4634
(1960).

(9) T. Hino, M. Nakagawa, and S. Akaboshi, Chem. Commun., 656 (1967).

(10) M. Nakagawa, H. Yamaguchi, and T. Hino, Tetrahedron Lett., 4035
(1970).

(11) J. 1. Musher and E. J. Corey, Tetrahedron, 18, 791 (1962).

(12) We are indebted to Professor Peter Yates for this explanation.

(13) Melting points were obtained in a Thomas-Hoover melting point
apparatus and are uncorreeted. Nmr spectra were obtained on a Varian
A-60 instrument. Mass spectra were obtained on a MS-9 instrument.
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acetate. To the resultant suspension was added a hot solution
of 126.1 g (0.8 mol) of 2-chloro-3-nitropyridine in 2 1. of <erf-butyl
alcohol. The mixture was refluxed for s hr. Evaporation of the
ferf-butyl alcohol yielded a red residue which was treated with
800 ml of 1 A hydrochloric acid. The insoluble solid was
collected, washed with water, and recrystallized from methanol
to yield 148 g (79%) of product. One recrystallization from
methanol gave an analytical sample: mp 139-141° (lit® 136-
137°); z T 2850, 2190, 1625, 1560, 1250 cm*“l; nmr
(CDClIs) 51.20 (t, 3,3 = 7 Hz),4.25(q, 2,/ = 7 Hz), 6.7 (m,
2), 8.4 (m, 2); mass spectrum (70 eV) m/e 235 (parent peak).

Anal. Calcd for CwoHeN:Os: C, 51.06; H, 3.86; N, 17.87.
Found: C, 50.91; H,4.06; N, 17.59.

Ethyl 3-Amino-a-cyano-2-pyridine Acetate (2).— A solution of
146 g (0.62 mol) of ethyl a-cyano-3-nitro-2-pvridine acetate (1)
in 31 of 95% ethanol was hydrogenated at 50 psi in the presence
of 14.6 g of 10% palladium on carbon. After the catalyst had
been removed by filtration, the ethanol was evaporated to yield
123 g of product = (100%). An analytical sample was prepared
by recrystallization from methanol: mp 115-117°; Aw thana 222
him (£ 18,070), =Sz (9810), 387 (15,580); -1T:3480, 3350, 2170,
1640, 1450, 1280 cm“1; nmr (CDC1,) s1.32 (t, 3,/ = 7 Hz), 4.23
(@, 2,9 = 7Hz),4.95 (m, 2), 6.78 (m, 2), 7.25 (m, 1).

Anal. Calcd for C.oHuNsO2: C, 58.53; H, 5.40; N, 20.45.
Found: C, 58.79; H, 5.80; N, 20.27.

3-Cyano-4-azaoxindole (3).— A stirred solution of 110 g (0.530
mol) of ethyl 3-amino-a-cyano-2-pyridine acetate (2) in 7 1 of
xylene was refluxed for 20 hr. The reaction mixture was cooled
to 0° and the resulting tan solid was collected by filtration. The
product was purified by dissolving it in 2 1. of 3% sodium hy-
droxide solution, filtering the solution through activated charcoal,
and reprecipitating the product by bubbling carbon dioxide into
the solution. This procedure yielded 42.6 g of purified product
3 (50%): mp >325°; Alnnot 215 mM (c 28,290), 252 (10,510),
353 (12,120); «Jr: 3080, 2200, 1660, 1620, 1340 cm'l; nmr
(DMSO-*) 57.03 (t, 1,3 = s Hz), 7.41 (d, 1,/ = & Hz), 7.83
(d, 1, 3 = s Hz), 10.16 (m, 1); mass spectrum (70 eV) m/e 159
(parent peak).

Anal. Calcd for CsHeNsO: C, 60.37;
Found: C, 60.19; H, 3.41; N, 26.05.

Hydrolysis of 3 to 4-Azaoxindole (4).— A stirred solution of 50 g
(0.314 mol) of 3-cyano-4-azaoxindole (3) in 5 1. of concentrated
hydrochloric acid was refluxed for 22 hr. After cooling, the
hydrochloric acid solution was evaporated to dryness. The
residue was dissolved in a minimal amount of water. The
aqueous solution was made basic with solid sodium bicarbonate
and evaporated to dryness. The dry residue was extracted six
times with 300-ml portions of boiling chloroform. Evaporation
of the chloroform extracts yielded 24 g of product 4 (56%).
An analytical sample was prepared by recrystallization from
toluene: mp 205-207°; A « o 220 mM (e 5150), 246 (11,720),
289 (3420), 359 (2070); /1T: 3200, 1700, 1610, 1430 cm*“l;
nmr (DMSO-A) S3.62 (s, 2), 7.17 (d, 2), s.10 (t, 1), 10.4 (s, 1,
exchanges); mass spectrum (70 eV) m/e 134 (parent peak).

Anal. Caled for C/HeN20: C, 62.68; H, 4.51; N, 20.89.
Found: C, 62.72; H, 4.60; N, 20.77.

Benzylation of 4 to 3,3-Dibenzyl-4-azaoxindole (5).—T0 a
stirred solution of 0.5 g (3.73 mmol) of 4-azaoxindole (4) in 50 ml
of dry dimethylformamide was added 0.314 g (7.44 mmol) of
sodium hydride (57% in oil) under a nitrogen atmosphere.
After 20 min, 0.94 g (7.44 mmol) of benzyl chloride was added
all at once. The solution was heated to 50° and stirred for 18
hr. The dimethylformamide was taken off under reduced pres-
sure. To the residue was added 50 ml of 1 A hydrochloric acid.
This solution was washed with petroleum ether and then made
basic with solid potassium carbonate. The basic solution was
extracted three times with methylene chloride. The methylene
chloride was dried and evaporated. The residue was recrystal-
lized from acetonitrile to yield 0.5 g (38%) of product 5: mp
281-283°; X"T*“ 252 mM (= 8310), 291 (3602); -IT: 1710,
1610, 1580 cm*“1; nmr (DMSO-d6) s 3.3 (s, 4), 6.82 (m, 2), 7.0
(m, 10), 8.28 (d, 1, / = s Hz), 10.02 (s, 1).

Anal. Calcd for C2,HiN20: C, 80.23; H, 5.77;
Found: C, 80.01; H, 5.91; N, 9.10.

Benzylation of 3 to 4-Benzyl-3-cyano-4-azaoxindole (6).—A
0.54-g (0.0132 mol) sample of 57% sodium hydride-mineral oil
was added to a stirred solution of 2.0 g (0.0126 mol) of 3-cyano-4-
azaoxindole (3) in 30 mi1 of DMF under a nitrogen atmosphere.
After 0.5 hr 1.58 g (0.0126 mol) of benzyl chloride was added all
at once. The mixture was heated to 50° and allowed to stir for

H, 3.17; N, 26.41.

N, 8.91.
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16 hr. The DMF was removed under reduced pressure. The
residue was washed with 50 ml of 1 3V hydrochloric acid and then
recrystallized from ethanol-dimethylformamide to yield 1.7 g
of product s (54%): mp 308-310°; nmr (DMSO-de) s 5.72
(s, 2),688 (t, 1,/ =8 Hz), 7.15 (d, 1,7 = s Hz), 7.38 (s, 5),
7.78 (d, 1,7 = s Hz), 11.30 (m, 1); A~ 2anot 210 mM (e 29,260),
258 (9660), 362 (12,910); 2200, 1630, 1580, 1450, 1370

cm-1.
Anal. Calcd for CisHNNsO: C, 72.27; H, 4.45; N, 16.86.
Found: C, 72.41; H, 4.77; N, 16.57.

Benzylation of 6 to 1,4-Dibenzyl-3-cyano-4-azaoxindole (7).—
To a stirred solution of 5.0 g (20.1 mmol) of 4-benzyl-3-eyano-4-
azaoxindole (s ) in 150 ml of dimethylformamide was added 0.93
g of sodium hydride (57% in oil) under a nitrogen atmosphere.
After 20 min 2.8 g (22 mmol) of benzyl chloride was added all at
once. The solution was heated to 60° and allowed to stir for 18
hr. The dimethylformamide was removed under reduced pres-
sure. The residue was washed with 20 ml of petroleum ether
and then 50 ml of water. The washed residue was recrystallized
from methyl alcohol to yield 5.3 g (76%) of product 7: mp
198-200°; 210 mM(50,280), 263 (14,360), 363 (17,640);
tw * 2205, 1670, 1645, 1600 cm-“1; nmr (DMSO-de) s 5.09 (s, 2),
5.76 (s, 2), 6.94 (t, 1), 7.34 (m, 11), 7.9 (d, 1).

Anal. Calcd for C2H,N30: C, 77.85; H, 5.05; N, 12.38.
Found: C, 77.46; H, 5.30; N, 12,44.

Hydrolysis of 7 to 1,4-Dibenzvl-4-azaoxindole (9).—A solution
of 1.0 g (2.97 mmol) of l,4-dibenzyl-3-cyano-4-azaoxindole (7)
in 100 ml of concentrated hydrochloric acid was refluxed for 72
hr.  The hydrochloric acid was evaporated. A minimal amount
of water was added to the residue. The solution was then made
basic with solid sodium bicarbonate and extracted three times
with 75-ml portions of methylene chloride. The methylene
chloride was dried and evaporated. Recrystallization of the
residue from acetonitrile yielded 0.5 g (56%) of product 9: mp
175-177°; A™M1‘0 233 mM & 12,580), 262 (6610), 286 (1710),
362 (6240); *17' 1638, 1570, 1590, 1370 cm*“1; nmr iDMSO-d6)
8 5.02 (s, 2), 5.26 (s, 2), 5.17 (s, 1), 6,4 (t, 1,/ = s Hz), 6.81
(d, 1,3 = & Hz), 7.32 (m, 10), 7.56 (d, 1, 3 = & Hz).

Anal. Calcd for CaIHIsN20: C, 80.23; H, 5.77,
Found: C, 80.55; H, 5.97; N, 9.10.

Hydrolysis of & to 4-Benzyl-4-azaoxindole (15).—A stirred
solution of 1.2 g (4.82 mmol) of 4-benzyl-3-cyano-4-azaoxindole
() in 150 ml of concentrated hydrochloric acid was refluxed for 65
hr. The hydrochloric acid solution was evaporated to dryness.
The residue was dissolved in a minimal amount of water. The
solution was saturated with solid sodium bicarbonate and then
extracted six times with 50-ml portions of methylene chloride.
The methylene chloride was dried over anhydrous sodium sulfate
and evaporated. Two recrystallizations of the residue from
ethanol-acetonitrile 4:1 yielded 0.6 g (55%) of pure product:
mp 257-258°;, A~n o 216 mM (t 25,350), 256 (12,360), 276
(3770), 360 (12,110); 2850, 1620, 1580, 1450 cm*“l; nmr
(DMSO-d6) & 4.9 (s, 1), 5.13 (s, 2), 6.30 (t, 1,3 = s Hz), 6.63
d, 1,/ = 7Hz), 725 (s, 5), 7.41 (d, 1,3 = 7 Hz), 10.13 (m, 1).

Anal. Calcd for C,H=N20: C, 74.99; H, 5.38; N, 12.35.
Found: C, 74.65; H, 5.48; N, 12.35.

Benzylidene Derivative of 4-Azaoxindole (10).—A solution of
3.02 g (0.022 mol) of 4-azaoxindole (4), 2.39 g (0.022 mol) of
benzaldehyde, and 1 ml of piperidine in 700 ml of toluene was
refluxed for 4 hr. After the toluene was evaporated, the residue
was recrystallized from ethanol-benzene to yield 3.75 g of product
10 (75%): mp 206-208°; A -+ 1253 mp (e 9270), 290 (12,860),
316 (17,140), 391 (6,110); ' 3130, 1700, 1600, 1370, 1200
cm'l; nmr (DMSO-d6) s 7.20 (d, 2, 3 = 4 Hz), 7.45 (m, 3),
7.65 (s, 1), 8.23 (t, 1, J = 4 Hz), 8.75 (m, 2), 10.07 (m, 1).

Anal. Calcd for CisHioN20: C, 75.65; H, 4.54; N, 12.61.
Found: C, 75.65; H, 4.77; N, 12.38.

Benzylation of 10 to 12.—To a stirred solution of 1.0 g (5.0
mmol) of 3-benzylidene-4-azaoxindole (10) in 50 ml of dry di-
methylformamide was added 0.24 g (5.5 mmol) of sodium hydride
(57% in oil) under a nitrogen atmosphere. After 20 min 0.699

N, 8.91.

ml (5.0 mmol) of benzyl chloride was added all at once. The
solution was heated to 50° and allowed to stir for 18 hr. The
dimethylformamide was removed under reduced pressure. The

Finch, Robison, and Valerio

residue was washed with 20 ml of petroleum ether and then 40 ml
of 1 A hydrochloric acid was added. The solution was then made
basic with solid potassium carbonate at o ° and extracted with
methylene chloride. The methylene chloride was dried and
evaporated. The residue was recrystallized from benzene-
hexane to yield 0.7 g (47%) of product 12: mp 122-125°;
K T ml 232 mM (e 10,140), 320 (22,340), 394 (4830); 1713,
1630, 1600 cm"1; nmr (CDC13) s 4.98 (s, 1), 6.99 (m, 2), 7.29
(m, 5), 7.50 (m, 3), 8.02 (s, 1), 8.29 (q, 1), 8.79 (m, 2).

Anal. Calcd for C2iHieN20: C, 80.75; H, 5.16; N, 8.97.
Found: C, 81.25; H, 5.31; N, 9.03.

1,3-Dibenzyl-4-azaoxindole (13).—A solution of 0.5 g (1.6
mmol) of I-benzyl-3-benzylidene-4-azaoxindole (12) in 50 ml of
95% ethanol was hydrogenated at 1 atm in the presence of 50 mg
of 10% palladium on carbon. After the catalyst had been re-
moved by filtration, the ethanol was evaporated. The residue
was recrystallized from methanol to yield 0.3 g (66 %) of product
13: mp 158-160°; uv Ar.l' o 260 mM (<= 10,280), 288 (3720),
364 (3910); 1610 (w) 1560 cm"1l; nmr (DMSO-d6) s 3.86

(s, 2), 5.07 (s, 2), 6.27 (t, 1,/ = s Hz), 6.75 (d, 1, 3 = 7 Hz),
7.0 (m, 10),8.25 (d, 1,3 = s Hz).

Anal. Calcd for CxaH,sN20: C, 80.23; H, 5.77; N, 8.91.
Found: C, 80.22; H, 5.97; N, 9.02.

Hydrogenation of 10 to 3-Benzyl-4-azaoxindole (11).—A solu-
tion of 2.5 g (0.011 mol) of 4-azaoxindole benzal 10 in 150 ml of
ethanol was hydrogenated at 1 atm in the presence of 0.25 g of
10% palladium on carbon. The catalyst was removed by filtra-
tion through filter cell and the ethanol evaporated. The yellow
solid which remained was recrystallized from ethanol to yield
2.3 g of product 11 (92%): mp 188-190°; A’:la¥ 257 mf*
(t 12,280), 284 (4040), 372 (5580); rL7*' 1602, 1590, 1575 cm*“1;
nmr (DMSO-A) s 1.06 (t, 3), 3.70 (s, <2), 7.18 (m, 7); mass
spectrum (70 eV) m/e 224 (parent peak) <5% of 240.

Anal. Caled for CisH,2N20 C2HsOH: C, 71.20; H, 6.65;
N, 10.30. Found: C, 70.92; H, 6.84; N, 9.91.

A portion of the solvate was recrystallized from ethanol with
rapid cooling and scratching. The crystals were collected and
dried for 18 hr in high vacuum at 100°: >wa 1720, 1586, 1570
cm”l; nmr (DMSO-d6) s 3.24 (m, ~0.4 H), 3.70 (s, ~1.6 H),
7.18 (m, 7).

Anal. Calcd for CuH2N20: C, 74.99; H, 5.38; N, 12.49.
Found: C, 74.82; H, 4.92; N, 12.90.

3-Benzyl-4-azadioxindole (14). A.— Three recrystallizations
of 3-benzyl-4-azaoxindole (11) from acetonitrile yielded 14 in
50% yield: mp 278-280°; K T°°' 245 mM(10,060), 292 (2670);
«£.7' 3196, 1745, 1626, 1604 cm*“1; nmr (DMSO-d6) 8 3.20 (s, 2),
6.90 (m,s); mass spectrum m/e 240 (M+).

Anal. Calcd for C,(H2N202 C, 70.00; H, 5.00; N, 11.68.
Found: C, 70.32; H, 5.14; N, 11.90.

B.— 11 (0.3 g, 1.25 mmol) was dissolved in acetic acid (30 ml).
Hydrogen peroxide (0.155 g, 1.37 mmol) was added with stirring.
The solution was heated (70°) for 2 hr. The acetic acid was
removed under reduced pressure. The residue (0.30 g, 98%
yield) was crystalline, mp 276-278°, and was identical (mmp
and ir) with the material from A.

Registry No.—1, 32501-02-3; 2, 32501-03-4; 3,

32501-04-5; 4a, 32501-05-6; 4b, 32501-06-7; A4c,
32501-07-8; 5,32501-08-9; 6,32544-48-2; 7,32501-09-0;
9, 32605-76-8; 10, 32500-77-9; 1la, 32500-78-0; lib,
32500-79-1; 1l1c, 32500-80-4; 12, 32500-81-5; 13a,
32500-82-6; 13b, 32500-83-7; 13c, 32500-84-8; 14,
32500-85-9.
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The reaction of pyridine iV-oxide and acetic anhydride in anisole provided 22 % of a mixture of 2-(0-, m-, and

p-methoxyphenyl)pyridine in relative yields of 50.7:15.5:33.9, respectively.

The same reaction in benzonitrile

yielded 8.5% of iV-2-pyridylacetamide and trace quantities of IV-2-pyridylbenzamide and 2-(m- and p-cyano-

phenyl)pyridine (relative yields of the latter, 71:29).
converted to iV-2-pyridylacetamide.

Under the reaction conditions, iV-2-pyridylbenzamide is
The products are thought to arise by attack of solvent on an intermediate

with an electrophilic site at the > position of the pyridine ring.

The reaction of pyridine A-oxide (1) with acetic an-
hydride yields mainly 2-acetoxypyridine (2),23but sev-
eral side products, including 3-acetoxypyridine (3) and
A-(2'-pyridyl)-2-pyridone (4), are also formed.%

Mechanistic studies3&indicate that the 2-acetoxy-
pyridine is probably produced by way of acetate ion
attack on the A-acetoxypyridinium ion 5 to yield the
dihydropyridine 6, which loses acetic acid to give 2.
The detailed mode of loss of acetic acid is unknown as
are the mechanisms of formation of the minor products.

In the hope of being able to trap intermediates in the
acetic anhydride-pyridine A-oxide reaction, the latter
was performed in anisole and in benzonitrile. These
solvents have recently been found useful in trapping
picolyl cations produced in the reaction of acetic an-
hydride with 2- and 4-picoline A-oxide.6 Cations sub-
stitute into anisole very predominantly at the ortho
and para positions,67 whereas radical attack on the
ring yields more meta- than para-substituted product.8
Organic cations attack benzonitrile at the nitrogen

(1) (a) We wish to thank the donors of the Petroleum Research Fund,
administered by the American Chemical Society, for support of this work,
(b) Taken from the Ph.D. Thesis of G. L. D., University of Pittsburgh,
Pittsburgh, Pa., 1969. (c) NASA Predoctoral Fellow.

(2) M. Katada, J. Pharm. Soc. Jap., 67, 51 (1947).

(3) V. J. Traynelis in “Mechanisms of Molecular Migrations,” Vol. II,
B. S. Thyagarajan, Ed., Interscience, New York, N. Y., 1969, p 1

(4) D. M. Pretorius and P. A. de Villiers, J. S. Afr. Chem. Inst., 28,
48 (1965); A. Klaebe and A. Lattes, J. Chromatogr., 27, 502 (1967).

(5) E. Ochiai and T. Okamoto, J. Pharm. Soc. Jap., 68, 88 (1948); Chem.
Abstr., 47, 8073e (1953); J. H. Markgraf, H. B. Brown, Jr.,, S. C. Mohr,
and R. G. Peterson, J. Amer. Chem. Soc., 85, 958 (1963); S. Oae and S.
Kozuka. Tetrahedron, 20, 2691 (1964); S. Oae and S. Kozuka, ibid., 21,
1971 (1965).

(6) T. Cohen and G. L. Deets, J. Amer. Chem. Soc., 89, 3939 (1967);
T. Cohen and G. L. Deets, ibid., in press.

(7) A.T.Jdurewicz, J. H. Bayless, and L. Friedman, ibid., 87, 5788 (1965);
P. Kovacic and J. J. Hiller, Jr., 3. Org. Chem., 30, 1581 (1965).

(8) J. R. Shelton and C. W. Uzelmeier, J. Amer. Chem. Soc., 88, 5222
(1966).

atom6'9and any electrophilic attack that does occur on
the ring leads mainly to meta-substituted products;
radical attack occurs readily at the ortho and para posi-
tions of the ring.8

Results

Anisole.—The reaction of pyridine A-oxide with
acetic anhydride in refluxing anisole for 6 hr yielded, in
addition to 2-acetoxypyridine, a three-component mix-
ture of 2-(methoxyphenyl)pyridines. The product was
analyzed by combined gas chromatography-mass
spectrometry. The mass spectra of the three isomers
are consistent with the assignment as methoxyphenyl-
pyridines. A sample of the major component, which
had the shortest glpc retention time, was shown by nmr
spectroscopy to possess one a proton on the pyridine
ring, thus indicating that the methoxyphenyl group is
attached to the 2 position. This isomer was shown to
be 2-(o-methoxyphenyl)pyridine (7) by glpc and mass
spectrometric comparison with an authentic sample
prepared by the reaction of pyridine with o-methoxy-
phenyllithium followed by air oxidation. The com-
ponent present in second greatest amount and having
the longest retention time was similarly identified as
2-(p-methoxyphenyl)pyridine (9). The minor com-
ponent was assigned the structure 2-(m-methoxy-
phenyl)pyridine (8) on the basis of the similarity of its
mass spectrum to the other two, its retention time (be-
tween those of the other two; typical behavior for a
meta isomer), and the expectation that the meta isomer
would accompany the ortho and para isomers. The
yields, as indicated by gas chromatography, are listed
below. No o'her solvent-derived products could be
detected.

8,3.4%

(9) R. M. Lusskin and J. J. Ritter, ibid., 72, 5577 (1950); R. F. Boreh,
J. Org. Chem., 34, 627 (1969).
(10) H Gilman and J. T. Edwards, Can. J. Chem., 31, 457 (1953).
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In attempts to improve the yield of anisylpyridines,
pyridine A-oxide was treated with p-toluenesulfonyl
chloride in refluxing anisole in the presence and ab-
sence of 2,6-lutidine (a potential proton acceptor), and
A-acet.oxypyridinium perchloratell was heated in re-
fluxing anisole in the presence and absence of 2,6-
lutidine. None of these reactions produced detectable
quantities of anisylpyridines.

Benzonitrile.—When the reaction of pyridine A-oxide
with acetic anhydride was performed in benzonitrile
at 160°, four products which appeared to have resulted
from reaction with solvent were detected by combined
glpc-mass spectrometry. Two of these had the frag-
mentation patterns expected of A-2-pyridylbenzamide
(10, R = phenyl) and A-2-pyridylacetamide (10, R =
methyl), and these identifications were confirmed by
comparison with authentic samples prepared by treat-
ment of 2-aminopyridine with the appropriate acid
chloride. The two remaining products had the frag-
mentation patterns expected of 2-(cyanophenyl)pyr-
idines. They were identified as 2-(m-cyanophenyl)-
pyridine (11) and 2-(p-cyanophenyl)pyridine (12) by
comparison with samples prepared by decomposition in
pyridine of the diazonium ion derived from the appro-
priate aminobenzonitrile.’2 The yield of A-2-pyridyl-
acetamide was 8.5%. That of AF2-pyridylbenzamide
was less than 1%. The 2-(cyanophenyl)pyridine mix-
ture was also formed in less than 1% yield and the com-
position was 71% meta and 29% para.

It was also shown that A-2-pyridylbenzamide (10,
R = phenyl) is converted to A-2-pyridylacetamide
(10, R = methyl) under the conditions employed in
the reaction of pyridine A-oxide with acetic anhydride
in benzonitrile.

Discussion

The nature of the products is consistent with the
attack on the solvents of some intermediate with an
electrophilic site at the 2 position of the pyridine ring.
The attack on anisole occurs with ortho/para and
meta/para ratios of 1.5 and 0.46, respectively. These
values are similar to those (up to 1.9 and 0.37, respec-
tively) which have been found for several electrophilic
substitutions in the literature7 and very different from
those (5.3-13.5 and 1.4-5.6, respectively) for some re-
ported examples of radical attack on anisole.8 How-
ever, this evidence by itself does not demand that the
attack on anisole be electrophilic rather than radical in
nature, since the rate-determining step could occur sub-
sequent to the attack on solvent.

(11) C. W. Muth and E. S. Darlak, J. Org. Chem., 30, 1909 (1965).

(12) J. W. Haworth, I. M. Heilbron, and D. H. Hey, J. Chem. Soc.,
349 (1940).
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The attack on benzonitrile occurs predominantly at
the nitrogen atom (vide infra) and the very small quan-
tity of ring-substituted benzonitrile arises mainly from
meta attack. As noted above, this pattern is character-
istic of cationic attack on benzonitrile.

According to the results of our experiments on the
trapping of picolyl cations by benzonitrile,6 one might
expect A-acetyl-A-(2-pyridyl)benzamide (13) to result
from attack of the type of electrophile discussed above
on the nitrogen atom of benzonitrile. Its expected
mode of formation is shown below (R represents the
2-pyridyl group or its precursor). However, the ex-
pected imide 13 must be readily deacylated, as shown,
under the reaction conditions. This follows from our
finding that A-(2-pyridyl)benzamide is converted to
A-(2-pyridyl)acetamide under the reaction conditions;
this exchange presumably proceeds through the inter-
mediate formation of 13. Thus, the production of
A-(2-pyridyl)acetamide in 8.5% yield indicates that
benzonitrile has reacted with an electrophilic site at
the 2 position of the pyridine nucleus.

Ph Ph
/ |
RN=CPh RN=CX .C=0
— 0 RNA
OCOMe MeC c=o
|
\ Me
Ph
% NCPh N  NCMe
H| - H
c=0
(0] [ (0]
Me
13
+ + +
(MeCO)D MeCOH MeCOZOPh

The simplest hypothesis is that these products arise
by attack of the A-acetoxypyridinium ion on the nucleo-
philic solvents to produce species such as 14 (Y = OMe
or CN) and 15. In the case of 14, rearomatization of
the pyridine ring by the loss of acetic acid and of the

substituted ring by proton loss would yield the 2-aryl-
pyridine products. Loss of acetic acid from 15 and
subsequent reactions of the resulting nitrilium ion as
outlined above would lead to the amide products. One
attractive feature of this scheme is that it is consistent
with the presently accepted mechanism for the pro-
duction of 2-acetoxypyridine, in which acetate ion is
the nucleophile which attacks the 2 position. Another
is that if pyridine A-oxide is the nucleophile which at-
tacks 5 then the known product, A-(2'-pyridyl)-2-pyr-
idone (4), would result via intermediates 16 and 17.
The latter is almost certainly an intermediate in the
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known reaction of 2-bromopyridine with pyridine A -
oxide to produce 4.13

If solvent attack is indeed occurring on the A-

acetoxypyridinium ion 5, then the acetate counterion
appears to be an important competitor. However,
when this ion was replaced by the much less nucleo-
philic perchlorate ion in anisole, no solvent-derived
products were obtained even when 2,6-lutidine was
present as a potential proton acceptor. The failure
of this reaction and of the reaction of pyridine A-oxide
with p-toluenesulfonyl chloride in anisole to produce
solvent-derived products suggests that a step following
nucleophilic attack on the 2 position of a pyridinium
cation may be rate determining in these cases. An-
other possibility is that acetate ion plays an important
role in the formation of some other intermediate which
is responsible for the solvent capture in the reaction of
pyridine A-oxide with acetic anhydride. A possible
candidate is 19 which could be produced from the inter-
mediate 6 by the sequence shown (the conversion of 6
to 18 could be stepwise or concerted) and which may
also be converted to the minor product 3-acetoxypyr-
idine (3) by a proton loss.

Experimental Section

General.— Melting points were determined in a Kofler block
utilizing a stage calibrated thermometer and are thus corrected.
Boiling points are uncorrected. Infrared spectra were deter-
mined on a Beckman IR-s spectrophotometer. Proton magnetic
resonance spectra are for deuteriochloroform solutions and were
determined on a Varian A-60 instrument; chemical shifts are
reported on the r scale relative to internal tetramethylsilane.
Analytical gas chromatography was performed on F & M 1609
or Varian 1520 A instruments equipped with flame ionization
detectors and Disc Integrators. The glpc results are reported
as follows: peak no., compound name (retention time in min-
utes). For determining yields, the flame responses of authentic
samples were calibrated against those of suitable standards.
Isomers were assumed to have identical flame responses; this
was shown to be true in several cases. Mass spectra were de-
termined at 70 eV on a LKB-9000 combined gas chromatograph-
mass spectrometer. The m/e values are reported for major peaks
followed in parentheses by the per cent of the base peak.

Reaction of Pyridine Ar-Oxide with Acetic Anhydride in Ani-
sole.— A solution of 12.3 g (120 mmol) of acetic anhydride and
7.8 g (83 mmol) of pyridine A'-oxide in 50 ml of anisole was
heated at reflux for ¢ hr. A portion of the cooled reaction mix-
ture was extracted with 10% hydrochloric acid (one 25-ml and
three 15-ml portions). This acidic extract was extracted with
ether (three 5-ml portions), made basic with sodium carbonate,
and extracted with ether (two 25-ml portions) and chloroform

(13) F. Ramirez and P. W. von Ostwalden, J. Amer. Chem. Soc., 81,
156 (1959).
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(three 25-ml portions). The combined organic extract was
dried over magnesium sulfate, concentrated, and examined by
glpc on a 10 ft X 0.125 in. 3% OV-17 column at an initial tem-
perature of 100° with a programmed rise of 4°/min: 1, 2-
acetoxypyridine (12 .2); 2, 2-(0-methoxyphenyl)pyridine (19.9);
3, 2-(m-methoxyphenyl)pyridine (21.1); 4, 2-(p-methoxyphenyl)-
pyridine (21.8). The identification of 2-acetoxypyridine is
based on its mass spectrometric fragmentation pattern which
exhibited major peaks at mse 137, 95, 67, and 43. The mass
spectra of the other peaks are: peak 2, m/e 185 (100), 184 (93),
156 (55), 155 (81), 154 (92), 153 (11), 142 (16), 128 (51), 127
(15), 115 (18), 89 (16), 80 (96), 79 (18), 78 (24), 77 (28), 64
(10), 63 (23), 62 (14), 52 (14), 51 (29), 50 (15), 39 (32); peak
3, m/e 185 (92), 184 (100), 156 (33), 155 (59), 154 (55), 143
(10), 142 (12), 115 (12), 95 (14), 89 (11), 78 (17), 77 (12), 63
(12), 52 (11), 51 (19), 50 (11), 39 (21); peak 4, m/e 185 (100),
184 (9), 154 (s), 143 (39), 142 (20), 115 (s), 63 (9), 51 (10),
39 (11). These spectra are consistent with those expected for
methoxyphenylpyridines. The nmr spectrum of a sample of
peak 2 isolated by preparative glpc shows t 1.70 (q, single
2-pyridyl proton), 2.47-3.50 (m, 7 aromatic protons), 6.43 (s, 3
methyl protons). The 2-0- and 2-p-methoxyphenylpyridine
were found to be identical by glpc and mass spectrometric
comparison with authentic samples. The relative yields
of ortho:meta:para were found to be 50.7:15.5:33.9. In
another run using 4.16 g (43.7 mmol) of pyridine A-oxide and
8.34 g (81.7 mmol) of acetic anhydride in 25 ml of anisole, the
yield of 2-(methoxyphenyl)pyridines was found to be 22%. No
extractions were used in this run and triphenylmethane was used
as the glpc standard. The analysis was performed at 200°.

Reaction of Pyridine A-Oxide with Acetic Anhydride in Benzo-
nitrile.— A solution of 4.4 g (46 mmol) of pyridine A-oxide and
6.6 @ (65 mmol) of acetic anhydride in 50 ml of benzonitrile was
heated for s hr at a bath temperature of 160°. A portion of the
reaction mixture was worked up by the same extraction tech-
niques described above for the same reaction in anisole. The
glpc analysis was also performed in the same way: 1, A--
pyridylacetamide (11.9); 2, probable structure A-(2'-pyridyl)-2-
pyridone (19.8); 3, 2-(m-cyanophenyl)pyridine (20.8); 4, 2-(p-
cyanophenyl)pyridine (21.1); 5, A-2-pyridylbenzamide (22.3).
The material constituting the first peak had the same retention
time and mass spectrum as those of an authentic sample: mass
spectrum m/e 136 (23), 94 (100), 78 (10), 67 (81), 43 (42),
39 (16). The probable structure for the material in the second
peak is derived from its mass spectrum and the fact that this
substance has been noted previously as a product of this reaction:s
mass spectrum m/e 172 (100), 171 (16), 144 (20), 118 (60), 117
(12), 79 (60), 78 (48), 52 (26), 51 (40), 50 (12), 40 (36), 39 (20).
The materials constituting peaks 3-5 had identical glpc behavior
and mass spectra with those of authentic samples. The mass
spectra follow: peak 3, ms/e 180 (100), 179 (47), 153 (9), 152
(), 52 (7), 51 (14), 50 (s ), 39 (s ); peak 4, mse 180 (100), 179 (52),
153 (11), 152 (10), 52 (11), 51 (17), 50 (11), 39 (25); peak 5, m/e
198 (10), 197 (7). 170 (16), 169 (37), 106 (9), 105 (100), 78 (i2),
77 (78), 51 (25), 39 (12). The relative yields of 2-(?re-cyano-
phenyl)- and :-(p-eyanophenyl)pyridine were determined by
glpc to be 71 and 29%, respectively. In another run using 33.2
mmol of pyridine A-oxide and 52.1 mmol of acetic anhydride, by
direct analysis cf the product (no extractions) utilizing 2-me-
thoxynaphthalene as a standard and a 5 ft X 0.125 in. 15% Carbo-
wax column at 200°, the yield of A-2-pyridylacetamide was
found to be 8.5% and those of A-2-pyridylbenzamide and the
2 -(cyanophenyl)pyridines were shown to be less than 1% each.

2-(o-Methoxyphenyl)pyridine (7) and 2-(p-Methoxyphenyl)-
pyridine (9).— These compounds were prepared according to the
method of Gilman and Edwards.io The picrate of the liquid
ortho isomer had mp 155-156° (litio mp 152-155°; lit..a mp
155-156°). The para isomer had mp 47-49° (lit.o mp 47-50°;
lit1a mp 50-51°).

2 -(p-Cyanophenyl)pyridine.— It has been shown:. that aryl
diazonium ions react with pyridine to give arylation very pre-
dominantly in the a position. To a solution of 25 g (0.21 mol)
of p-aminobenzonitrile (Eastman) in 75 ml of concentrated hy-
drochloric acid and 700 ml of water was added dropwise a solution
of 15 g (0.22 mcl) of sodium nitrite in 75 ml of water at 5-10°.
The diazonium solution was then added dropwise over a period
of 1 hr to 250 ml of pyridine and the mixture was stirred for 24

(14) J. W. Haworth, 1. M. Heilbron, and D. H. Hey, J. Chem. Soc., 358
(1940).
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hr at room temperature. The solution was made basic with
concentrated ammonium hydroxide and extracted with chloro-
form (five 100-ml portions). Chloroform and pyridine were
removed from the dried extract by evaporation and the resulting
solid was dissolved in 150 ml of hot ethanol and treated with 45 g
of picric acid in 300 ml of hot ethanol. A crude picrate (20 g,
25%) was obtained by cooling the ethanolic solution in Dry Ice
and recrystallizing the precipitate once from acetone. Several
additional recrystallizations yielded 7.0 g of picrate, mp 172-
173°. The free base was liberated by treatment of this picrate
with 10% ammonium hydroxide and was recrystallized from
acetone-petroleum ether yielding .. g of pure 2 -(p-cyanophenyl)-
pyridine: mp 98-99° (lits mp 97-98°); nmr r 1.25 (q, one
2-pyridyl proton), 2.65-3.50 (m, 7 remaining aromatic protons).

m-Aminobenzonitrile.— A solution of 26 g (0.68 mol) of sodium
borohydride in 350 ml of water was added to a slurry of 200 mg of
10% palladium on charcoal in 100 ml of water.is A solution of
46 g (0.31 mol) of ra-nitrobenzonitrile in 800 ml of methanol
was added dropwise with ice cooling over a period of 50 min while
nitrogen was passed through the mixture. Caution must be
exercised in the above procedure as the order of addition is criti-
cal and an explosion could ensue if the order were reversed.
The reaction mixture was stirred for an additional 15 min, filtered,
acidified with 10% hydrochloric acid, made basic with 10%
ammonium hydroxide, and extracted with ether (nine i00-ml
portions). The dried ether extract was evaporated and the
residue recrystallized from ether yielding 24.2 g (67%) of m-
aminobenzonitrile, mp 53-54° (lit..7 mp 52°).

2-(m-Cyanophenyl)pyridine.— To a solution of 24 g (0.20 mol)
of m-aminobenzonitrile in 700 ml of water and 75 ml of concen-
trated hydrochloric acid was added dropwise a solution of 14 g
(0.20 mol) of sodium nitrite at 5°. The diazonium solution was
then added to 250 ml of pyridine and the resulting solution was
stirred for 24 hr at room temperature. The solution was made
basic with concentrated ammonium hydroxide and extracted with
chloroform (five 100-ml portions). Chloroform and pyridine
were removed from the extract by evaporation.

The residue was dissolved in hot ethanol and treated with 46 g
of picric acid in hot ethanol. The resulting picrate was crystal-
lized from the ethanol with Dry Ice cooling and the crude picrate
was recrystallized several times from acetone, treated with
Norite, recrystallized from ether, and mixed with 10% aqueous
sodium hydroxide; the resulting solid was filtered and recrystal-
lized from pentane-carbon tetrachloride to yield 0.028 g of prod-
uct which contained approximately 70% (glpc) of a compound
which had a retention time and mass spectrum which were iden-
tical with those of the compound assigned the structure 2-(m-
cyanophenyl)pyridine. Since m-aminobenzonitrile was used

(15) E. C. Butterworth, I. M. Heilbron, and D. H. Hey, J. Chem. Soc.>
355 (1940).

(16) This method of reduction of nitro compounds is that of A. J. Nunn
and K. Schofield, ibid., 583 (1952).

(17) E. A. Braude, R. P. Linstead, and K. R. H. Woolridge, ibid., 3586
(1954); M. M. Fickling, A. Fischer, B. R. Mann, J. Packer, and J. Vaughan,
J. Amer. Chem. Soc., 81, 4226 (1959).
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in this preparation, the cyano group in the product is surely at
the meta position. Since this arylation reaction results in very
predominantly 2 -substituted pyridinei. and since the pyridine-
acetic anhydride reaction produced this material along with 2-
p-cyanophenylpyridine, the likelihood is extremely high that the
m-cyanophenyl group is also substituted into the pyridine nucleus
at the 2 position of the latter.

iY-2-Pyridylbenzamide (10, R = Phenyl).—-To a solution of
9.5 g (0.100 mol) of 2-aminopyridine (Aldrich) in 20 ml of dry
pyridine was added dropwise with ice cooling 14.2 g (0.100 mol)
of benzoyl chloride. The reaction mixture was stirred for 90
min at room temperature, 100 ml of water was added, and the
aqueous solution was extracted with chloroform (one 50-ml and
two 20-ml portions). The dried chloroform extract was evap-
orated and the resulting oil was crystallized from benzene-
hexane, yielding 13.9 g (70%) of (V-2-pyridylbenzamide, mp
81-82° (litis mp 82-83°). The product also exhibited an in-
frared spectrum identical with that reported (Sadtler No. 3632).

A-2-Pyridylacetamide (10, R = Methyl).—To a solution of
9.8 g (0.104 mol) of 2-aminopyridine in 20 ml of pyridine was
added dropwise with ice cooling 8.3 g (0.110 mol) of acetyl chlo-
ride. The reaction mixture was stirred for an additional 90
min at room temperature, 100 ml of water was added, and the
reaction mixture was worked up as in the previous experiment to
yield 8.2 g (60%) of A-2-pyridylacetamide, mp 68.0-68.5°
(litss mp 71°; lit.o mp 66-67°). The product exhibited an
infrared spectrum identical with that reported (Sadtler No.
19556).

Conversion of A?-2-Pyridylbenzamide to A'-2-Pyridylacetamide.
— A solution of 2 g of jV-2-pyridylbenzamide, ¢ g of acetic an-
hydride, and s g of acetic acid in 50 ml of benzonitrile was heated
for ¢ hr at a bath temperature of 160°. The benzamide was
shown by glpc to be completely converted to A-z-pyridylacet-
amide. The product identification was based upon glpc com-
parison with an authentic sample.

Registry No.—1, 694-59-7; 2, 3847-19-6; 7, 5957-
89-1; 8, 4373-58-4; 9, 5957-90-4; 10 (R = Ph),
4589-12-2;: 11, 4350-51-0; 12, 32111-34-5; acetic an-
hydride, 108-24-7; anisole, 100-66-3; benzonitrile,
100-47-0; 2v-(2'-pyridy1)-2-pyridone, 3480-65-7.

Acknowledgments.—W e wish to thank the National
Institutes of Health for providing the LKB 9000 com -
bined gas chromatograph-mass spectrometer (Grant
RR 00273) and Dr. C. C. Sweeley and Mr. John Naw-
oral for recording the mass spectra.
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I-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine, isomeric with the corresponding pyrrole, was prepared. The

key step involves the SO: extrusion of a bicyclic sulfolene under reduced pressure.

The structure of the diene

was confirmed by its spectral data as well as by conversion to a dimer and two Diels-Alder adducts.

The synthesis and characteristics of the reactive dou-
ble bond isomer of o-xylene, 4,5-dimethylenecyclohex-
ene, have been reported.l Among the corresponding
isomers of the five-membered oxygen, sulfur, and nitro-
gen heterocycles, only 3,4-dimethylenetetrahydrofuran
has been accessible to date.2 The present article de-
scribes the preparation and characteristics of I-(p-
chlorophenyl)-3,4-dimethylenepyrrolidine, a new dou-
ble bond isomer of 3,4-dimethylpyrrole.

A rather effective way of masking a diene is its cyclo-
addition to sulfur dioxide. This cheletropic,3reversible
reaction has found great synthetic utility not only for
the preparation of sulfonesf&but in particular for stereo-
specific syntheses and protection of dienes and poly-
enes.5-8

3,4-Bis(bromomethyl)-2,5-dihydrothiophene 1,1-di-
oxide (1), which is easily obtained by brominating
the cycloaddition product of 2,3-dimethyl-l,3-butadi-
ene and sulfur dioxide,9seemed to be an attractive pre-
cursor for a masked 3,4-dimethylenepyrrolidine (2).

BrCH RNH,

BrCH X X

However, reaction of the dibromide 1 with various pri-
mary amines under very mild conditions in either pro-
tic or nonprotic solvents produced only intractable mix-
tures. A possible explanation for these results would
be that the strongly acidic character of the sulfolene
protons toward the amines strongly favors proton ab-
straction and thus virtually suppresses the nucleo-
philicity of the amines.

A 1,4-HBr elimination from 1 would then yield rather
reactive dienes, prone to undergo secondary reactions.
By reacting 1 with a weakly basic amine, such as p-
chloroaniline (pK&3.97), in either a protic or a nonpro-
tic solvent, the bicyclic sulfolene 2a (R = p-Cl-C&H49
was obtained in moderate yield. Its nmr spectrum
with singlets at 84.03 and 4.16 ppm, respectively, each
accounting for 4 protons, leaves no doubt about the
symmetry of the structure. In trifluoroacetic acid,

2

(1) W. J. Bailey and J. Rosenberg, J. Amer. Chem. Soc., 77, 73 (1955).

(2) (@) W. J. Bailey and S. S. Miller, J. Org. Chem., 28, 802 (1963); (b)
E. J. Fetter, Diss. Abstr., 22, 2985 (1962) [Chem. Abstr., 57, 758e (1963)];
only indirect evidence is presented for the formation (3-5%) of 3,4-dimethyl-
enethiophane by pyrolysis of 3,4-bis(acetoxymethyl)thiophane.

(3) R. B. Woodward andR. Hoffmann, Angew. Chem., 81, 797 (1969).

(4) (@) S. D. Turk and R. L. Cobb in “14-Cycloaddition Reactions,”
J. Hamer, Ed., Academic Press, New York and London, 1967, pp 13-45;
(b) W. L. Mock, J. Amer. Chem. Soc., 89, 1281 (1967); (c) O. Grummit and
A. L. Endrey, ibid., 82, 3614 (1960).

(5) » W. L. Mock, ibid., 88, 2857 (1966); (b) ibid., 91, 5682 (1969);
(c) ibid., 92, 3807 (1970); (d) ibid., 92, 6918 (1970).

(6) 3.D. McGregor and D. M. Lemal, ibid., 88, 2858 (1966).

(7) E. J. Corey, N. H. Anderson, R. M. Carlson, E. Vedejs, J. Paust, I.
Vlatta?, and R. E. K. Winter, ibid., 90, 3245 (1968).

(8) P. Dowd, ibid., 92, 1066 (1970).

(9) G. B. Butler and R. M. Ottenbrite, Tetrahedron Lett., 4873 (1967).

the signals of the hydrogens adjacent to the now-
protonated N shift to lower field (4.97 ppm). A low-
temperature mass spectrum (100°) exhibits the molec-
ular ion at 269 as well as ra/e 205, the reaction product
of the sulfur dioxide extrusion. Catalytic reduction
of 2a produces a nicely crystalline dihydro derivative 3.
2a is stable in its crystalline state at room temperature
over extended periods of time. In solution, however,
it is slowly oxidized to the pyrrole 4, a reaction which
preparatively and reproducibly can be achieved (60%)
by stirring a solution of 2a in CHZC12with an excess of
an ethanolic solution of (NH42ZZe(N036 for a short
period of time. The assignment of the pyrrole struc-
ture 4 as opposed to the possible alternative (thiophene
1.1- dioxide) is corroborated as follows, (a) The uv
[Xmax 263 mp (e 20,400)] and ir spectraldare compatible
with 1-p-chlorophenyl pyrrole, (b) The pyrrole pro-
tons in the nmr shift from 56.95 (CDC13 to 11.4 ppm
(2 H) in CFCOO0OH, whereas the sulfolene hydrogens
remain virtually in the same area (4.20 and 4.42 ppm,
respectively), (c) The properties of 4 would not be
compatible with the reported11-12 instability of thio-
phene 1,1-dioxides.

Thermolysis of 2a leads to rapid and clean S02
extrusion. Upon heating 2a beyond its decomposition
point (148-155°), the material resolidifies. An nmr
spectrum of this crude and rather insoluble material
(crscoobp) agrees quite well with the Diels-
Alder adduct 6 of the initially formed diene 5. At S
2.1- 2.8 there are the signals (broad) for two allylic
CH2 groups: at 4.1 the peak of the nonallylic CH2
adjacent to the N, at 4.6-4.9 the absorption for 3
allylic CH2s adjacent to N, at 5.5 the geminal vinyl
protons, and finally at 7.6 ppm the 8 aromatic hy-
drogens. A mass spectrum of this material at 205°
clearly reveals it to be a dimer (M+ 410). The next
major fragment is m/e 204, i.e., one mass unit short of
the monomer 5 and thus probably not a molecular ion.
Further confirmation of structure 6 is obtained by
observing a spectrum at 300°; it still reveals M+ 410
(dimer 6) as well as some trimeric material (M+ 615)
and now a relatively strong M + at 205, attributable to
the thermal retro-Diels-Alder reaction.13

Practical preparation of the diene 5 is brought about
simply by subliming the bicyclic sulfolene 2 at 135-
138° (0.1 mm); the crystalline diene can be collected
in 79% vyield. The residue again is dimeric and tri-
meric material. 5 is a relatively stable compound and

(10) (a) Ir of I-(p-chlorophenyl)-3,4-dimethylpyrrole [R. A. Jones,
Aust. J. Chem., 19, 289 (1966)]; (b) uv of 1-phenylpyrrole [253 m/x (log e
4.3)] [J. Davoll, J. Chem. Soc., 3802 (1953)].

(11) (@) W. L. Mock, J. Amer. Chem. Soc., 92, 7610 (1970); (b) L. A.

Carpino, L. Y. McAdams, R. H. Rynbrandt, and J. W. Spiewak, ibid., 93,
476 (1971).
(12) (a) W. J. Bailey and E. W. Cummins; ibid., 76, 1932 (1954); (b)
J. L. Melles and H. J. Backer, Red. Trav. Chim. Pays-Bas, 72, 314 (1953).
(13) H. Kwart and K. King, Chem. Rev., 68, 415 (1968).
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can be stored in its crystalline state. By warming a
solution of the diene, polymeric material is formed quite
readily. The most evident proof for structure 5 is
obtained by its nmr spectrum. The methylene hydro-
gens adjacent to the N appear as an apparent triplet
at 4.05 ppm with an allylic coupling of J = 2Hz. Each
pair of equivalent vinyl protons exhibits a triplet (J =
2 Hz) at 5.05 (exo proton) and at 5.52 ppm (J = 2 Hz)
(endo proton). Finally, the aromatic hydrogens show
the expected AB system, centered at 86.5 and 7.55 ppm,
respectively (J = 9 Hz). The spectrum of 5 is thus in
good agreement with the one reported for tetrahydro-
3,4-dimethylenefuran.2

The isomerization of the diene 5 into the aromatic
pyrrole has not been observed, either thermally (only
oligomeric products formed) or by acid catalysis. The
stability of 5 toward acids is demonstrated by observing
its nmr spectrum in CF3COO0OD: except for a down-
field shift of the aliphatic and vinyl protons, the very
characteristic pattern remains unchanged. The ir
spectrum of the diene 5 has a strong band at 890 cm-1
(out of plane deformation frequency) and at 810 cm-1.
The ultraviolet spectrum of 5 reflects the superimposed
absorptions of the diene and p-chloroaniline chromo-
phores with a Xnex at 253 mu (e 25,800) and 306 (4400).
By subtracting the spectrum of p-chloro-2V,2V-dimethyl-
anilineX4 one obtains a Xmex in the area of 240-260 dri
with an extinction coefficient of 9000, a result which is
compatible with the Xmex 244 uri (t 9820) reported2
for tetrahydro-3,4-dimethylenefuran. The mass spec-
trum of the diene once again reveals its thermal re-
actions: at 265° the most intense molecular ion is at
410 (dimer), whereas M+ 205 is only a minor peak.
Again, mfe 204 is attributed to a fragmentation of the
dimer, rather than to a M — 1 loss of the monomeric
diene 5. At 50° the spectrum shows no dimer and the
“normal” fragmentation pattern of 5 can be observed
with peaks at M+ 205 and m/e 190,154,138, 111.

Some chemical evidence was gained by forming the
Diels-Alder adduct 7 of the diene with dimethyl acetyl-
enedicarboxylate. The Diels-Alder reaction can be
carried out directly on the masked diene 2 as has been
shown by heating equimolar amounts of 2 and A-phenyl-
maleimide in refluxing xylene. The adduct 8 was ob-
tained in a considerably higher yield than by the step-

(14) p-Chloro-.Y,.Y-dimethylaniline, Xmax 260 mu (e 15,900): P,r Gam-
matieakis, Bull. Soc. Chim. Fr., 534 (1951).

Gschwend and Haider

wise procedure 2a 5 7. This is an appealing pre-

parative aspect in the reaction of dienophiles with
rather unstable 1,3-dienes, as had been demonstrated
by other investigators.B:B

Experimental SectionT7

5-(p-Chlorophenyl)-1,3,4,6 -tetrahydrothieno[3,4-c]pyrrole 2,2-
Dioxide (2a).— The dibromo sulfone 1 (12 g, 40 mmol) and 5.1 g
(40 mmol) of p-chloroaniline were stirred in 250 ml of CH.Cl.
1 with 8.45 g of anhydrous Na:Cos for 3 days at room temperature.
After filtration from the inorganic solid, the solvent was removed
in vacuo. The crude residue (15.45 g) was boiled in ethanol,
and after cooling two crops of the bicyclic product 2a (4.2 and
0.9 g, dec pt 147-149°) were obtained (47%). From the mother
liquors 1.85 g of the unreacted dibromo sulfone 1 (12%) could
be recovered. An analytical sample was obtained by washing
the bicyclic sulfone with hot ethanol or by recrystallizing it from
CH:Clz2: both operations raised the decomposition point to
153°; vI17' 1600, 1500, 1370, 1290, 1187, 1110, 1085, 770 cm"1;
nmr (CFsCOOD) 54.22 (s,4H), 4.97 (s, 4H), 7.62 ppm (s, 4 H);
nmr (DMFA-d6) 4.03 (s, 4 H), 4.16 (s, 4 11), 6.55 and 7.22 ppm
(AB, 3 = 9 Hz, 4 H); mass spectrum (100°) M+ 269, m/e 205,
138,111.

Anal.
Found:

Calcd for C12H12CINO-2S:

C, 53.13; H,4.59; N,4.91.
5-(p-Chlorophenyl)-1,3,3a,4,6,6a-hexahydrothieno [3,4-] -
pyrrole 2 ,2-Dioxide (3).— A solution of 4 g (16 mmol) of bicyclic
sulfone in 200 ml of ethanol was hydrogenated over 800 mg of
10% Pd/C at 30 Ib of hydrogen pressure for 2 hr.  After filtration
and removal of some ethanol, the product crystallized: 2.6 g
(65%); mp 174-175°; p**** 1600, 1500, 1375, 1310, 1305, 1130,
1110, 800 cm-1; nmr (CDCIs) s 2.9-3.7 (m, 10 H), 6.53 and 7.2
ppm (AB,J = 9Hz, 4Fl).

Anal. Calcd for CuHUCINOjS:
Found: C, 52.80; H, 5.24; N, 5.05.

5-(p-Chlorophenyl)-I,3-dihydrothieno [3,4-c] pyrrole 2 ,2-Diox-
ide (4).— To a solution of 600 mg (2.23 mmol) of bicyclic sulfone
2ain 30 ml of CH2Cl> was added a freshly prepared solution of 2.5
g of (NH4):Ce(NO36 in 60 ml of ethanol. After the mixture was
stirred for 30 min at room temperature the solvent was removed,
and the residue was taken up in CH2Cl. and washed with water.
After drying over Na.S04 and removal of the solvent, the residue
was filtered through a column of 24 g of silica gel, using CHCls.
The first fraction of 150 ml was evaporated and its residue (400
mg) crystallized from CH:Cl2ether to yield 360 mg of product
(60%), mp 176-177°, as white crystals: r---1 1520, 1500, 1310,
1200, 1130, 825, 790 cm*“l; X™gH 263 mp. (< 20,400); nmr
(CDCl3) s 4.20 (s, 4 H), 6.95 (s, 2 H), 7.35 ppm (AB,/ = 9 Hz,

C, 53.44; H, 4.49; N, 5.19.

C, 53.08; H, 5.20; N, 5.16.

(15) 1. L. Klundt, Chem. Rev., 70, 471 (1970).

(16) L. F. Hatch and D. Peter, Chem. Commun., 1499 (1968).

(17) Melting points were obtained in a Thomas-Hoover melting point
apparatus and are uncorrected. Nmr spectra were recorded on a Yarian
A-60 instrument, ir spectra on a Perkin-Elmer 521, and uv curves on a Cary
Model 14. The mass spectra were recorded on an AElI MS 902 by direct
insertion.
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4 H); nmr (CFsCOOD) 4.42 (s, 4 H), 7.35 (AB,J = 9Hz, 4 H),
11.4 ppm (s, 2H).

Anal. Calcd for Ci2HicCINO2S: C, 53.84; H, 3.76; N, 5.23.
Found: C, 53.52; H, 3.97; N, 5.25.

I-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine (5).— The sul-
fone 2a (500 mg) was left under vacuum (0.1 mm) and 135-138°
overnight. The diene sublimed and was collected (300 mg,
79%). The crystalline residue (dimer) amounted to 80 mg
(21%). The sublimed diene was virtually pure, the only im-
purities being traces of dimeric and polymeric material. The 300
mg were recrystallized from ether-hexane (without excessive
heating) to give a first crop of 110 mg (melting point not detect-
able due to dimerization upon heating): 1600, 1500, 1100,
900, 890, 810 cm“1l; X™fH253 mM(t 25,780), 306 (4420); nmr
(CDCls)s4.05 (~t,/ = 2Hz, 4H), 505 (~t, 3 = 2 Flz, 2H),
552 (t,/ = 2Hz, 2H), 65 and 7.18 (AB, T = 9 Hz, 4 H);
nmr (CFsCOOD) 4.7 (m, broad, 4 H), 5.43 (m, broad, 2 H),
5.93 (m, broad, 2 H), 7.55 ppm (s, 4 H); mass spectrum (50°)
M+205,m/e 190, 168, 154, 138, 111.

Anal. Calcd for CizHi2CIN: C, 70.08; H, 5.88; N, 6.81.
Found: C, 70.18; H, 5.94; N, 6.57.

Dimer of I-(p-Chlorophenyl)-3,4-dimethylenepyrrolidine 6.—«=
The dimer of 5 was obtained as a side product in the preparation
of 5 (see above). By heating the sulfolene 2a for 5 min in an oil
bath of 170°, a complete conversion into crude s is observed (dec
220°). Owing to very poor solubility, purification of the dimer s
was not feasible: nmr (CFsCOOD) 52-2.8 (m, s H), 4.1 (m,
2 H), 46-49 (m, s H), 55 (m, 2H), 7.6 (m, s H); mass spec-
trum (205°) M+ 410, m/e 204, 140, 138, 111; mass spectrum
(300°) M+ 613, 410, 205, m/e 270, 242, 218, 204, 190, 140, 138,
125,111.

Diels-Alder Adduct with Dimethyl Acetylenedicarboxylate (7).
— A solution of 860 mg (4.2 mmol) sublimed diene 5 and 1.5 ml
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(12 mmol) of dimethyl acetylenedicarboxylate in 10 ml of dry
toluene was refluxed for 20 hr. After evaporation of the solvent
the residue is crystallized from ether to give 720 mg of diester
(mp 189-191°) (50%). Recrystallization of 500 mg thereof from
CH:Cl2ether gave 350 mg (mp 189-191°); r If 1740, 1720,
1705, 1650, 1500, 1280, 1060, 810 cm-1; \™I0H260 mM(e24,890),
315 (24901; nmr (CDC13) s 3.05 (s, 4 H), 3.76 (s, s H), 3.94
(s,4H),6.35and 7.13 (AB,/ = 9Hz,4H).

Anal. Calcd for C,sHiCINO,: C, 62.21; H, 5.22; N, 4.04.
Found: C, 62.54; H, 5.35; N, 4.08.

Diels-Alder Adduct with N-Phenylmaleimide (8).— A solution
of 269 mg (1 mmol) of sulfone 2a and 173 mg (1 mmol) of N -
phenylmaleimide in 2.5 ml of xylene was refluxed under nitrogen
for 3 hr. The mixture was then cooled and diluted with some
benzene, and the product crystallized out: 250 mg; mp 204-
206° (s6%); *LT 1708, 1390, 795 cm“l; nmr (CDCI3 8 2.7
(broad s, 4 11), 3.4 (m, 2 H), 404 (s, 4 H), 6.4 and 7.2 (AB,
J = 9 Hz, 4H). 7.4 (m, 5 H); mass spectrum 378 (M+), 230,
204,190,138,111.

Anal. Calcd for C2H1sCIN202 C, 69.76; H, 5.05; N, 7.34.
Found: C, 70.10; H,5.13; N.7.29.

Registry No.—2a, 32515-66-5;
32515-68-7; 5, 32515-69-8; 6, 32515-70-1;
71-2; 8,32515-72-3.

3, 32515-67-6; 4,
7, 32515-
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Tosylhydrazones 1, 2, and 3 undergo fragmentation on treatment with 2 equiv of butyllithium to form allenic

alcohols 4, 5, and s .

We describe here the fragmentation of three a-alk-
oxytosylhydrazones to form the related allenes. In
each case the tosylhydrazone reacted with 2 equiv of
butyllithium in ether-hexane to give an allenic alcohol
in 48-58% vyield, 1, 2, and 3 leading to 4, 5, and 6 as
indicated. These products were characterized by ir

and nmr spectroscopy; in addition, 4 was reduced
over platinum to the saturated alcohol 7, which was

(1) Fellow of the Alfred P. Sloan Foundation and author to whom cor-
respondence should be directed.

Mechanistic pathways and structural restrictions on the reaction are discussed.

identical with an authentic sample.2 Excess base fa-
vored partial isomerization of 5 to the terminal acetyl-
ene 8, and both 1 and 3 yielded a small amount of ole-
finic ether (9 and 10, respectively) in addition to al-
lenes.

Kk k b <
10

9

Closely related transformations suggest two possi-
ble pathways for these fragmentations. A mecha-
nism considered3 for the base-catalyzed decomposition
of a,/3-epoxytosylhydrazones is reproduced in eq 1 and
involves carbon-oxygen bond cleavage in the first step.
The reaction of simple tosylhydrazones with butyl-

(2) Authentic 7 was prepared by reaction of isopentylmagnesium bromide
with acetone: L. R. C. Barclay and J. W. Hilchie, J. Org. Chem., 22, 633
(1957).

(3) A. Eschenmcser, D. Felix, and G. Ohloff, Helv. Chim. Acta, 50, 708
(1967); M. Tanabe, D. F. Crowe, R. L. Dehn, and G. Detre, Tetrahedron
Lett., 3739 (1967).
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H/":B
\ n
, N— N— Ts (n==n—-Ts
| /' |
-C—Cc—C— Cc— — C—rC=C— C—
V> I 4 - i
— C— + —C=C—C— + Nz + Ts- (1

)

lithium, however, requires 2 equiv of base, as shown in
eq 2, and leads to a vinyl anion which is subsequently

h”™ B
o , N-rN-r-Ts
— N— 1 id Vv
' '\I' N—Ts — C— C-tCH
1
1G- C— CH— 1 -
H /B
1 |i| -if
N==N
| d 1=
— C—C=CH— + Ts* —) — C—C=CH— + Nz (2

protonated to furnish the product olefin.4 The two
analogous sequences for formation of aliénés are given
in eq 3 and 4; the key difference is scission of the car-
bon-oxygen bond upon reaction of 1 (eq 3) or 2 (eq 4)

H~B
A .
N— N— Ts (n*N-Q's
N\
-C— C— CH— 4+ —C=C— CH— + RO" —)
A <1
OR H H B
[
— C=C=CH— + N2 + Ts (3
h”™ B
h
N— N— Ts ; N-N-r-Ts
[ | 1 id w
— C— C—CH— —c— GC— CH—
| | | M
OR H OR H B
N=N
| A
— C—C=CH— + Ts&*
kOR
— C=C=CH— + N2 + RO (4)

equiv of butyllithium. Since treatment of 1 with a
single equivalent of base and subsequent work-up leads
only to recovered starting material, it is clear that 2
equiv of base are needed for ether cleavage and that
the pathway of eq 3 is not operative here. Without
the ring strain of an epoxide there is insufficient driv-
ing force for immediate elimination of alkoxide ion,

(4) R. H. Shapiro and M. J. Heath, J. Amer. Chem. Soc., 89, 5734 (1967);
G. Kaufman, F. Cook, H. Shechter, J. Bayless, and L. Friedman, ibid., 89,
5736 (1967).
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and these a-alkoxy derivatives apparently react ac-
cording to eq 4.

It is known46 that simple tosylhydrazones fragment
according to eq 2 only when the second mole of base
can attack the hydrogen of a methyl or methylene
group. The same restriction appears applicable here,
for the tosylhydrazone of a-methoxydiisopropyl ketone
(11) gave no allene upon exposure to butyllithium. A
further structural restriction is that there can be no
hydrogen on the carbon bearing the a-alkoxy group;
the tosylhydrazones of dihydro-3(2fi)-furanone (12)
and a-methoxydibenzyl ketone (13), for example, did
not yield allenes. This behavior probably results from
preferential removal of the more acidic a proton on the
carbon bearing oxygen (eq 5)6 rather than the less

H
H N—-if—Ts N—N—Ts
al ] a' 2LiBu a ] a’ (5)
—C—C—CH— — —C—C—CH—
bRI H dR I H
acidic a' proton necessary for allene formation.

Within these restrictions this fragmentation reaction
should provide a convenient route to allenes structur-
ally related to 4, 5, and 6.

An attempt to generate an allene through ring open-
ing of a cyclopropyl ketone derivative failed. Frag-
mentation of 14 gave only 1-methyl-l-vinylcyelopro-
pane, the product expected from a simple tosylhydra-
zone.

15, R = COCHs

NNHTs
16, R=CN

14

The ketones used in this work were all previously
known with the exception of 15, which was prepared
by addition of méthylmagnésium bromide to 2-methyl-
tetrahydro-2-furonitrile (16)7 and subsequent hydroly-
sis. We assume that the tosylhydrazones derived
from these ketones are mixtures of syn and anti iso-
mers, since they melted over rather wide ranges even
when analytically pure.

Experimental Section

Materials and Equipment.— Unless otherwise noted, both ir
and nmr spectra were obtained for carbon tetrachloride solutions,
the former on a Perkin-Elmer 237B spectrophotometer and the
latter on a Varian A-60 (60 MHz) nmr spectrometer. Vpc was
carried out using a Varian Aerograph Model 700 Autoprep
equipped with a 10 ft X 0.375 in. aluminum column packed with
30% SE-30 on Chromosorb W and operated at 110-135° with a
helium carrier gas flow rate of 120 ml/min. Melting points are
corrected.

(5) W. G. Dauben, M. E. Lorber, N. D. Vietmeyer, R. H. Shapiro, J. H.
Duncan, and K. Tomer, ibid., 90, 4762 (1968).

(6) For aninvestigation of such systems, see J. H. Robson and H. Shechter,
ibid., 89, 7112 (1967).

(7) R. Justoni and M. Terruzzi, Gazz. Chim. Ital., 80, 259 (1950).
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Preparation of Tosylhydrazones. A. General Procedure.—
A solution containing equimolar quantities of ketone and p-tolu-
enesulfonyl hydrazine in anhydrous methanol or ethanol was
heated at reflux for :-2 hr. The corresponding tosylhydrazone,
which crystallized from solution on cooling, was isolated by fil-
tration, dried in vacuo, and used in the next step without further
purification. An analytical sample was prepared by recrystalli-
zation from methanol or ethanol. These derivatives all showed
ir absorption (CHCIs) at approximately 3200, 1600, and 1160
cm-1.

B. 2,2,5,5-Tetramethyltetrahydrofuran-3-one Tosylhydra-
zone (1).— 2,2,5,5-Tetramethyltetrahydrofuran-3-ones gave a
94% vyield of 1: mp 169-171°; nmr (CDCU) s 1.23 (s), 1.25 (s)
(12H), 2.44 (s,5H), 7.30 (d, 3 = s Hz, 2H), 7.5 (br, : H), 7.83
(d,/ = s Hz, 2H).

Ancl. Calcd for CisH22N20sS: C, 58.03; H, 7.15; N, 9.03.
Found: C, 58.14;H, 7.18; N, 9.10.
C. Methyl 2-(2-Methyltetrahydrofuryl) Ketone Tosylhydra-

zone (2).— Methyl 2-(2-methyltetrahydrofuryl) ketone (15) gave
70%cf2: mp 128-130°; nmr (CDC13) 51.25 (s), 1.78 (s), 1.4-2.2
(m), 2.43 (s), 3.8 (m), 7.41 (d, 3 = & Hz), 7.6 (br, 1 H), 7.86
(d, 3 = s Hz).

Anal. Calcd for CiaH20N20sS:
Found: C, 56.78; H, 6.80; N, 9.54.

D Dihydro-2,2,6,6-tetramethyl-2H-pyran-3(4H)-one Tosyl-
hydrazone (3).— Dihydro-2,2,6,6-tetramethyl-2H-pyran-3(4ii)-
ones gave 82% of 3: mp 151-154°; nmr (CDC13) s 1.13 (s, s H),
1.27 (s, s H), 1.6-2.4 (m, 4H), 2.44 (s, 3H), 7.28 (d, / = s Hz,
2H),7.6 (br,1H),7.83 (d,/ = s Hz, 2H).

Anal. Calcd for CisH2N20sS: C, 59.24; H, 7.46; N, 8.64.
Found: C,59.38;H,7.52;N, 8.52.

E. Tosylhydrazone of a-Methoxydiisopropyl Ketone (11).—
This derivative was obtained from 1liin 83% yield, mp 111 —
124°,

And. Calcd for CisH24N20sS:
Found: C,57.75;H, 7.66; N, 9.14.

F. Tosylhydrazone of Dihydro-3(2//)-furanone (12).— This
derivative was obtained from 12u in ss% yield, mp 139-147°
dec.

And. Calcd for CuHuN20sS: C, 51.95; H, 5.55; N, 11.02.
Found: C, 52.01;H, 5.55; N, 11.13.

G. Tosylhydrazone of a-Methoxydibenzyl Ketone (13).—

This derivative was prepared from 13,12mp 100-104°.

C, 56.73; H, 6.80; N, 9.45.

C, 57.66; H, 7.74; N, 8.97.

And. Calcd for CzH24N20sS: C, 67.63; H, 5.92; N, s s56.
Found: C, 67.63;H,5.90;N,6 ss.
H. Methyl I-(I-Methylcyclopropyl) Ketone Tosylhydrazone

(14).— This derivative was obtained from the commercially avail-
able ketone in 76% yield, mp 138-141°.

Anal. Calcd for CisH1N202S: C, 58.62; H, 6.81; N, 10.52.
Found: C, 58.88; H, 6.80; N, 10.54.

Reaction of Tosylhydrazones with re-Butyllithium. A. Gen-
eral Procedure.— A slurry of tosylhydrazone in ether (10 ml/g)was
stirred at 25° under nitrogen and 2.5-3.0 equiv of a 2.55 M solu-
tion of n-butyllithium in hexane was added dropwise during a
period of 30 min. After an additional 10 min water was added
and the mixture was extracted with ether. The resulting ethereal
solution was dried (Na-S04) and concentrated, and the residue
was distilled at reduced pressure. When more than one product
was present the ratio of components was determined from their
relative vpc peak areas. Analytical samples were obtained by
preparative vpc.

B. Reaction of 2,2,55-Tetramethyltetrahydrofuran-3-
Tosylhydrazone (1) with n-Butyllithium.— Tosylhydrazone 1
gave a 58% vyield of 2,5-dimethyl-3,4-hexadien-2-ol (4): bp 57°
(12 Torr); ir 3600, 3500-3100, 1950 cm*“1; nmr s 1.27 (s, s H),
1.71 (i, 3 = 3Hz,s H), 2.2 (br, 1 H), 5.10 (m, 1 H). The spec-
tral data for : are in agreement with published:s values.

The distillation forerun contained a 3% yield of 2,2,5,5-tetra-
methvl-2,5-dihydrofuran (9):14 ir 3050 cm-1; nmrs 1.23 (s, 12 H),
5.55 (s,2 H).

(8) H. Richet, Ann. Chim. (Paris), 3, 317 (1948).

(9) I. K. Korobitsyna and K. K. Pivnitskii, Zh. Obshch. Khim., 30, 4016
(1960); J. Gen. Chem. USSR, 30, 3975 (1960).

(10) A. A. Sacks and J. G. Astor, J. Amer. Chem. Soc., 73, 3902 (1951).

(11) J. H. S. Weiland, H. Dijkstra, and A. B. Pik, Réel. Trav. Chim.
Pays-Bas, 82, 651 (1963).

(12) A. W. Fort, J. Amer. Chem. Soc., 84, 2620 (1962).

(13) M. Bertrand and R. Maurin, Bull. Soc. Chim. Fr., 2779 (1967).

(14) N. Lozac’h, ibid., 286 (1949); A. S. Zanina, S. |. Shergina, and
l. L. Kotlyarevskii, Zh. Prikl. Khim. (Leningrad), 36, 203 (1963).
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C. Reaction of Methyl 2-(2-Methyltetrahydrofuryl) Ketone
Tosylhydrazone (2) with n-Butyllithium.— Tosylhydrazone 2
gave a 53% yield of distillate (bp 45°, 1.0 Torr) containing two
components in a 9:1 ratio. The major component was identified
as 4-methyl-4,5-hexadien-l-ol (5): ir 3625, 3500-3100, 3020,
1940 cm”1; nmr s 1.68 (t, 3 = 3 Hz), 1.2-2.3 (m) (7 H), 3.26
(s, 1 H, exchanges with D20), 3.54 (t, 3 = 7 Hz, 2 H), 4.54 (m,

2 H).

Anal. Calcd for CsHi0: C, 74.95; H,
74.84; H, 10.84.

The minor component was identified as 4-methyl-5-hexyn-I-
Ol (s): ir 3625, 3500-3100, 3300, 2085 cm"1; nmr s 1.17 (d,/ =
7 Hz, 3H), 1.4-1s (m, 4 H), 192 (d, 3 = 2.5 Hz, 1 H), 2.38
(m, 1 H), 3.06 (brs, 1H, exchanges with D20), 3.55 (t, / = s Hz,
2 H).

10.78. Found: C,

Anal. Calcd for C/H20: C, 74.95; H, 10.78. Found: C,
75.10; H, 10.94.
D. Reaction of Dihydro-2,2,6,6-tetramethyl-2Af-pjrran-3(4H)-

one Tosylhydrazone (3) with re-Butyllithium.— Tosylhydrazone 3
gave a 74% yield of distillate containing two components in a 2:1
ratio. The major component was identified as 2,6-dimethyl-4,5-
heptadien-2-ol (s): ir 3600, 3560, 3500-3100, 1950 cm-1; nmr
1.15 (s, s H), 1.34 (s, 1 H, exchanges with D20), 1.68 (d,J = 3
Hz, s H), 2.04 (c,J = 8 Hz, 2H), 4.86 (m, 1 H).

Anal. Calcd for CeHO: C, 77.09; H, 11.50.
77.03; H, 11.47.

The minor component was identified as 2,2,6,6-tetramethyl-2,-
3-dihydropyran (10): ir 3025, 700 cm-1; nmr s 1.16 (s, 12 H),
1. 87 (m, 2H), 5.59 (brs, 2H).

Found: C,

Anal. Calcd for CgHwWO: C, 77.09; H, 11.50. Found: C,
77.06; H, 11.55.
E. Reaction of Methyl I-(I-Methylcyclopropyl) Ketone Tos-

ylhydrazone (14) with re-Butyllithium.— Tosylhydrazone 14 gave
1-methyl-I-vinylcyclopropanes which was isolated by vpc: ir
3065, 890 cm-1, nmr 0.53 (s, 4 H), 1.16 (s, 3 H), 4.6-5.5 (m, 3
H). There was no evidence of formation of 3-methyl-1,2-penta-
diene.

Methyl 2-(2-Methyltetrahydrofuryl) Ketone (15).-—To 8.5 ml
of ca. 3M methylmagnesium bromide (ea. 1.4 equiv) in ether was
added dropwise 2.0 g of nitrile 167in 20 m1 of ether. The result-
ing mixture was heated at reflux for 1 hr and then treated with 2
M agueous hydrochloric acid until acidic. After being stirred
at room temperature for 15 min, the reaction mixture was worked
up with ether and water to give 1.95 g (84%) of yellow oil. This
showed a single oeak on vpc analysis. A sample was purified by
vpc: ir 2960 (m), 2750 (m), 1720 (s), 1350 (m), 1105 (m), 1038
cm-1 (m); nmr 31.23 (s, 3 H), 1.4-2.4 (m), 2.10 (s) (7H), 3.85
(m, 2 H).

Anal. Calcd for C/Hi:022 C, 65.59; H, 9.44.
65.45; H, 9.54.

Catalytic Hydrogenation of 2,5-Dimethyl-3,4-hexadien-2-ol
(4).— A solution of 0.257 g of 4 in 2.0 ml of methanol was hydro-
genated at 1 atm over 20 mg of platinum oxide. A hydrogen
uptake of approximately - mol was observed, after which the solu-
tion was filtered and concentrated, and the residue was collected
by preparative vpc. The major component, amounting to 60%
of the volatile material was identified as 2,5-dimethyl-2-hexanol
(7) by comparison of its ir and nmr spectra with those obtained
from an authentic sample:2 ir 3600, 3500-3100 cm*“1; nmr s 0.88
(d,3 = 5Hz, 6 H), 1.13 (s, s H), 1.2-1.7 (m, 5H), 2.47 (s, 1 H,
exchanges with D20).

Found: C,

Registry No.—1, 32319-67-8; 2, 32319-68-9; 3,
32319-69-0; 4,2424-45-5; 5,32319-71-4; 6,32319-72-5;
7,3730-60-7; 8,32319-74-7; 9,32319-75-8; 10,32319-
76-9; 11 tosylhydrazone, 32319-77-0; 12 tosylhy-
drazone, 1708-19-6; 13 tosylhydrazone, 32380-91-9;
14, 22301-72-0; 15, 32318-87-9; 1-methyl-l-vinyl-
cyclopropane, 16906-27-7.
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(15) L. A. Nakhapetyan, I. L. Safonova, and B. A. Kazanskii, Bull.
Acad. Set. USSR, Dm. Chem. Set., 840 (1962); R. J. Ellis and H. M. Frey,
J. Chem. Soc., 95E (1964).
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Thermal dimerization of methylallene has been investigated in a static system at 170° for various lengths of

time.

On the basis of spectral data and chemical evidence, the structures of all seven dimethyl-1,2-dimethylene-

cyclobutanes possible from the dimerization are assigned, namely trans- and cis-3,4-dimethyl-I,2-dimethylene-
cyclobutane (1 and 2), 3-methyl-2-methylene-sjy»-ethylidenecyclobutane (3), 3-methyl-2-methylene-a?ifi-ethyl-
idenecyclobutane (4), sj/»,si/ii-l,2-diethylidenecyclobutane (5), areii,sj/n-l,2-diethylidenecyclobutane (s ), and anti,-

anif-1,2-diethylidenecyclobutane (7).
25:4:37:18:13:3:0.5.

Allene has long been known to give two dimeric prod-
ucts, 1,2- and 1,3-dimethylenecyclobutane, in a ratio
of 85:15 along with various oligomers upon heating.1
However, none of the latter type of dimer (head to tail)
has been reported as being formed in the cases of dimer-
ization of substituted allenes. On the basis of these
observations, it has been postulated that combination
of two molecules of allene occurs initially between two
central carbon atoms to form a relatively stable bisallyl
diradical which then collapses to the products.2 Al-
though the stereochemistry of the substituted allene
dimers had long been unknown, recent work on dimer-
izations of tribromoallene,34 trichloroallene,5 methyl-
allene,6 chloroallene,7 and 1,3-dimethylallene8 revealed
that the major products are those with substituents
trans on the cyclobutane ring and syn on the exocyclic
double bonds. Interest has also focused on the stereo-
chemistry of dimer products from optically active and
racemic chiral allenes.89

In view of the close relationship of allene dimeriza-
tion to the degenerate thermal rearrangement of 1,2-
dimethylenecyclobutanes,6 1011 dimerization of methyl-
allene was studied in hopes of providing additional
information on the thermal rearrangements of trans- and
cis-3,4-dimethyl-l,2-dimethylenecyclobutane6 (1 and
2). In this work, the characterization of the seven
possible nongeminal dimethyl-1,2-dimethylenecyclo-
butanes and their distribution from the thermal dimer-
ization of methylallene are recorded.

Dimerization of Methylallene.—Thermal dimeriza-
tion of methylallene in a flow system has been re-
ported,12 but no compounds were separated or identi-
fied; only the molecular weight, 105.9 (Victor Meyer
method), of a fraction boiling from 75 to 135° (760
Torr) was obtained. The results of dimerization of
methylallene in a static system at 170° for various

(1) (a) S. V. Lebedev, J. Russ. Phys. Chem. Soc., 45, 1249 (1913); Chem.
Ahstr., 8, 320 (1914); (b) J. K. Williams and W. H. Sharkey, J. Amer.
Chem. Soc., 81, 4269 (19509).

(2) (a) J. D. Roberts and C. M. Sharts, Org. React., 12, 1 (1962); (b)
D. R. Taylor, Chem. Rev., 67, 317 (1967).

(3) A. Roedig and N. Detzer, Justus Liebigs Ann. Chem., 710, 1 (1967).

(4) A. Roedig, N. Detzer, and H. J. Friedrich, Angew. Chem., Int. Ed.
Engl., 3, 382 (1964).

(5) A. Roedig and N. Detzer, ibid., 7, 471 (1968).

(6) See J. J. Gajewski and C. N. Shih, J. Amer. Chem. Soc., 91, 5900
(1969), for a preliminary communication of part of this work.

(7) T. L. Jacobs, J. R. McClenon, and O. J. Muscio, Jr., ibid., 91, 6038
(1969).

(8) J. J. Gajewski and W. A. Black, Tetrahedron Lett., 899 (1970).

(9) W. R. Moore, R. D. Bach, and T. M. Ozretich, 3. Amer. Chem. Soc.,
91, 5918 (1969).

(10) J. J. Gajewski and C. N. Shih, ibid., 89, 4532 (1967).

(11) W. von E. Doering and W. R. Dolbier, Jr., ibid., 89, 4534 (1967).

(12) C. D. Hurd and R. N. Meinert, ibid., S3, 289 (1931).

The relative amounts of compounds 1-7 produced at low conversion are
As the reaction proceeds, however, the relative amounts of 1, 2, 3, and 4 decrease.

lengths of time are given in Table I. Preparative vpc
on dibutyl tetrachlorophthalate (DBTCP) allowed

Table |

Percentages of Dimer Products from Methylallene
(at 170°) in Order of Increasing Retention Time on
DBTCP Capillary Vpc Column

hr 1 2 3 4 5 6 7

i 25 4 37 18 13 3 ~0.5
13« 10 2 32 14 29 11 2
20 4 0.6 25 7 46 15 2.5

“ Recovered methylallene, 32% (minimum); dimer,
less volatile material, s %; nonvolatile material, 31%.

29%;

isolation of each peak except 4, which was obtained as
a mixture with 3. Large quantities of pure 4 could be
obtained from pyrolysis of 1.6

Structural and Stereochemical Assignments. Spec-
troscopic Studies.—From the uv of each material, it
was clear that all were cisoid, conjugated dienes, and
the nmr spectral data (Table Il) allowed assignment
of the stereochemistry in every case.1l3 Thus, ring
proton resonances in 1 are at higher field than those of 2
indicating that 1 had trans dimethyls while 2 had the
cis stereochemistry. Secondly, methyl groups syn
on the double bonds would be expected to be deshielded
by the adjacent double bond and therefore at lower
field than the anti methyl groups. The nmr spectra
and vpc retention times of both 6 and 7 were identical
with those of the two 1,2-diethylidenecyclobutanes ob-
tained from the base-catalyzed isomerization of cis-
1,2-divinylcyclobutane. 4

Chemical Studies.—Chemical evidence for the as-
signments was also obtained. Thus, to distinguish
between the 3,4-dimethyl compounds, 2 was syn-
thesized by an unambiguous route shown in Scheme 1.

Thus compound 2 was synthesized from the sensi-
tized, 2 + 2 photocycloadduct of maleic anhydride and
2-butyne,’ namely 8, by reduction first with lithium
aluminum hydride and then with hydrogen gas in
methanol over a platinum catalyst giving, mostly, cis-

(13) For background in interpretation of the relative chemical shifts
in these systems, see N. S. Bhacca and D. H. Williams, “Applications
of NMR Spectroscopy in Organic Chemistry,” Holden-Day, San Francisco,
Calif., 1964, pp 47,88, 89.

(14) (a) P. Heimbach and R. Schimpf, Angew. Chem., Int. Ed. Engl., 8,
206 (1969); (b) P. Heimbach, private communication; (c) the authors
thank Dr. Heimbach for a generous sample of this mixture.

(15) R. Criegee, U. Zirngibl, H. Furrer, D. Seebach, and G. Freund, Chem.
Ber., 97, 2942 (1964).
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Scheme |
.CHDH Itsci
2. Nal
3. KOH
chdh
9
Lo
X 3 A
AH) NeOEt 4 H—EHO0H
EtiO 110 Irg = X 5. LiAIH,
X g.'ll\'zld—mridire .
= . , CIS
X = COZEt . & KeH 1, trans 2
10, meso + threo
Table Il
Uvaand Nmrs Data for all CsHiz Hydrocarbons Reported Herein
Uv Ir
Compd max Vinyl H's ezxo~Methylene H's Ring tertiary H's Ring secondary H’s Vinyl Me H’s Ring Me H’s
i 244 5.03 s, 4.64 s 2.38m 1.18 d
2 245 5.03 s, 4.65 s 297 m 1.06 d
3 248 52q 498s,4.75 s 2.7m 2.7m,2.1m 1.78 d 1.2 d
4 248 5.64m 5.0s, 4.6s 2.8 M 2.8 M 2.12 M 1.62d 1.2 d
5 247 4.98 q 240 s 1.77 d
6 249 5.47q,5.0 q 245 brs 1.6, 1.7
(2 d’s)
7 252 5.33¢q 2.48s 1.55d
12 216 6.32 (dd) 1H; 549 (9): H; 4.7-5.3(m)4H; 1.77 (s)3H 1.70(d) 3H
13 216 6.33 (dd) 1 H; 5.0 (m)s H; 2.23 () 2H; 1.05 (t) 3H

1 In isooctane, reported in nanometers.

1,2-bis (hydroxymethyl) -m-3,4-dimethylcyclobutanel’
(9), which was treated with excess tosyl chloride in
pyridine, doubly displaced with iodide ion in acetone,
and doubly dehydroiodinated with molten potassium
hydroxide, according to the method of Dorko.’6 The
volatile material was a 1:9 mixture of two compounds
identical with the first and second vpc peaks, respec-
tively, from the methylallene dimerization. It was
also found that hydrogenation with 10% palladium on
carbon as catalyst gave the same mixture.

Large quantities of both 1 and 2 were available by
reductive dimerization of diethyl ethylidenemalonate
to give meso- and f/ireo-l,1,4,4-tetracarbethoxy-2,3-
dimethylbutanel7 (10) (1:1 mixture), which could be
cyclized to 1,1,2,2-tetracarbethoxy-3,4-dimethylcyclo-
butane (11) and decarboxylated to a mixture of 3,4-
dimethylcyclobutane-l,2-dicarboxylic acids,I7which, af-
ter esterification, were reduced with lithium aluminum
hydride and then converted to a nearly 1:1 mixture of
1 and 2 by the elimination sequence described above.
Compounds 1 and 2 were identical with the first and
second vpc peaks from the methylallene dimerization,
respectively.

To distinguish between the two 2-ethylidene-4-
methyl compounds, 3 was subjected to vapor phase
pyrolysis at 260°6and gave nearly quantitatively (90%)
a triene, 3-methylene-4-methyl-;runs-1,4-hexadiene
(12). The trans stereochemistry was assigned in anal-
ogy to Gil-Av’s finding that 3-methylcyclobhtene gave

(16) E. A. Dorko, J. Amer. Chem. Soc., 87, 5518 (1965). The authors
thank Professor R. Cargill for the details of this procedure.

(17) 1. Vogel, J. Chem. Soc., 594, 1985 (1927).

s At 100 MHz in carbon tetrachloride reported in parts per million downfield from TMS.

£rcms-1,3-pentadiene upon pyrolysisi® and Frey’s re-
sults with the thermolysis of 1,2,3,4-tetramethyl- and
l,4-dimethylcyclobutene.183° The triene 12 could only
arise from 3 by a 1,5-hydrogen shift9to give 1-vinyl-
2,3-dimethylcyclobutene, which would be expectedi82D
to ring open to 12. On the other hand, the anti ma-

3

terial 4 underwent substantially slower conversion to
12 under these conditions.6

Lastly, to distinguish between 5, 6, and 7, the first
two were individually subjected to vapor phase pyrol-
ysis at 260° and each gave clearly a new triene, 2-
ethyl-3-methylene-l,4-pentadiene (13), also via the
1,5-hydrogen shift; 7 was relatively inert under the
reaction conditions.6

(18) (a) E. Gil-Av and J. Shabtai, J. Org. Chem., 29, 257 (1964); (b)
H. M. Frey, D. C. Marshall, and R. F. Skinner, Trans. Faraday Soc., 61,
861 (1965); (c) G. R. Branton, H. M. Frey, and R. F. Skinner, ibid., 62,
1546 (1966).

(19) R. B. Woodward and R. Hoffmann, J. Amer. Chem. Soc., 87, 2511
(1965).

(20) See (a) E. F. Kiefer and J. Y. Fukunaga, Tetrahedron Lett., 933
(1969); (b) E. F. Kiefer and C. H. Tanna, J. Amer. Chem. Soc., 91, 4478
(1969), for analogous reactions.
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Discussion

Dimer Distributions.—The data of Table | reveal
that some chemical fractionation of the dimers oc-
curred during the first 65% of reaction. Thus, as the
reaction proceeded, the percentages of 1 and 2 decreased
relative to the other materials, as did those of 3 and
4, albeit somewhat less. Nevertheless, there had been
relatively little fractionation thus allowing the con-
clusion that the dimer distribution after 1 hr of reaction
reflects the relative energetics of pathways leading to
the dimers. After extended reaction periods, chemical
fractionation is very possible owing to the difference
in reactivity of the various products undergoing secon-
dary reactions in the mixture. It is known that tetra-
methyl-l,2-dimethylenecyclobutane undergoes polym-
erization much faster than 1,2-diisopropylidenecy-
clobutane and I-isopropylidene-2-methylene-3,3-di-
methylcyclobutane in the dimerization of 1,1-dimethyl-
allene. 2021

A second conclusion is that the dimer distribution
reflects the relative thermodynamic stabilities of the
various compounds within the first family, namely,
1 and 2, but not in the other two, 3 and 4, or 5, 6, and
7. Inspection of models reveals that nonbonded inter-
actions would render 3 less stable than 4, and 5 should
be less stable than 6, which in turn would be less stable
than 7. Unfortunately, there is presently no experi-
mental verification of these expectations. Nonetheless,
it does appear that the transition states for formation
of dimeric product reflect the stability of products only
at the developing doubly allylic cyclobutane bond and
not at the residual unsaturated linkages. It is not ob-
vious what is responsible for the dimer distribution
obtained in the methylallene dimerization, but it is
possible that as a result of various twisting motions
associated with a concerted, or effectively so,9 cyclo-
addition, the sterically most favored orientation of
addends at the transition state is drawn inexorably into
the highest potential energy well on the energy surface
responsible for formation of two of the three families
of dimeric products.

Experimental Section

General.— Nuclear magnetic resonance spectra were recorded
on Varian A-60 and HA-100 spectrometers. Carbon tetrachlo-
ride was used as a solvent with TMS (or chloroform) as an in-
ternal lock in frequency sweep mode; chemical shifts are re-
ported as 5 values in parts per million downfield from TMS.
Infrared spectra were obtained with Perkin-Elmer Model 137
and 137G spectrophotometers in the indicated phase. Vapor
phase chromatography was performed on Varian Aerograph
A90P-3 and Series 1220-2 (capillary) instruments using dibutyl
tetrachlorophthalate (DBTCP) as liquid phase. For separation
and purification, a 15 ft X 0.25 in. column with 30% DBTCP
on 60-80 Chromosorb W was used and operated at 130°, 40
psi, and 60 ml/min of helium. A 200-ft DBTCP capillary col-
umn operated at 90° and 30 psi was used for analysis. Mass spec-
tra were taken on an AEl MS-9 mass spectrometer operating at
70 eV. Melting points were measured with a Thomas-Hoover
capillary melting point apparatus without correction.

Dimerization of Methylallene.— Heavy wall 5-ml tubes, which
were washed with dilute ammonium hydroxide solution and dried,
each containing 450 ;A of methylallene (99+ % by vpc), were
evacuated and sealed at liquid nitrogen temperature. Four
such tubes were placed in a 150-ml stainless steel bomb, which
contained about 10 ml of benzene for balancing the vapor pres-

et) S. V. Lebedev, J. Russ. Phys. Chem. Soc., 43, 1735 (1911); Chem.

Abstr., 6, 1373 (1912).
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sure of methylallene at reaction temperature, and heated at 170°
in an oven for the desired lengths of time. The compositions
of the dimers were determined by analyses of the samples taken
from several individual tubes on a 200-ft DBTCP capillary col-
umn. Retention times were compared with those of authentic
samples. The average percentage compositions of the dimers
obtained from pyrolyses for 1, 13, and 20 hr are shown in Table 1.

The reaction mixture from a 13-hr reaction (5.78 g) was frac-
tionated bulb to bulb, giving 1.83 g (31.6%) of unchanged
methylallene, from 760 to 135 Torr at room temperature, 1.66
g (28.8%) of a dimer fraction from 10 to 0.5 Torr at room tem-
perature, 0.5 g (8.65%) of a liquid at 0.5 Torr at 95°, and 1.79 g
(31%) of a residue. After passage of 1.5 g of the distilled dimer
mixture through a preparative DBTCP column, the following
compounds, 1-7, in the order of increasing retention time were
obtained.

trans-3,4-Dimethyl-1,2-dimethylenecyclobutane (1).— Nmr
and ir spectra were superimposable in all respects on those of the
pure compound obtained by independent synthesis (see below).

cfs-3,4-Dimethyl-1,2-dimethylenecyclobutane (2).— Nmr and

ir spectra were superimposable in all respects on those of the pure
compound obtained by independent synthesis (see below).

3-Methyl-2-methylene-si/n-ethylidenecyclobutane (3).— 3-
Methyl-2-methylene-si/n-ethylidenecyclobutane (3) was obtained
pure by passage three times through the DBTCP preparative
column: nmr (CCl<, 100 MHz) s 1.2 (d, 3 = ¢ Hz, 3 H), 1.78
(d with fine structure, / = s Hz, 3 H), 2.1 (m, 1 H), 2.7 (m,
2H), 4.75 (s, 1 H), 4.98 (s, 1 H), 5.2 (g with fine structure, 1 H);
ir (CCh) 3.24 (w), 3.3 (sh), 3.38 (s), 3.42 (s), 3.48 (m), 6.0 (m),
6.14 (m), 6.92 (m), 7.31 (m), 11.43 m (s); uv (isooctane) 239,
248 (Xmex), 258 nm; m/e 108.0946 (calcd for CsHi2 108.0939).

3-Methyl-2-methylene-areii-ethylidenecyclobutane (4).— 3-
Methyl-2-methylene-anii-ethylidenecyclobutane (4) was not ob-
tained pure from the dimer mixture, since even with repeated
injections through the column it was still contaminated by 3.
However, it could be isolated from the pyrolysate of the stereo-
specific thermal rearrangement of 1 (see below).

syri,syn-l,2 -Diethylidenecyclobutane (5): nmr (CCh, 100
MHZz) s 1.77 (d, 3 = 7 Hz, ¢ H), 2.4 (s with fine structure, 4
H), 498 (q, 3 = 7 Hz, 2 H); ir (CCh) 3.3 (sh), 3.37 (s), 3.42
(s), 3.49 (m), 4.28 (w), 6.94 (m), 6.99 (m), 7.26 (sh), 7.32 (m),
9.54 (w), 9.77 (w), 10.73 m (m); uv (isooctane) Xmax 247 nm;
m/e 108.0946.

anil,st/n-1 2 -Diethylidenecyclobutane (s): nmr (CC14 100
MHz )s 1.6, 1.7 (2 overlapped d's, / = 7 Hz, s H), 2.45 (broad
s, 4 H), 50 (q with fine structure, J — 7 Hz, 1 H), 5.47 (q
with fine structure, J = 7 Hz, 1+ H); ir (CCh) 3.3 (m), 3.38 (),
3.4 (s), 3.49 (m), 3.52 (sh), 4.28 (w), 6.06 (w), 6.98 (m), 7.08
(sh), 7.3 (m), 10.35 (w), 10.7 (w), 12.08 m (s);
241, 249 (Xmex), 250 nm; m/e 108.0946.

anti,anti-l1 ,2-Diethylidenecyclobutane (7).— This compound

was isolated after repeated injections; nmr (CCh, 100 MHZ)
8 1.55 (d, J = 7 Hz, 6 H), 2.48 (s, 4 H), 5.33 (q with fine struc-
ture, J = 7 Hz, 2 H); ir (cc14) 3.3 (w), 3.37 (m), 3.4 (m), 3.42
(m), 3.5 (W), 6.04 (w), 6.94 (m), 7.3 p (w);
243,252 (XmeX), 262 nm; m/e 108.0937.

Cis-3,4-Dimethyl-1,2-dimethylenecyclobutane (2).—To a cold
solution of s g (42 mmol) of recrystallized p-toluenesulfonyl
chloride in 20 ml of pyridine was added a cold solution of > g
(13.9 mmol) of crude cis-1,2-bis(hydroxymethyl)-a's-3,4-di-
methylcyclobutaness (9) in 10 ml of pyridine and the solution was
stirred for 3 hr at 0°. Then to the reaction mixture was added a
small volume of ice water. After the mixture was stirred for
20 min, it was poured into ice water. The solid precipitate was
filtered from the mixture and dissolved in ether. This ether
solution was dried over anhydrous magnesium sulfate and evap-
orated in vacuo, giving 4.4 g (70% yield) of white crystals. Re-
crystallization from ether-pentane gave cis-3,4-dimethyl-cis-
1,2-bis(tosyloxymethyl)cyclobutane: mp 102-103°; nmr (CD-
CI3 60 MHz) 8 0.9 (m, width at half-height & Hz, s H), 1.9-
2.8 (complex m, 4 H), 243 (s, s H), 4.05 (m, width at half-
height ¢ Hz, 4 H), 7.54 (A:B2 / = s Hz, ¢ H); ir (CS2 3.36
(sh), 3.46 (m), 7.32 (s), 8.4 (sh), 8.5 M(s).

To aboiling solution of s .2 g (41.3 mmol) of sodium iodide in 50
ml of acetone was added a solution of 4.4 g (9.75 mmol) of the
ditosylate in 45 ml of acetone. After the reaction mixture was
refluxed for 33 hr, it was evaporated to dryness, and the residue
was dissolved in ether. The yellow ether layer was then washed
with a saturated aqueous sodium sulfite solution until the organic

uv (isooctane)

uv (isooctane)
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layer was colorless. After having been washed with water and
dried over anhydrous sodium sulfate, the solvent was evapo-
rated, giving 3.38 g (95% vyield) of a pale yellow viscous liquid,
«'s-3,4-dimethyl-cfs-1,2-bis(iodomethyl)cyclobutane: nmr (CD-
Ch, 60 MHz) 51.02 (m, width at half-height s Hz, ¢ H), 1.68-
2.83 (complex m, 4 H), 3.25 (complex m, 4 H).

The diiodide was added to molten potassium hydroxide under
the reaction conditions described by Dorko..s A liquid pyroly-
sate was obtained in 40% yield which was analyzed ona DBTCP
capillary column indicating a major peak greater than 90%.
The major component was isolated in the pure form by passage
of the crude pyrolysate through a preparative DBTCP column:
nmr of = (CCh, 100 MHz) & 1.06 (d, 3 = 7 Hz, ¢ H), 2.97 (com-
plex m, width at half-height 14 Hz, 2 H), 4.65 (s, 2 H), 5.03
(s, with fine structure, 2 H); ir (CCh) 3.32 (m), 3.45 (s), 3.5
(sh), 5.67 (m), 6.07 (m), 6.9 (m), 11.35 y (vs); uv (isooctane)
238 (sh), 245 (Xmex), 255 nm (sh); m/e 108.0932 (calcd for CsHi2
108.0939).

meso- and iAreo-:,1,4,4-Tetracarbethoxy-2,3-dimethylbutane
(10) .—A modification of Vogel's method:» for preparation of
meso- and ¢lireo-1,1,4,4-tetracarbethoxy-2,3-dimethylbutane (10)
was employed. In a 5-1. flask, 40 g of household thin aluminum
foil (Kaiser Aluminum and Chemical Corp., Oakland, Calif.)
in strips about 1 X 3 in., which were loosely folded, was placed
and covered with a 5% aqueous solution of sodium hydroxide for
exactly 2.5 min. After decantation of the solution, the foil
was washed with water and then with absolute ethanol. Im-
mediately a sufficient quantity of a - % aqueous solution of mer-
curic chloride was added to cover the foil completely. After
having been allowed to stand for exactly 3 min, the aqueous solu-
tion was poured off and the metal was washed with water,
then with absolute ethanol, then with moist ether (USP, and a
trace of water added), and finally covered with 3 1. of ether in the
presence of an additional 25 ml of water. Immediately to this
amalgam was added slowly with stirring 120 g of diethyl et.hyl-
idenemalonate 22 A vigorous reaction took place and continued
for 1.5-2 hr. The reaction mixture was stirred further at room
temperature overnight and then filtered to remove the aluminum
residue and mercury. Evaporation of the ethereal solution
gave 114 g (95% yield) of 10 as a viscous liquid: bp 155-160°
(0.5 mm); ti17°a 14480 (lit.7 1.44873); nmr (CCh, 60 MHz)
8085 (d, 3 =7Hz 3H), 1.0 (d,/ = 7 Hz, 3H), 1.26 (t with
fine structure, 3 = 7 Hz, 12 H), 2.25 (m, 2 H), 3.25 (unsym-
metrijal t, 2 H), 4.14 (q with fine structure, 3 = 7 Hz, s H);
ir (neat) 3.42 (m), 5.78 y (s).

1.1.2.2- Tetracarbethoxy-3,4-dimethylcyclobutane (11).—For
preparation of I,1,2,2-tetracarbethoxy-3,4-dimethylcyclobutane
(11) , Vogel's method was followed.:» Distillation of the crude
liquid product at 170-180° (0.5 mm) gave a pure colorless oil:
k167d 1.4590 (litwz 1.45573, impure); nmr (CCh, 60 MHz)

s 1.0 (d with fine structure, / = 7 Hz, ¢ H), 1.25 (t with fine
structure, 3 = 7 Hz, 12 H), 2.82 (m, 2 H), 4.15 (m, s H); ir
(neat) 3.44 (m), 5.78 y (s).

1.2-
tion of 100 g (0.269 mol) of crude 11 in 215 ml of absolute ethanol
with 100 g (1.78 mol) of potassium hydroxide in 180 ml of water,
followed by acidification with dilute sulfuric acid according to
Vogel’s method,17 gave 53 g (76% yield) of the corresponding
crude tetraacid: ir (neat) 3.18 (broad, m), 3.4 (m), 5.77 y (s).
This tetraacid was then decarboxylated under nitrogen to yield
35 g of a gummy residue which was immediately esterified with
900 ml of absolute ethanol in the presence of 10 ml of concentrated
sulfuric acid to give 38 g of a dark brown liquid. On fractiona-
tion, 34 g (55.5% yield, overall) of pale yellow liquid 1,2-di-
carbethoxy-3,4-dimethylcyclobutane (14) was collected at 90-
115° (0.5 mm): nmr (CCh, 60 MHz) s 0.83-1.42 (complex m,
12 H), 1.82-2.75 (complex m, 4 H), 3.9-4.35 (complex m, 4
H); ir (neat) 3.44 (m), 5.78 y (s).

3 4 -Dimethyl-I,2 -bis(hydroxymethyl)cyclobutane (15).—To a
stirred suspension of 9.8 g (0.258 mol) of lithium aluminum hy-
dride in 400 ml of anhydrous ether at 0° was added, dropwise, a
solution of 34 g (0.149 mol) of 14 in 400 ml of anhydrous ether.
The reaction mixture was stirred for 9 hr at room temperature,
then hydrolyzed with a freshly prepared saturated aqueous solu-
tion of anhydrous sodium sulfate, and filtered. The white cake

(22; W. S. Fones, "Organic Syntheses,” Collect. Vol. IV, Wiley, New
York, N. Y., 1963, p 293.

Dicarbethoxy-3,4-dimethylcyclobutane (14).— Saponi
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was washed thoroughly with tetrahydrofuran. The washings
and the original filtrate were combined and dried over anhy-
drous sodium sulfate. Evaporation of the solvents in vacuo
to 50° gave 20.5 g (95.5% yield) of 3,4-dimethyl-I,2-bis(hydroxy-
methyl)cyclobutme (15) as a viscous liquid: nmr (CDC13
60 MHz) s 0.94 (m, s H), 1.25-3.0 (complex m, 4 H), 3.62 (m,
4 H), 45 (broad s, 2 H, concentration-dependent); ir (neat)
3.08 (broad, s), 3.48 (s), 6.89 (m), 7.27 (m), 9.65 y (broad,
S).
Irans-i,4-Dimethyl-: ,» -dimethylenecyclobutane (1 ).— The mix-
ture of diols 15 was converted to the ditosylates, displaced with
iodide ion in acetone, and dehvdroiodinated in the same manner
as described for the preparation of 2 from 9.

Analysis on a 200-ft DBTCP capillary column indicated that
the crude reaction product consisted of two major components
which accounted for 96% of the mixture, in a ratio of 47 to 53
in the order of increasing retention time. The mixture was sep-
arated by passage through a preparative DBTCP column into
two pure compounds, which were pure by capillary vpc. The
compound with longer retention time (on both capillary and pre-
parative columns) had superimposable nmr, ir, uv, and vpc with
those of > prepared by the sequence described above. The com-
pound with the shorter retention time was assigned as trans-
3,4-dimethyl-l,2-dimethylenecyclobutane (1): nmr (CCh, 100
MHz) s 1.18 (d, 3 = s Hz, ¢ H), 2.38 (complex m, width at
half-height 14 Hz, 2 H), 4.64 (s, 2 H), 5.03 (s with fine structure,
2 H); ir (CCh) 3.33 (m), 3.46 (s), 3.52 (sh), 5.69 (m), 6.03
(sh), 6.1 (m), 6.92 (m), 11.35 y (vs); uv (isooctane) 238 (sh),
244 (xm,), 255 nm (sh); m/e 108.0943 (calcd for Csn I?, 108.0939).

Pyrolysis of 1 to 3-Methyl-2-methylene-«nii-ethylidenecyclo-
butane (4).—A well-conditioned 5-1. flask containing 100 w\
of 1 was sealed at 0.5 mm at liquid nitrogen temperature and
heated at 260° for 4 hr. After having been condensed in a liquid
nitrogen trap, 85 y\ of a pyrolysate was obtained. Analysis on a
200-ft capillary DBTCP column indicated the following com-
position: 35.4% of unchanged 1, 22.2% of 12, 3.32% of 3,
33.2% of 3-methyl-2-methylene-anif-ethylidenecyelobutane (4),
and other possible isomers, except 5, in small amounts. Pure
4 was isolated from the pyrolysate by passage through a prepara-
tive DBTCP column: nmr (CCh, 100 MHz) s 1.2 (d, 3 = 7
Hz, 3 H), 1.62 (d with fine structure, 3 = s Hz, 3 H), 2.12 (com-
plex m, 1 H), 2.8 (complex m, 2 H), 4.6 (s, 1 H), 5.0 (s, 1 H),
5.64 (complex m, 1 H); ir (CCh) 3.24 (w), 3.38 (s), 3.42 (s),
348 (m), 598 (m), 6.11 (m), 6.92 (m), 7.12 (w), 7.29 (m),
10.45 (m), 11.05 (m), 11.55 y (s); uv (isooctane) 240 (sh), 248
(Xmai), 257 nm (sh); m/e 108.0942.

3-Methylene-4-methyl-irares-1,4-hexadiene (12).— Pyrolysis of
40 pi of 3 at 260° for 2 hr in a 5-1. bulb, which had been evacuated
at 0.5 Torr, gave 30 pi of a pyrolysate. Analysis by capillary
vpc indicated only one product. After purification on aDBTCP
column, the product was assigned as 3-methylene-4-methyl-
trans-1,4-hexadiene (12) from the spectral data and the analogous
precedents:is2o  nmr (CCh, 100 MHZz) s 1.7 (d, 3 = 7 Hz, 3H),
é-nﬁ_ (s, 3 H), 4.91 (overlapped d with fine structure, J = s Hz,

), 5.16 (dofd, 3 = 18, 2Hz, 1 H), 549 (q, 3 = 7 Hz, 1
H), 6.32 (dof d, 3 = 18, 10 Hz, : H); ir (CCh) 3.23 (m), 3.32
(sh), 3.35 (m), 3.42 (s), 3.48 (m), 6.18 (sh), 6.32 (m), 6.35
(m), 6.96 (m), 7.06 (m), 7.28 (m), 10.07 (vs), 10.9 (vs), 11.2
y (vs); uv (isooctane) 216 (xmax), 230 nm (sh); m/c 108.0940.

2-Ethyl-3-methylene-1,4-pentadiene (13).— Similarly, pyrol-
ysis of 120 pi of pure 5 at 260° for 2 hr gave 100 pi of a liquid
pyrolysate which showed complete disappearance of the starting
material and three products in the ratio 2 :::1 on analytical
vpc. Upon separation and purification by preparative vpc, the
latter two were identified as ¢ and 7, respectively, and the major
product was identified as 2-ethyl-3-methylene-l,4-pentadiene
(13) by its spectra: nmr (CCh, 100 MHz) s 1.05 (t, / = 7 Hgz,
3H), 223 (g, = 7 Hz, 2 H), 4.97 (m with fine splitting, 5 H),
521 (d,3 = 18 Hz, 1 H), 6.33 (dofd, / = 18, 10 Hz, 1 H);
ir (CCh) 3.25 (m), 3.37 (m), 3.46 (sh), 6.1 (sh), 6.3 (m), 6.9
(m), 7.29 (m), 10.12 (m), 10.95 (s), 11.12 p (vs); uv (isooctane)
2159 (x™)), 223 nm; m/e 108.0941.

Registry No.—1, 26198-76-5; 2, 26198-75-4; 3,
26198-77-6; 4,26198-78-7; 5,32414-36-1; 6,22467-
63-6; 7, 22467-62-5; meso-10, 32414-37-2; threo-10,
32414-38-3; 11,32388-86-6; 12,26198-74-3; 13,26111-
15-9; 14, 32388-88-8; 15, 32388-89-9; methylallene,
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590-19-2; ci's-3,4-dimethyl-m-I,2-bis(tosyloxymethyl)-
cyclobutane, 32388-90-2; m-3,4-dimethyl-cis-1,2-bis-
(iodomethyl) cyclobutane, 32388-91-3.
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3,4-Dimethyl-3,4-hexanediol (1) has been dehydrated, using a variety of reagents, to mixtures of the six isomeric

CsHu dienes.

The use of acidic reagents, or iodine in propionic anhydride, favors the formation of cis,cis-3,4-di-

methyl-2,4-hexadiene (=) and cis,iroras-3,4-dimethyl-2,4-hexadiene (3), the dehydration following the Saytzeff
pathway. An initial cis double bond is favored over an initial trans configuration because the conformations of

the diol leading to a cis double bond exhibit less steric crowding.

Phenyl isocyanate as a dehydrating agent is

unusual in that double bond formation predominately follows the Hofmann pathway; even 2,3-diethylbutadiene

can be prepared in this manner.

The structures of the dienes follow from their spectral data.

Models show that

only the cis,cis isomer of the 3,4-dimethyl-2,4-hexadienes can exist in a conformation with the double bonds co-

planar, and only this isomer absorbs strongly in the uv.

support the structural assignments.

Dehydration of a mixture of meso and dl pinacol 1,
3,4-dimethyl-3,4-hexanediol, prepared from ethyl
methyl ketone can give rise to six substituted isomeric
butadienes of the formula C84x4 The purpose of this
work was to prepare and characterize these dienes.
Previously, two of the dienes (2 and 3) have been satis-

Me Me Me Me
,c=Cn H c=Ccn Me
H /C= < H c=cC(
Me Me Me H
H Me
\ / Et
B =c( Me
/ = C\ / H
Me/ y C=C( H /C=CX
Me XH Me Me
4
H Et H Et
ACc=Ccn Me H
H C—C
weo X
Me H Et H

factorily characterized by Criegee;2a the other four are
new compounds. Recently, 4 has been reported to be
formed in the thermal decomposition of 2-butenyl-
silver. No yield was given. The synthesis of 734
and of a mixture of 5 and 64has been claimed by earlier
workers but Criegee2 has shown the assignments of
Gostunskaya, et al., to be in error, and the later syn-
thesis of 7,3based on an abnormal Grignard reaction,
appears to be doubtful. The isolation was by distil-
lation, the boiling point does not agree with ours, and

(1) Taken in part from the doctoral thesis of D. M. Reichel, University of
Maryland, 1970.

(2) (a) R. Criegee and K. Noll, Justus Liebigs Ann. Chem., 627, 1 (1959);
(b) G. M. Whitesides, C. P. Casey, and J. K, Krieger, J. Amer. Chem. Soc.,
93, 1388 (1971).

(3) G. M. Mkryan, S. M. Gasparyan, E. A. Avetisyan, and Sh. L. Mndz-
hoyan, Zh. Org. Khim., 3, 808 (1967); Chem. Abstr., 67, 43326 (1967).

(4) 1. V. Gostunskaya, E. A. Krasnyanskaya, and B. A. Kazanskii,
J. Gen. Chem. USSR, 25, 1393 (1955).

Infrared and nmr spectra follow a consistent pattern to
The boiling points of the six isomers range from 104 to 134° (760 mm).

neither glpc nor nmr spectra were used to characterize
the fraction obtained.

Dehydration of 3,4-Dimethyl-3,4-hexanediol.—The
dehydration of pinacol, 2,3-dimethyl-2,3-butanediol,
has been studied over the past hundred years with a
variety of reagents. With pinacol, only two products
are possible, 2,3-dimethylbutadiene and pinacolone.
It has been observed that pinacolone formation is fav-
ored by the use of less strong acids such as phosphoric
or oxalic acids, whereas the use of hot strong acids
such as hydrobromic acid causes dehydration to the
diene to predominate. lodine6and phenyl isocyanate6
are known to be effective reagents for dehydrating pina-
col to butadiene with little pinacolone formation. With
3,4-dimethyl-3,4-hexanediol, dehydration can lead to
the two isomeric pinacolones or any of the six isomeric
dienes.

We have studied the dehydration of a dl-meso mix-
ture of the 3,4-dimethyl-3,4-hexanediols with a variety
of reagents and the results are tabulated in Table I.
The pinacol was obtained by the reduction of ethyl
methyl ketone with magnesium and was an approx-
imately 1:1 mixture of the dl and meso isomers.

The data in Table | show that iodine in propionic
anhydride is the reagent of choice for the preparation
of a diene mixture consisting mostly of the cis-cis (2)
and cis-trans (3) isomers. The use of iodine alone is
somewhat less desirable. Of the six possible isomers,
these two are the ones preferentially formed in most of
the dehydration reactions. The third most easily
formed isomer is 5; this is the major product when
phenyl isocyanate is used as the dehydrating agent.
This latter reagent is unique in that it preferentially
forms a methylene rather than an ethylidene bond.
Thus, 7 is also a major product using phenyl isocyanate
whereas it is only a minor product in all of the other
dehydration reactions. Sulfuric acid and hydrogen
bromide also cause isomers 2, 3, and 5 to predominate,
and with the latter reagent only small amounts of the
pinacolones are formed. The use of potassium acid

(5) H. Hibbert, 3. Amer. Chem. Soc., 37, 1748 (1915).
(6) D. A. McKenzie, Ph.D. Dissertation, University of Maryland, 1962.
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Tabte |

Dehydration of Pinacol (1) with Various Reagents”

% yield
of diene
Reagent fraction 2 3
lodine with propionic
anhydride 74 35 38

lodine 63 34 39
PhNCO 26 16 6
KHSO4 52 41 18
HZX04 30 38 5
11Br 47 44 28
Potassium alum 53 37 4
PD6 24 32 11
H304 33 14 41
Polyphosphorie acid 27 11 11
Al,0, 40 9 8

-Composition of diene fraction, 9% h----—-

4 5 6 7 EtCOAmM' MeCOHxd
1 13 3 3 Tre Tr
2 8 3 3 1 2
Tr 41 3 28 Tr Tr
Tr 18 1 7 3 5
0 10 0 2 13 29
0 10 3 6 2 2
0 28 0 5 7 14
1 19 3 7 10
Tr 5 Tr 2 11 24
0 2 Tr 1 23 51
3 6 5 4 19 43

“ All dehydrations were carried out in the liquid phase at 120-140° except with alumina which dehydration was in the vapor phase at

250°. *Data are glpc percentages. ' 4,4-Dimethyl-3-hexanone.
sulfate causes the same three isomers to predominate,
whereas potassium alum favors 2 and 5. Vapor phase
dehydration over alumina gives an indiscriminate mix-
ture of all isomers. It was the method used to prepare
the trans-trans isomer 4; while the yield of this is only
about 1%, most of the other procedures give even less.

Two facts stand out from the above. The formation
of a cis double bond occurs preferentially to a trans, and
the double bond formation occurs according to the Say-
tzeff rule, except with phenyl isocyanate. While this
reagent has been used to dehydrate pinacol itself,6 it
has not been used with higher members of the pinacol
series. One might expect on statistical grounds a
three to two ratio of the Hofmann to Saytzeff pathways,
assuming steric effects are not a factor. From the
phenyl isocyanate data in Table I, it can be calculated
that 53% of the double bonds formed are via the Hof-
mann pathway, whereas with iodine or the acidic re-
agents only 13-19% of the double bonds are formed by
this pathway. Earlier investigators studying the use
of this reagent have speculated that the dehydration
mechanism is analogous to that of acetate pyrolysis
at 500°.6

The reason for the preferential cis double bond forma-
tion becomes apparent after an examination of the pos-
sible conformations leading to a reaction. The hy-
drogens of the number two methylene group can exist
in four such conformations with the hydroxyl group

10 11

on carbon number three. Fisher-Taylor-Hirschfelder
models show that neither of the two conformations [one

d 3-Ethyl-3-methyl-2-pentanone.

eTr = trace.

staggered (8), one eclipsed (9)] which might lead to an
initial cis double bond exhibit severe steric crowding;
much more severe steric interactions do occur with the
two conformations (10, 11) leading to the trans double
bond, particularly with the meso isomer of the pinacol.
Furthermore, in a stepwise conversion of the pinacol to
the dienes with the first double bond being trans,
the intermediate, ;rans-3,4-dimethyl-4-hexen-3-ol, has
much more severe steric interactions than does its cis
isomer; this factor alone would strongly favor the for-
mation of the initial double bond with a cis configura-
tion. Once the first double bond is formed, the molecu-
lar geometry changes so that the steric effects discussed
above have less influence on the conformations leading
to the cis or trans second double bond.

The results of the dehydration of the high-melting
form7 of the 3,4-dimethyl-3,4-hexanediol were con-
trasted with that of the approximately 1:1 mixture of
the dl and meso isomers to see if the use of the meso
pinacol did lead to less trans double bond formation as
the study of the models suggested. The dehydrations
were carried out using the iodine in propionic anhydride
reagent. The diene fraction obtained from the high-
melting form of the pinacol contained 63% of the cis-
cis isomer 2 and 4% of the cis-trans isomer 3. The
approximately 1:1 mixture of the meso and dl forms of
the pinacol gave 39 and 33%, respectively (see Table I).
The percentages of isomers 4, 5, 6, and 7 from the meso
pinacol were 0, 24, 0, and 2%, respectively. It is ap-
parent that the diastereoisomers do behave differently,
and the form presumed to be the meso isomer gives rise
to less trans double bond formation as predicted.

Proof of Structure of the 3,4-Dimethyl-2,4-hexa-
dienes.—The three geometrical isomers 2, 3, and 4
could be distinguished from the remaining three isomers
by their similar nmr spectra, which showed four methyl
groups and two vinyl hydrogens, and their almost
identical mass spectra. lIsomers 2 and 3 have been
characterized previously by Criegee,2 but the proof of
structure given here is independent of his work. A
study of Fisher-Taylor-Hirschfelder models of the
three isomers showed that only the cis-cis isomer 2

) This form is assumed to be the meso isomer by analogy with the two

4,5-octanediols where the stereochemistry has been definitely established:
S. Veibel, Biochem. Z., 239, 456 (1931) [Brit. Chem. AbstrA, 1332 (1931)];
W. G. Young, L. Levanas, and Z. Jasaitis, J. Amer. Chem. Soc., 58, 2274

(1936).
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Table Il

Spectral Data on Isomers

Configuration Uv max (e)
Cis-cis (2) 237 (17,000)
Cis-trans (3) 210 (3,600)
Trans-trans (4) 205 (2,000)
Cis (5)

Trans (s)

could easily exist in a conformation with the double
bonds coplanar, either cisoid or transoid. This must
correspond to the isomer with the uv maximum at 237
mn (e 17,000). A model of the trans-trans isomer 4
cannot exist in a coplanar form, and consequently 4
exhibits the lowest uv maximum and lowest extinction
coefficient as shown by the data in Table Il. The
isomer with the intermediate uv spectra is assigned the
cis-trans structure 3 since a model of this is intermediate
between the other two isomers in the ease of forcing
the double bonds into coplanarity. These structural
assignments are supported by the ir spectra, by the
consistent changes observed in the chemical shifts of
the methyl and olefinic protons in the nmr spectra as
one proceeds through the series, and by the ease of sul-
fone formation. The boiling points of the isomers also
change in a consistent manner.

The infrared spectra of the trans-trans isomer of
3,4-dimethyl-2,4-hexadiene would be expected to have
the least absorption in the 1630-cm_1 region because of
the relatively symmetrical arrangement around each of
the double bonds. As shown in Table 11 this was found
to be the case. The isomer assigned the cis-cis struc-
ture on the basis of its uv maximum at 237 mp absorbed
strongly, and the third geometrical isomer exhibited
an absorption band of intermediate strength.

In the nmr spectra, the chemical shifts of the ter-;
minal methyl groups change in a consistent manner as
one proceeds from the cis-cis to the trans-trans struc-
tures, and these shifts were used to assign the cis and
trans configurations to the 2-ethyl-3-methyl-I,3-penta-
dienes.

The reaction of the mixture of the dienes with sulfur
dioxide provided chemical evidence for the assignment
of the trans-trans structure to the isomer of uv max
205 mp. Butadiene and one of the piperylenes react
with sulfur dioxide to form cyclic sulfones.8 The diene
must be in the cisoid form for this reaction to occur, and
it is known that the reaction with sulfur dioxide can
be slowed down or prevented by a terminal methyl
group in the position where the sulfur dioxide must
approach.8 Accordingly, it would be expected that
the trans-trans 4, with two methyl groups blocking the
approach of the sulfur dioxide, would not react. This
was found to be the case; most of the isomer assigned
the trans-trans structure was still present unreacted
after standing for 10 days with sulfur dioxide at —17°.
In constrast, the isomer assigned the cis-cis structure
had completely reacted as had all but small amounts
of the isomer assigned the cis-trans structure.

Microboiling points were determined on the three
isomers after purification by glpc and found to be 134,

(8) D. Craig, J. Amer. Chem. Soc., 65, 1006 (1943).
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-Nmr, 8 units-

Olefinic absorption, cm-1 c=chch3 C=CHCHs
1625 (str) 1.70 5.6
1650 (intermediate) 1.68, 5.22

1.58
1650 (weak) 1.47 5.3
1620 (weak)
1640 (med) 1.68 5.63
1620 (str)
1630 (str) 1.60 5.32

114, and 104° (760 mm) for the cis-cis, cis-trans, and
trans-trans isomers, respectively. This rather wide
range, and the higher boiling point of the cis-cis isomer,
are probably related to the ability of the cis-cis mole-
cule to exist in a linear form with coplanar double bonds,
whereas the trans-trans isomer for steric reasons is in
a nonlinear, more compact form.

Finally, our structural assignments for the cis-cis
and the cis-trans isomers are in aggreement with those
made by Criegee2as is shown by comparing the melt-
ing point data on the maleic anhydride adducts.

Proof of Structure of the 2-Ethyl-3-methyl-I,3-
pentadienes.—Two of the dienes formed in the de-
hydration of the pinacol are clearly the isomeric 2-
ethyl-3-methyl-1,3-pentadienes since they have nearly
identical mass spectra and their nmr spectra show an
ethyl group, two methyl groups, and three vinyl pro-
tons. As shown in Table 11, the methyl doublet and
the vinyl proton quartet of one have chemical shifts
nearly identical with those of the cis,cts-3,4-dimethyl-
2,4-dimethyl-2,4-hexadiene (2); it is accordingly the
cis-2-ethyl-3-methyl-1,3-pentadiene (5). The other iso-
mer has chemical shifts of these groups upheld from
the cis isomer and nearly identical with those of trans,-
frcros-3,4-dimethyl-2,4-hexadiene (4) and is accordingly
the frans-2-ethyl-3-methyl-I,3-pentadiene (6). These
structural assignments were consistent with the ir spec-
tra of the two isomers. The cis isomer has two ab-
sorption bands of strong and medium intensity at 1620
and 1640 cm-1; the trans isomer has a single strong
peak at 1630 cm-1. Both exhibited strong absorption
at 880-890 cm-1 due to the methylene group. The
relative ease of formation of the sulfone derivatives
adds further supporting evidence. The cis isomer 5 re-
acts completely whereas the trans isomer 6 reacts to a
much lesser degree. The cis isomer is again observed
to have a higher boiling point (127°) than the trans
isomer (108°).

Proof of Structure of 2,3-Diethylbutadiene.—The
structure of this isomer (7) is established by its nmr
spectrum which clearly shows the two ethyl groups and
the four terminal vinyl protons.

Experimental Section

Melting points and boiling points are corrected. The infrared
spectra were determined with a Perkin-Elmer Model 337 on the
neat liquid using a 0.025-mm sodium chloride cell; the ultraviolet
spectra with a Cary Model 14; the mass spectra with a Varian
M-ss; and the nmr spectra with a Varian Model A-60A.
Chemical shift values are expressed as s values (parts per mil-
lion) downfield from tetramethylsilane internal standard. Ele-
mental microanalyses were performed by Dr. F. J. Kasler.

Dehydration with lodine in Propionic Anhydride.—'A 250-ml
three-necked flask was charged with 64 ml of propionic anhydride,
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130 mg of iodine, and 60 g of the diI-meso mixture of the 3,4-di-
methyl-3,4-hexandiols, bp 108-114° (32 mm), obtained by the
reduction of ethyl methyl ketone with amalgamated magnesium.s
The mixture was stirred with a magnetic stirrer and heated for
2 hr at 125°. A stream of carbon dioxide was passed through
the reaction flask to sweep the volatile products through a water-
cooled condenser into a receiving flask immersed in an ice-salt
mixture. The propionic anhydride that distilled along with the
diene fraction was removed by shaking with saturated sodium
bicarbonate solution. The diene mixture was 44 ml (74% of
theory). Its composition is given in Table I.

Dehydration with Other Reagents.— All of the dehydrations
in the liquid phase were carried out in the same way as the ex-
ample above but without solvent and on a smaller scale. After
the initial heating at 120°, the temperature was slowly raised
over a 2-hr period to 130-140°. The data are in Table I11.

Table Il
Experimental Data on the Pinacol (1) Dehydrations

Final Reaction Yield,

I, e Reagent temp, °C  time, hr ml
3.4 20 mg of iodine 140 2 2
29 108 ml of PhNCO,

o.s g of M-phenyl-

/3-naphthylamine,

0.2 g of lithium

slices 150 2 7
9.6 2.5 g of KHSO4 140 2 5.5
4.3 5 drops of concen-

trated hsoas 140 2 1.2
4.8 0.2 ml of 48% HBr 140 2 25
4.3 1 g of potassium alum 140 2 2.5
6.7 0.1 g of P20s 140 2 1.5
4.8 1+ ml of 85% HsPO4 140 4 1.5
4.8 1 ml of poly HsP 04 140 2 1.5

®Composition given in Table I.

Dehydration over Alumina.— This was patterned after the
procedure for dehydrating pinacol..o The mixture (40 ml) of the
meso and dl isomers of the 3,4-dimethyl-3,4-hexanediol was added
dropwise at about 1 ml/min to a 40-cm column of 8-14 mesh
Fisher alumina electrically heated to about 250°, and the prod-
ucts were caught in a series of traps cooled in ice and finally Dry
Ice. The product consisted of 20 g of an organic layer which
gave 12 g of the diene fraction on distillation. Composition data
are in Table 1.

Analysis of Diene Fraction.— This was done by glpc using
an F & M Model 300 vapor phase chromatograph. Of the
various columns used, the best was a 2-m long, 6.3-mm o.d.
copper tube packed with 10% Carbowax-1000 on 80-100 mesh
silanized diatomaceous earth (Anakrom P). The glpc percen-
tages in Table I were shown to approximate weight percentages
by analyzing a mixture consisting of 71.5 mg of 3 (79.3 mg of
90% pure 3 isolated by distillation) and 25.7 mg of 2 (28.7 mg
of 89% pure 2 isolated by distillation). The weight ratio of 3
to 2 was 2.78; the ratio of the areas obtained by glpc was 2.8.
The retention times in minutes (at 50° with a helium flow of ap-
proximately 50 ml/min) for the compounds are as follows: 4,
4.7; ¢, 53; 3, 6.3; 7, 7.2; 5, 10.3; rearranged product, 13;
2, 17; 4,4-dimethyl-3-hexanone, 39; and 3-ethyl-3-methyl-2-
pentanone, 51.

cis,cfs-3,4-Dimethyl-2,4-hexadiene (2) was best prepared by
the procedure using iodine in propionic anhydride. The follow-
ing data are on material separated by glpc: bp 134° (760 mm)u
[lit2 bp 134-135° (760 mm)]; uv max (cyclopentane) 237 miji
(e 17,000) [lit.2 uv max (solvent unspecified) 230 mm (e 13,000)];
ir (neat) 3055, 3000-2900, 2865, 1625, 1450, 1385, 1055, 995,
890 (w), 815, and 795 cm*“1l; nmr (DCC13) s 5.60 (quartet, 2,

(9) W. Reeve and M. Kariekhoff, J. Amer. Chem. Soc., 78, 6053 (1956).

(10) L. W. Newton and E. R. Coburn in “Organic Syntheses,” Collect.
Vol. 111, Wiley, New York, N. Y., 1955, p 313.

(11) Microboiling point by SiwolobofTs method in F. Schneider, “Quali-
tative Organic Microanalysis," Wiley, New York, N. Y., 1946, p 93.
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J = 65 Hz, C=CHCH3J3), 1.77 (s, s, =C(CH3)C), 1.70 (d, s,
J = 6.5 Hz, C=CHCH?J3); mass spectrum (70 eV) mse (rel
intensity) 110 (58), 95 (100), 81 (15), 79 (10), 77 (12), 67 (46).

Anal. Calcd for CgHu: C, 87.20; H, 12.80. Found: C,
87.27; H, 12.72.

ci's,ira?is-3,4-Dimethyl-2,4-hexadiene (3) Was best prepared
by the procedure using iodine in propionic anhydride. The fol-
lowing data are on material separated by glpc: bp 113.5° (760
mmyu [litz bp 113-115° (760 mm)]; uv max (cyclopentane)
210 mii (e 3600) (lit.2 reported no max); ir (neat) 3015, 2970-
2900, 2850, 1650 (w), 1445, 1370, 1230, 1090, 1050-1030, 1005,
840, and 810 cm-1; nmr (DCC13) s 5.22 (quartet, 2,/ = s Hz,
C=CHCHJ), 1.70 (s, s, =C(CH3)C), 1.68 (d, 3,3 = s Hz, cis
C=CHCH3), 158 (d, 3, / = & Hz, trans C=CHCHJ3); mass
spectrum (70 eV) m/e (rel intensity) 110 (77), 95 (100), 81 (23),
79 (11), 77 (16), 67 (65 ).

Anal. Calcd for CgHu:
87.33; H, 12.67.

frares,frans-3,4-Dimethyl-2,4 hexadiene (4) was prepared by
dehydration of the pinacol (di-meso mixture) over aluminum
oxide at 250°. The following data are on material separated by
glpc: bp 104° (760 mm):;11 uv max (cyclopentane) 205 m/a
(c 2000); ir (neat) 3040, 2980-2900, 2850, 1650 (w), 1620 (w),
1440, 1360, 1310, 1080, 1030, 890 (m), and 830-810 cm“l;
nmr (DCC13) s 5.28 (quartet, 2, / = 6.5 Hz, C=CHCHYJ),
1.72 (s, s, =C(CH3)C), 147 (d, s, / = 6.5 Hz, C=CHCHD3);
mass spectrum (70 eV) m/e (rel intensity) 110 (100), 95 (100),
81 (14), 79 (11), 77 (13), 67 (51).

Anal. Calcd for CgHu: C, 87.20; H, 12.80.
87.40; H, 12.78.

cis-2-Ethyl-3-methyl-1,3-pentadiene (5) was best prepared
by procedure using phenyl isocyanate. The following data are
on material separated by glpc: bp 127° (760 mm:1: ir (neat)
3090, 2970-2900, 2880, 1640 (m), 1620 (s), 1470, 1390, 1080,
1010, 880 (s), 830, 800, 730, and 695 cm“1; nmr (DCC13 s 5.63
(quartet, 1, 3 = 7 Hz, C=CHCH?3), 490 (s, 1, =CH 2, 4.78
(s, 1, =CH 2, 2.25 (quartet, 2,/ = 7 Hz, CH:CHJ), 1.75 (s, 3,
=C(CH3s)C), 168 (d, 3,/ = 7 Hz, C=CHCHJ), 103 (t, 3,
J = 7 Hz, CH:CH3J3); mass spectrum (70 eV) m/e (rel intensity)
110 (57), 95 (100), 81 (41), 79 (17), 77 (17), s (14), 67 (46), 65
(10).

Anal. Calcd for Csll,,:
87.32; H, 12.60.

frans-2-Ethyl-3-methyl-1,3-pentadiene (6) was prepared by the
procedure using iodine in propionic anhydride. The following
data are on materials separated by glpc: bp 108° (760 mm;u
ir (neat) 3075, 2970-2900, 2860, 1630 (s), 1445, 1360, 1080,
1030, 890 (s), 865, and 820 cm-1; nmr (DCC13) 5 5.32 (quartet,
1,3 = 7Hz, C=CHCH?J3,4.95(, 1,=CH 2,468 (s, 1,=CH 2,
2.13 (quartet, 2, 3 = s Hz, CH2CH3), 1.75 (s, 3, =C(CH3)C),
160 (d, 3,3 = 7Hz, C=CHCH3J3), 098 (t, 3,3 = s Hz, CH2
CH?J3); mass spectrum (70 eV) m/e (rel intensity) 110 (63),
95 (100), 81 (32), 79 (17), 77 (10), es (15), 67 (56), 65 (9).

Anal. Calcd for CgHu: C, 87.20; H, 12.80. Found: C,
87.23, H, 12.78.

2,3-Diethyl-1,3-butadiene (7) was best prepared by the pro-
cedure using phenyl isocyanate. The following data are on
material separated by glpc: bp 119° (760 mmy;u1 ir (neat)
3080, 2980-2900, 2870, 1790 (w), 1630 (w), 1600 (s), 1460, 1390,
1365, 1070, and 890 cm-1 (s); nmr (CHC13) s 5.07 (s, 2, =CH 2,
493 (s, 2, =CH 2, 2.28 (quartet, 4, 3 = 7 Hz, CH:CH3J), 1.07
(t,s,3 = 7 Hz, CH:CH3).

Anal. Calcd for CgHu:
87.39; H, 12.57.

Maleic anhydride adducts were prepared by Criegee’s method. >
The diene (0.5 g), 0.44 g of maleic anhydride (purified by re-
crystallization from chloroform), and 0.5 or 2 ml (for 2 and 3,
respectively) of benzene were heated in a sealed tube in a steam
bath for s or 17 hr (for 2 and 3, respectively). 2 had mp 111-
112° (lit.2113-114°); 3 had mp 70-71° (lit.2 68-69°).

Sulfones.— The diene mixture (10 ml), bp 104-135°, which had
been prepared by the iodine in the propionic anhydride procedure
was cooled in Dry Ice and mixed with 10 ml of liquid sulfur di-
oxide. The mixture was stored in a cold room at —17° and sam-
ples were analyzed periodically by glpc. The glpc data were ob-
tained using a Carbowax-1000 column at 50° with the injection
port at 105°. After 10 days, the reaction appeared to have pro-
ceeded as far as it was going to go; after 30 days the results were
essentially the same. The amounts of the diene that reacted

C, 87.20; H, 12.80. Found: C,

Found: C,

C, 87.20; H, 12.80. Found: C,

C, 87.20; H, 12.80. Found: C,
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follow (compound, per cent in original mixture, per cent un-
reacted hydrocarbon in final hydrocarbon mixture): 2, 35,

o; 3,38,5; 4,1,80; 5,13,0;, 6,3,15; 7,3,0.
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Acetylenic lactols,

3-butyl-3,3'-dihydroxy-l,5-diphenylpenta-l,4-diyne,

6-hydroxy-l-phenylheptan-3-one,

I-(2-substituted ethynyl)-/3-L-gulofuranose, and I-(2-substituted ethynyl)-a-D-ribofuranose, were synthesized

via the lithium derivative of ethynyl compounds.

The reaction mechanism involving the lactone carbonyl is

similar to the reaction of aldehyde or ketone with the ethynyllithium compound.

The nucleoside antibiotics, showdomycinl (1), py-
razomycin2 (2), and formycin34 (3), are carbon-linked
nucleosides. The carbon-linked nucleosides are in-
teresting compounds with potent biological activity,
and the synthetic studies on these compounds have
been reported by Sorm, et al.,8and by Goodman, et al.6

Tronchet and Perret7 reported the synthesis of an
analog of pyrazomycin (2), 3-/3-D-erythrofuranosyl-I-
p-nitrophenylpyrazole. On the other hand, Asbun
and Binkley8 synthesized 5-substituted pyrimidine
nucleosides from the reaction of diisopropvlidene
aldehydopentose with 2,4-dibenzyloxy-5-lithiopyrim-
idine.

The present paper concerns attempted reaction of
ethynyl compounds with lactones and sugar lactones,
which was expected as a model experiment for the
preparation of the carbon-linked nucleoside.9 vy-
Valerolactone (4) (Scheme 1) was treated with the

(1) K. R. Darnall, L. B. Townsend, and R. K. Robins, Proc. Nat. Acad.
Sex. U. S., 57, 548 (1967).

(2) R. H. Williams, K. Gerzon, M. Hoehn, M. Gorman, andD. C. Delong,
Abstract of Papers, No. MICR 38, 158th National Meeting of the American
Chemical Society, New York, N. Y., Sep 1969.

(3) R. K. Robins, L. B. Townsend, F. C. Cassidy, J. F. Gerster, A. F.
Lewis, and R. L. Miller, J. Heterocycl. Chem., 3, 110 (1966).

(4) C. Koyama, K. Maeda, H. Umezawa, andY. litaka, Tetrahedron Lett.,
597 (1966).

(5) M. Sprinzl, J. Farkas, and F. Sorm, ibid., 289 (1969); L. Kalvoda,
J. Farkas, and F. Sorm, ibid., 2297 (1970); M. Bobek, J. Farkas, and
F. Sorm, ibid., 4611 (1970).

(6) E. M. Acton, K. J. Ryan, and L. Goodman, Chem. Commun., 313
(1970).

(7) J. M. J. Tronchet and M. F. Perret, Helv. Chim. Acta, S3, 648 (1970).

(8) W. Asbun and S. B. Binkley, J. Org. Chem., 31, 2215 (1966).

(9) H. Ogura and H. Takahashi, unpublished work.
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Grignard compound of phenylacetylene to obtain
3-butyl-3,3'-dihydroxy -1,5 - diphenylpenta-1,4 - diyne
(5). This is similar to the reaction of y-butyro-
lactone and phenylmagnesium bromide. 0 Butyl-
lithium was used in place of the Grignard com-
pound of y-butyrolactone (4) to form 6-hydroxy-I-
phenylhepta-l-yn-3-one (6), which was confirmed as
its p-nitrophenylhydrazone (7) through examination of
ir, nmr, and mass spectra.

By application of this method to sugar lactones, it
has been possible to obtain acetylenic lactols. Treat-
ment of 5-0-(tetrahydropyran-2-yl)-2,3-0-isopropyl-
with
phenylacetylene in ether failed to afford phenylacet-
ylenic lactol. On the other hand, reaction of 2,3-0-
isopropylidene-D-ribonolactone (8 or 2,3-O-isopropyl-
(10) with
acetylenic compounds gave I—(Zsubstituted ethynyl)-
2,3-O-isopropylidene-D-ribofuranose (lla,b) in 30%
yield (Scheme I1). The ir spectra of these compounds
(lla,b) show hydroxyl bands at 3380 and 3280 cm-1
and acetylenic band at 2180-2190 cm-1, and no lac-

idene-D-ribonolactone (9) butyllithium and

idene-5-0-acetyl-D-ribonolactone lithium

tonic band at around 1780 cm-1.

In case of L-gulonolactone, 2,3:5,6-di-O-isopropyl-
idene derivative (12) was treated with various lithium
acetylenic co